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 ABSTRACT

- The economic model of fertility emphasizes two important roles of -
increased human capital investments in women on fertility: (1) an income
effect which tends to increase the demand for children aﬁd (2) a price i
effect which tends to decrease the demand for children because of the
higher opportunity cost of childcare in terms of foregone labor force
Oppoftunities. Previous empirical estimates of these effects have
focused on human ‘capital investment in the form of formal schooling,
and have found that the price effect aominates.

However, in developing countries a broader definition of. human capital

may be appropriate because of widespread nutrition and health deficiencies.

" We estimate the Easterlin, Pollak and Wachter (EPW) extended model of

fertility, which includes endogenous tastes and biological factors, with
a broader representation of women's human capital that encompasses health,
nutrition and work experience in addition to'schooling_T

We also explore the implication of data incompleteness in two senseé:
(1) selectivity in providing the necessary data and (2) incomplete fertility
in that many women in our sample may have further children. Our estimates
suggest that selectivity, which is ignored in previous studies, is a
significant factor. They also suggest.that the form of control for in-
complete fertility is important, but that a multiplicative cont;ol for
duration of exposure has the same implications as the more‘sophigticated.‘
Boulier and Rosensweig procedure.

In more substantive respects, we find that income has a positive

effect and that increased predicted earnings for the women has a negative




effect with our broader definition of human capital. We also find that
human capital investments in nutrition and health have additional effects,
beyond those incorporated in the opportunity costs of 1ab$r market earnings.
For nutrition tﬁe'additiénal impact is to reinforce the opportunity cost
dimension of more human capital by‘lowering fertility. But improved health
increases family size, apparently because of\increased fecundity, lengthené&d
productive spans and increased energy, which provides support for the EPW
emphasis in biological factors.' Moreover our estimate for the health

and nutrition effects of fertility are more robust than are those for the
traditional schooling variable., Therefore we conclude that fertility
analysis and fgmily planning, health and nutrition policy analysis in

similar developing countries should be expanded to incorporate a broader

definition of human capital to include health and nutrition status.



1. INTRODUCTION

Many .economists emphasize the important role of human capital
investments in women in the determination of fertility, Such'investments
have an income effect by increasing women's earnings potential, which in
itself leads to an‘increase.in the demand for children and other normal
goods, But they also may have a price effect due to the Increased
opportuﬁity cost of the woman staying at home to care for the children
and thereby foregoiﬁg higher market earnings that would be commanded by
her greater capital stock. Empirical éxplorations of these possibilities
focus on investment in education théough formal schooling. Available
estimates suggest that the opportunity cost element often dominates in
developing countries, so that increased education for women lowers
-fertility.l

In this paper we extend the empirical application of this model
to'incorporate a broader applied definition of human capital which includes
the woman's health and nutrition status in addition to her formal schooling.
We do so bécause of the prevalence of health and nutrition problems in
'most developing countries, Moreover, elsewhere we present evidence that
health and nﬁtrition status significantly affect ofher important socio-
economic outcomeé for women in developing countries, such as the probability
of their labor force participation and their level of earnings.2

We estimate fertility determination relatioms for a random sample
of 1063 womeﬁ in 1977 in Managua, the central metropolitan area of the
Cenﬁral Aﬁérican developing economy of Nicaragua, Although recently

population growth rates in many developing countries have declined




significantly, those in prerevolutionary Nicaragua remained very high at
3.3% per year, a rate exceeded in only 4 of the 92 developing countries
included in World Bank (1978).

In order to estimate the model, we must face up to two senses in
which the data are incomplete, First, for 83 of the 1063 women, values
of critical vafiables are missing., To simply drop these women froﬁ the
sample might result in selectivity bias of the type that Heckman (1974, 1976)
and others have examined extensively recently in other contexts. Second,
the women in our sample range in age from 15 to 45 years. Except for
the oldest group, the data are incomplete in the sense that fertility
may be incomplete. If we do not control for this sense of incompleteness,
our eétimates'also may be biased. TFor exaﬁple, if more educated women
have children at older ages than do less educated women because the
former are invschool longer, the use of data from women with incomplete
fertility may bias the estimated effect of education on fertility,

We organize our présenfation as follows. 1In Section 2 we discﬁss
our model of complete fertility. In Section 3 we discuss the missing
values of somé‘variables problem and the possibility of selectivity bias.
In Section 4 we.pfesent our estimates of fertility deﬁerminanté with
control for data selectivityvand with the a Priori preferred coérections
for inéomplete fertility. In Section 5 we consider some alfernative
approaches for dealing with incomplete fertility. In Section 6 we .
summgrize our conclusions about the two types of data iﬁCOmpleteness and
about the extension of human capital cdncerns to include health and

nutrition.



2, MODEL OF COMPLETE FERTILITY

We adopt the basic economic model of fertility that has evolved

from the work of Becker (1960), Easterlin (1968, 1973), Leibenstein (1957),

Willis (1973) and that has been exténded recently by Easterlin, Pollak,
and Wachter (EPW, 1980) to incorporate endogenous tastes and natural fer-
tility.3 |

We take as given a number of characteristics of the adults in the
household: age, age of first cohabitation (C), schooling (S), family
background (F), migratory status (MIG), marital status (M), health and
nutrition status (H), ability and motivation (A), and income other than
earnings of the woman (Y). In our empirical work we concentrate on the
characteristics of the woman because of our interest in the role of
women and their critical role in household production, which-ties in
integrally with fertility determination. More extended models could
incorporate some of these characteristics as endogenous variables, but
we doAﬁot édopt such models here for three reasons.4

First, we think that for the most part the human capital variables
oflprimary interegt-~schooling and health and nutrition status-refiect
recursive decisions in which the parents of the adults in the current
household had a major role. Elsewhere we present estimatesz of the
determinants of theée variables which are larggly consistent with this
hypothesis (Behrman and Wolfe, 1930 é,b,c,d,g, and Wolfe and.Behrman, 1980).
Even current household nutritional inputs for which this assumption
probably is strongest, for example, reflect women's training and
'capabilities more thanlcurrent economic conditions. To the extent that our
assumptions are too strong in this respect, of course, our estimates may

be subject to simultaneity bias,



Second, we wish to keep our model manageable so that we can deal
with the two dimensions in which the data are incomplete. The extension
to a larger model ﬁoﬁld‘makevthis difficult, if not impossible,

Third, we wish to maintain coﬁparability with other estiméfés of \
fe?tility determinants, For the most part these estimates have been
made undeér the assumption that.such characteristics are determined re-
cursively'(see willinms, 1974), | |

We posit for eaéh hoﬁsghold a one~period utility (U) function which
- 1s defined over commodities (Z), completed family size (N), frequency
of intercourse (¢@), infant mortality (d), and the intensity ahd use of
éontraceptives (u);'all conditional on norms regarding the cdnsumption
of g;ods (Z*) and completed family size (N%) |

U=U(z, bi, qy d, uj Z%, N¥),
The first three arguments»(Z{ N, q) 511 héve ﬁositi§e dérivatives. If
frequeﬁcy Qf intercourse (q) did not have a positive derivative, absti-
nence would be costless and a peffectly effective form of coﬁtracéption,
,,sgsthe actual number of children would be the number desired in a perfect
‘contraceptive society, TInfant mortality (d) has a negétive derivafive—-
otherwise infanticide would be a much more attractive contraceptive
practice than it appears to be iﬁ reality. Likewlse the use of less
extreme contraceptive practices (u) appérenfly invoives some disutility
and therefore is included among the argﬁments in the utility function.

The norms regarding consumption of goods (Z*) and completed family
size (N*) may be dependent on the exogenous variables which are mentioned

above and on characteristics of peers (say, coworkers or neighbors).



We use both representations  in our empirical work, but note that both have
problems, For the personal and family background variables, it is very
hard‘fo identify whether the chahnel'of'any<impact.is through changing

;. such norms or through affectinglabilities and schooling and other such
intervening variables (or through some mixture). For the peer variables

a simultaneity problem is inherent since the behavior of the peers also
depends on their norms, which in turn depend upon the behaviorlof the

original houschold.

Household utility is maximized subject to six constraints:

@) AThé commodity collection vector (Z) is producible
Qithin_the productidn set defined by the identical household
techﬁblogy T, given the market goods collection vector (X),
the time allocation vector (t), ability and motivation (A),
and health and nutrition status (H):

(z, X, t, A, H) €T,

(2) The time (tjs) that each of J individuals devotes to
each of S activities equals the total time that each individual
" has (t,):

J
S

It =t
s=1

h = l, ssey Je

However we posit that the time in the pald work force of all individuals
in the household other than the woman is fixed exogenously by social
customs (e.g., prime age males work, small children do not) and by work

options (e.g., 40-hour weeks).



(3) The total expenditure on market goods (the n elements of

X) that are used to produce commodities Z and on contraceptives (r (u) )
is less than or equal to the sum of nonwage income (v) and market wage

earnings {for which s = m) of all household members:

n J
s Pt r(u) <v+'3 wj tjm =W th+ Yother'
=1 : j=1 :

Given the exogenousiy determined time in market activities for all but
the woman and the exogenously'given market wages for everyone, the last

Tt

sum is equal to the woman's earnings plus‘exogenous other incqme (Yother

).

(4) The pousehold biological births (b) production funétionrl -
depends upon the frequency of intercourse (é), health and nutri;ion H),
the household's consumétion of commodities (Z) and purchases of goods (X)
through thelr. impact on fecundity and the reproductive span, a vectox
of practices such as lactation (1) which affect the probability of con~
ception given exposure through intercourse, age of first cohabita;ion (C),
and the length and intensity of use of contraception (u):-

b =58 (q, Hy Zy X, L, Cy u)s

(5) The household biological infant mortality (d) function
depends on the population at risk (b), household consumption of commodities (Z)
q;;d purchases of goods (X), health and nutrition status (H), é£ility ),
and praétices such as lactation (L) which affect infagt’mortality:

d=D (b, Z, X, H, A, L).

{6) Completed family size (N) is given by the'differeﬁée “
between births (b) and deaths (d):

N=b ~d,



Each household maximizes utility with respect to these six constraints,
The solution is an optimal set 6f'endogénbus-decision'variableé for each

_ household'(Zc, XO, t, b°

, 4%, NO,'qo, 1°, v°) as functions of the variables
and functlons that the household considers to be given: goods prices (p);
wages rates (w); nonwage income (v); household technology, T; the birth.
function, B; the death function, D; the market cost function for fertility
regulation, r; ability (A); health and nutrition status (H); schooling (S);
age of firgt cohabitation (C); and the norms for the consumption of goods
(z*) and for completed family size (N*).5

We are interested in the determinants of fertility or cbmpleted
family size (No). Wg asgume that the underlying functions are sufficiently
well¥behavéd so that we can solve for fertility as a function of the
exogenous variables:

N’ = 8° (p, w, v, A, H, S, C; Z¥, N¥),

We do not have observations on market prices (p), but expect that
- éxclu&ing this vector does not cause serious omitted variable problems.
We use Yothe? to represent Fhe impact of nonlabor income and earnings

~other than from the woman, A priori we expect that the derivative with

respect to other income is positive.
. 1

H .

We do not have direct observations on ability (A), but posit tha

p—

. 1t depends on human capital investments such as those in schooling (S) f\gf
and in health and nutrition (H) and on family background (F).' We represent
an important dimension of the woman's ability by her predicted earnings

4 ) as estimated from.schooling, health and>nutritionlstatus, and work

pred
experience.6 In addition we Include as separate factors her schooling (S),

- health and nutrition status (H), and family background (¥), We do not



have strong priors on the signs of the derivatives with respect to her
predicted garnings (Ypréd)’ schooling (S), health and nutrition status m,
and family background €3] becauae of the possiblé opposing opportunity
cost versus income effects of all four variables. All of these may be .
representing effects on birth production or on infant mortality through
the fourth and fifth constraints, while at least schooling and family
background may help to determine norms for thevqonsumption of goods (Z%)
and for completed family size (N¥%),

We have observations on the age of first cohabitation (C)., We expect
that the derivative With’respect to this varidble is negative since the
younger the age, the longer the reproductive span and the largef

the number of births, ceteris paribus,

We do not have direct observations on the norms for the consumption
of goods (Z*) and for completed family size (N*). However we posit that
these norms depend primarily on schooling (S); migratory status (MIG),
marital status (M), and various family background (F). variables: presence
of male and of female raisers during childhood, occupational status of
male énd of female réisers during childhood, and number of siblings.
Because of the simultaneity problem, we 1imit our representation of the
possible Impact of peers on these norms to the inclusion of one variable
which represents median peighborhood income, We generally'do'not have
strong priors on the derivativesvwith respect to these variables, once
agéin, because they may work indirectly through ability in ways that
counter their direct impact through the norms, Nevertheless in some -

cases we expect that the direct effect dominates any indirect ones. For

example we expect that the derivative with respect to number of siblings



is positive both because of the dominance of the direct effect on norms
for family size, and possible genetic effects on.fecundity;

We should note that for completéd‘family size (N*) we have obser-
vations on two varigbles that prima-facie might seem to be directly
related to the norms: the number of children that the respondent would
have if she could begin again and the ideal Nicaraguan family size, We
are cautious about using these variables as right-hand side regressors
tovfepresent such norms, however, because of frequent hypotheses about
them being contaminated by the actual fertility experience of the respon-
dent.: But we do explore the nature of these variables in Section 5.

Qur theoretical modél énd the availability of data, thus, iead us
to the following relation for completed family sizes:

0 o]

N =N (Y , Y H, S, C; Z*, N%),

other’ “pred’

wheré the nérms are represented by the various background and neighbor- '
hood variables that we have discussed. We also include a stochastic term
to represent random elements in individual behavior. The éppropriate
functional form &épends upon all of the functions in the constraints

and the utility functiom, For simplicity we assume that it can be

approximated by a linear form.

3, MISSING VALUES OF SOME VARIABLES

We note in Section 1 thét one sense in whicﬁ our data are incomplete
is ‘that critical values of some fertility variables are missing for 83
of the 1063 women in our sample, We can write the relation that we wish

to estimate for the ith household as follows:

]

° . 1)
Ny =Wy Gl + V4o |
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where Ni is completed fertilityfor'the'ith household, Wli is a vector
of right-hand side variables which are dlscussed in Section 2, G

1

is a vector of coefficients to be estimated, and V.. is the disturbance

11
term for the 1°" household.

Howevér we do not observe the data that are necessary to estimate
relation (1) for all 1063 households. There is a selection rule that
gives the probability of providing data as a function of the respondents'
schooling, other human capital variables, marital status, and background
variables (W2i): _ |

(R:L = Wyg G+ Voo | | | (2)
where Ri is an indiéation of whether or not complete data are provided.

There are éomplete data for the ith household if and only if Ri has
a positive value. The selection rule for responding, therefore, is

Ry >0 or V,, > ‘-w‘,_i Goe - (2a)
We are able to estimate regressions for fertility only for the households
which satisfy this selection rule. In other words, for which

E (N | R, > 0) =W, G +E(V, | R >0 (1a)

Of course many studies of fertility determinants have data that are
incomplete for some respondents. The general practice is to drop such
obserQations from the sample and to estimate the fertility-relationé from
the remaining subsample of complete observations. If the expectation
of the disturbance term in the fertility relation conditional on the
selection rule for responding [i.e., the last right-hand éidé term in

relation (la)] is zero, such a practice does not cause biases. If this

conditional expectation is not zero, however, simply droPping incomplete
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observations may cause bilases, Such a practice is equivalent to excluding
the last term in relation (la) and may cause a seléctivity bias that is
akin to omitted variable bias from excluding the conditional expectation,
To our knowledge, no one who has estimated,fertility.determinénts
for developing countries has controlled for such selectivity bias. Yet
it seems to us that selectivity bias in regard to providing data is a
real possibility. A priori we think that women who are fqrmally married,
who have more eﬁucationﬁgnd other forms of human capital, and who come
from better economic backgrounds are more likely to provide data. There-
fore simply drépping women from the sample for whom data are not complete
is not likely to be random Qith respect to the fertility relation.
To deal with this aspect of Incompleteness iIn our data, we apply
the Heckman (1976) procedure for selectivity problems.7 First we estimate
a probit relation for the probability that we have complete fertility
observations for the ith household. From that probit estimite we calcu-
. late the inverse of the Mill's ratio (Ai) which can be used to control
for the selection decision about reporting fertility data since relation
" (1a) can be rewritten as

o of
E@, | R, >0) =W, G + 12 24,
1! 11 i (5,74 - (1b)

.We include the estimate of the inverse of tﬁe Mill's ratio as a regressor
in an ordinaty least squares estimate of relation (1b) under the assumption
that there also is an additive conditional distﬁrbance term with desirable
properties,

Table 1 gives our maximum likelihood estimates for the probit relation
pertaining to whether or not a woman respondé completely to the fertility-

related questions. The overall relation is gignificantly nonzero at
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standard levels, so the availability of data apparently is related to tﬁe
included characteristics of the woman; her household, and her background.
The significantly nonzero coefficient estimates suggest that women in
higher income households who are older, who have not had paraéitic diseases,
and who have cohabited previously are more likely to respond fully.
The age and previously cohabited variables may suggest that those who have
completed their fertility are more likely to respond. The coefficient
estimates also are almost at the margin of standard significance levels
for negative effects of having had therapeutically treatable diseases,
the socioeconomic status of the female raiser, having always lived in
Managua, and being currently single or in a civil marriagev(the left—put
categories).

Perhaps somewhat surprising, schooling and predicted earnings,
and almost all of the family background and neighborhood characterigtics
are clearly not significant. Therefore women with more'education, greater
ability (as represented by higher predicted earnings), or better family
background in terms éf stability or socioeconomic status are no more

(or less) likely to respond than others, ceteris paribus. The only channel

through which human capital variables for the women seem to work is associ-
ated with avoiding diseases, particuiarly of a parasitic nature.

We also are somewhat surprised that those in comﬁon law arrangements
or who have previously cohabited aré no less (and quite possibly moré)
likely td respond than ére those in religious or éivil marriages or
without previous cohabitation, Apparently the stigma, if any; assoclated
with less formal living arraﬁgementsiand wlth having had prefious living
companions does not lead to a relucﬁance to respond to questions about

fertility.
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We include the inverse of the Mill's . ratio as estimated from this
probit in our estimates below to contrxol for selectivity. We obtain
significant coefficient estimates for this variable in our preferred
relations and in a number of alternhatives, Therefore we conclude that
selectivity bias from dropping incomplete observations may be a signifi-~

cant problem in many fertility studies.

'_ 4. OUR PREFERRED FERTILITY ESTIMATES

Our model in Section 2 is of the determinants of complete family

size or fertility. However, as we note in Section 1, most of the
women In our sample are young enough that they may have further children,
so their fertility 1is not compléte. |

0f course this is a common problem in fertility studies. A frequent

. resolution is to subdivide samples by age cohorts, and sometimes to focus

We do not find such a strategy very attractive for our sample of women in
:Managua beﬁause the resulting subsample would be quite small,

Instead we concentrate on alternative approaches for which we can
use our entire sample. In our data set we have four fertility—related.
measures: current number of living children, expected number, number
if began again, and ideal Nicaraguan fémily size, Ostensibly, the

" expected number best measures fhe degired construct of cpmpleted fer—~
- vtility. However it is widely believed that this measure is contaminated
by actual fertility experience to date.

Therefore, we have more_cénfidence in working with the actual current
:number of living children and correcting for exposure and relative posi-

tion in the life cycle., Our preferred correction is the Boulier and

only on the age cohorts for whom fertility probably is basically complete,
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Rosensweig (1978) normalization of the current number bf'childreﬁ by inter-
national standaxrds for fértility patterns that are conditional on_ége of
first cohabitation and on duration since first cohabitation., These standards
reflect the average impact of biological and cultural-economic factors.
across a number of societies., We use this procedure for our preferred
estimates, which we discuss in fhis gsection, In the next section we
explore the sensitivity of our conclusions to the cholice of thls particular
procedure for controlling for iIncomplete fertility by considering what
estimates result if there is no control, if alternmative controls are
used, or if our other fertility-based measures are used.

We now turn to our preferred estimates. Column one in Table 2
giveé coefficient estimates for our fertility model with this dependent
variable.8 We discuss these estimates with referénce to the variable

groups that are suggested by our model in Section 2.

Woman's Human Capital

We are primarily interested in the coefficient estimates of those
variables and thelr Implications regarding the opportunity cost versus
the income effect of varlous human capital investments. Our estimates
suggest that higher women's predicted earnings (higﬁer opportunity costs)
reduce fertility. Therefore those human capital factors that increase
earnings indirectly reduce fertility., Thus, investments in women's
health, nutrition, on-the-job training and schooling reduce fertility
by increasing oppqrtunity cogtas in terms of predicted earnings from -
paid labor force participation.9 However there are additional significant

effects for nutrition and health (but not for schooling) beyond those
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captured by predicted earnings: For nutrition these reinforce the
dominance ef-opportunity costs and the reduction of fertility with an
improved nutrition state. For the health variables, in contrast, gfeater
prevention of therapeutically treatable and parasitic diseases directly
increases fertility through reducing subfecundity and raising overall
energy levels.’ The direct effects of those health variables, moreover,
outweigh the opﬁosing indirect effects which are captured by the predicted
earnings variables,

Therefore, our estimates for coefficients of human capital variables
suggest five important conclusions, First, a broader definition of human
capital than jusf schooling 1s useful since nutrition and health status

and dn—the—job training all also have significant direct or indirect

" effects on fertility. Second, schooling works significantly only through
‘the woman's predicted earnings, but the nutrition and health variables

" have additional direct significant impact. Thus, we do not have evidence

that schooling significantly changes costs towards children once we con-

trol for its impact on opportunity costs. Third, for schooling, on-the~job
training, and nutrition, the opportunity cost dimension dominates, so

more investment reduces fertility. Fourth; for health, the income dimension
dominates, so better health increases fertility. Fifth, increases in women's
paid labor force opportunity cosﬁs through means other than human capital
invesﬁments; such as by lessening sexual discrimination (see Behrman, Wolfe,

and Tunali, 1979), are likely to lessen fertility.

Other Income

Our estimates suggest that other income significantly increases

fertility. Thus, children are normal goods, with more being demanded
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as development occurs, ceteris paribus.-

Woman's Background

We posit that the background variables may affect norms for family
size. However we find evidence of significant effects for only two of
our background variables.

Women who migrated from other areas to Managua have an average
of 0.1 more cﬁildren ber year of exposure than do those who always have
resided in Managua; One explanation for this result is that higher norms
for family size prevail in the more traditional small cities and towns
and rural areas than in Managua, and these immigrants into Managua tend
to‘have hiéher ﬁorms than women who always have resided in Managua.

A second explanation is that opportunity costs for having children are
lower outside of Managua (see Behrman, Wolfe, and Blau, 1980), and
immigrants have not adjusted completely to the higher opportunity costs.

| The other significantly nonzero coefficient estimate is the negative
one for the occﬁpational status of the mother (or other feﬁale raiser)
of the woman. We interpret this estimate to mean that family size norms
of a woman have begn affected inversely by the impact of the opportunity .
cost of her mother. This is an interesting intergenerational
woman's opportunity cost impact on fertility. But we do not

find evidence of an impact of the number of children that a woman's
mother actually had (i.e., number of the woman's siblings); once we

control for her mother's occupational status,
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Marital Status

The coefficient estimates for the marital status variables
basically suggest that women with greater expoguxe.to conception tend
to have more children., Such a result is consistent with the EPW

emphasis on natural fertility, but alse with a model in which women

who have greater tastes for children are more likely to have been
accompanied at the time of our survey. On an a priori basis we thought
that the type of accompaniment might make a difference since women in a
religious marriage might have more security and might be more children
oriented than women in common law arrangements. However our estimates
imply no éignificant effect of this difference in the institutional

arrangements of the accompaniment on fertility.

Age of First Cohabitation

In our model of complete fertility in Section 2 we include the age

of first cohabitation to reflect the extent of exposure to intercourse,

0f course the Boulier and Rosensweig (1978) procedure purports to control

for age of first cohabitation, so it might be reasonable to exclude

this variable for cases in which we use their procedure. In fact we have

~ estimated our model both with and without this variable, We report the estimates

with it because the coefficient estimates of the other variables hardly

change when it is introduced, and its coefficient estimate is of some interest.

If the Boulier and Rosenswelg procedure corrected exactly for the
age of first cohabitation, we would expect to find an insignificant

coefficient egstimate for this variable, That we obtain a significantly
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positive estimate of this coefficlent suggests that the Boulier and
Rosensweig normalization by intermational standards overcorrects for
the effects of the age of first cohabitation, However, as we note above,

the impact on other coefficient estimates is not substantial.

Response Selectivity

The coefficient estimate of the inverse of the Mill's ratio is
highly significant, Thils means that selectivity into the sample is
not random, but is determined significantly by the decision rulé that
we estimate in theAprevious section., The failure to incofporate the
decision rule into the estimator, therefore, might cause selectivity bias

in the estimated ccefficients of our fertility model,

5. ALTERNATIVE TREATMENTS OF THE INCOMPLETE FERTILITY PROBLEMS

In this section we consider some alternatives to the Boulier and
Rosenswelg (1978) normalization by international standards for the control
of incomplete fertility. Table 3 gives the means, standard deviations,
and correlations among our preferred Boulier and Rosensweig variable and
eight others. These eight include- each of the four fertility-related
measures which we mention at the start of the previous section and each
of the same four variables normalized by duration of exposure (l.e.,
years since first cohabitation). In the regression context the latter
normalization is equivalent to a multiplicative control since every term
on the right-hand side effectively is multiplied by duration. A common

alternative is an additive control for duration, which we also consider

in our regression estimates.
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Before we turn to some regresgion estimates, we conéider the cor-
relations in Table 3., The most striking aspect of these statistics is
the low correlation between the Boulier and Rosensweig alternative and
seven of the other eight measures, Only the correlation with live
children/duration at 0.47 is higher than 0.,20. This suggests that if
the Boulier-Rosensweilg alternative is a good control for incomplete
fertility, most of the other measures (with the possible exception noted
above) probably are not. Therefore estimates based on them may be quite
misleading regarding the impact on fertility of human capital investments
in women,

.A related point 1s that the expected number of children, which
supposedly might represent best completed ferﬁility, is very highly
correlated with the current number of live children (0.90) and hardly
correlated at all with the Boulier and Rosenswelg measure (0.09).

Since many of the women in our sample are early in their childbearing
years while others are near the end, we think that this pattern reflects

the great inadequacy of the expected number as a proxy for complete fer-

‘tility. Because the expected number is so contaminated by experience

to date, it becomes a good proxy for complete fertility only near the end
of the childbearing years--at which time, of course, it is not very
necessary since actﬁal number of children aiso almost approximates
completed fertility.

'We also note that most of the other relatively higher correlation
coefficients are between one of the original four fertility-related
measures and the same measure noxmalized by duration., Such a paftern is

hardly surprising. What is of interest, however, is that this pattern
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does not hold for current live children., The correlation between current
live children and live children/duration is only .13, In this case,
apparently controlling for duration leads to a measure with much different
variation than the actual number of children, as we would expect if such
a control leads to a good proxy for completed fertility in a sample

with a wide range of ages.

We now discuss regression results with various dependent variables
from the eight alte;native measures and with and without additive
controls for duration. To present and to discuss in detaii all of the
permutations of estimates which we have obtained would be very long and
tedious, so we only focus on the following important summéry findings.

No_control for incomplete fertility may contribute to quite misleading

estimates, In column two of Table 2 we give the estimates with current
live children as the dependent variable and with no control for duration;;‘;;g
“\ .

The contrast with our preferred estimates in column one is sharp. The
signs of the estimated coefficients of all of the woman's human_gapital
variables are reversed (except for nutrition), as is the sign for other
income. The Iimplications that fertility increases as women'é opportunity
costs rise and that children are an inferior.good with respect to other
income are not credible on a priori grounds nor comnsistent with most
avallable estimates. They 1llustrate well the pitfalls of not con-
trolling for incomplete fertility,

Control for incomplete fertility by normalization by duration works

well, but additive control for duration does not, In columns thréé‘

and four of Table 2 we present estimates with current live children as the
dependent varisbles and with control by adding duration and by normalizing

by duration, respectively.,



21

The estimates with control by normalization by duration are quite
similar to our preferred estimates In column one, The signs of the
significant coefficients are the same and the implied elasticities are

almost identical.lo Therefore this alternative leads to the same impli-

cations as does the Bouller and Rosensweig procedure, Although it is

a priori a somewhat less elegant way of controlling for incomplete
fertility,;if our finding that it leads to the same results 1s robust,
it may be preferable since it 1s somewhat easier to implement.

The estimates with control by adding duration as a right-hand
side variable, however, differ in some important respects from our
?referred estimates., Some of the signs of important coefficients are
different and/or insignificant (e.g., other income, woman's predicted
income).

For our other measures, the patterns are similar to those that we

obtain with dependent variables based on current live number of children,

The estimates for dependent variables expected number, if could begin again,
and ideal Nicaraguan family size differ sharply from our preferred ones if
there is no control.for incomplete fertility, If there is additive control
for duration, they still differ in some important respects. If there is
normalization by duration, they are very similar in sign and in impli-
gation to the preferred estimates, The most noteworthy difference

is that ﬁhe coefficient estiméte of schooling indicates a significantly
positive impact on fertility (instead of the insignificant positive one

in column ene), once thefe is‘controi for the negative effect of schooling
(larger in absolute value) through the woman's oﬁportunity costs in

terms of her predicted earnings. But much more important than such
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differences are the quite striking similarities in the pattern of co-
efficient estimates, despite the generally low correlations among the
dependent variables in Table 3, This robustness reinforces our confidence

in our preferred results,

(although.not all--see column three in Table 2 for an exception) of

our regressions, the estimated coefflcients of the response selectivity
terms are definitely significantly nonzero., This pattern, once again,
reinforces our conclusion that thg common practice of simply drop-

ping incomplete observati&ns may~1eéd to selectivity bias in the

coefficient estimates.

6. CONCLUSIONS

We consider two semnses in which our data are incomplete which may
affect our estimated impact of human capital investments in women on
their family size.

The first sense of data incompleteness relates to éelectivity into
the saﬁple. FWe find evidence that older women from higher income house-
holds with better health (but who have changed male companions) are
more likely to provide the necessary fertility-related data. The

significance of such. factors in determining whether or not we have fertility

data reinforces the possibility of selectivity bias in the fertility relations
because a priori we would expect to find some of these same variables to be impor-
tant in fertility determination. Our estimation of our fertility model with

the incorporation of such a selectivity possibility generally leads to
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significant coefficients for the selectivity terms. Therefore the common practice
of simply dropping incomplete observations before estimating fertility relations
may lead to selectivity biases in the coefficient estimates.

The second sense of incompletenéess pertains to the use of data
relating to incoﬁplete fertility to estimate the determinants of completed
fertility. On a priori grounds we prefer the Boulier and Rosensweig (1978)
normalization of current number of childrén by international standards
coﬁditiqnal‘on age and duration of exposure to control for incomplete
fertility, But we also explore a number of alternatives. From this
investigation we conclude that the failure to control adequately for in-
coﬁplete fertility may contribute‘to very misleading'results; We also conclude
that for our sample, normaiization by duration since first exposure gives
basically the same estimates as does the Boulier and Rosensweig procedure.
If this finding is robust across samples, control for incomplete fertility
by normalization for durationbmay be preferrable to the Boulier and Rosensweig
procedure since it is easier.

We now turn to substantive conclusioﬁs about the determinants for
fertility for women in Managua. We do not find much statistical support

for the EPW extension of the fertility model to include endogenous tastes.,

We do find support for important roles of variables that traditionally

have been emphasized by economists. Other income has a significantly A .

positive effect, which means that family sizes would increase with
development if child costs were constant., However child costs are not
likely to be constant because of changing market pricesvénd ofﬁortunity
costs. Fér example, our estimates imply that increased earnings poésibili—

ties for women raise the opportunity costs of having children and reduce

-significantly fertility.
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Of course this is a standard result in regard to the impact of schooling
for women on fertility. But we emphasize that it holds for a broader
than usual definition of human capital which includes health and nutrition
and on~the-job training in addition to schooling. Moreover it implies
that reduced sexual discrimination in the labor market also would induce
lower fertility.

For human capital investments in health and nutrition, furthermore,
our estimates suggest the existence of additional effects beyond that
representedvby earnings from labor force participation, TFor nutrition
the additional impact is to reinforce the opportunity cost dimension of
more human cgpitgl by lowering fertility. On the other hand improved
healthvpn net increases completed family size, apparently because of
inpreaseQ fecundity, lengthened reproductive spans, and increased energy.
For our sample_at least, these human capital effects are more robust than
are,those for the investments in schooling that usually are emphasized.
Biological human capital may be more important than mental human capital.
These results support the EPW extension of the fertility model to include
biological factors. Since many policies in developing countries are
directed prards changing health and nutrition status without reference
to possible effects on fertility, we think that further exploration of
the link between such human capital investments in health and nutrition

may have high payoffs in terms of better policy design.
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Table 1 Probit Estimates for Complete Responses
for Fertility Data from 1063 Women

in-

Managua, - 1977

Coefficient Estimated Coefficient

Variables Estimate o Estimated Standard Deviation
1. Woman's Human Capital -
Woman's Predicted Earnings -.68 -0.8
Schooling . .021 0.6
Nutrition (Protein) -.15 -0.8
Had Therapeutically Treatable Diseases -,18 -1.3
Had Parasitic Diseases -.29 -2.4
2, Other Income 027 2.3
3. Background
Male Raiser Present .026 0.1
Female Raiser Present +265 0.7
Male Raiser Occupational Status ~.068 0.1
Female Raiser Occupational Status -1.09 -1.3
Number of Siblings -.007 -0.3
Always in Managua -.186 -1.5
Monthly Church Attendance -.017 0.7
Neighborhood Median Income ~,000 0.1
Neighborhood Population Density -.001 0.4
4. Marital Status
Religious Marriage .27 1.5
Common Law Marriage “e27 1.6
Previous Cohabitation .38 1.9
5. Age .032 3.4
. Constant .78 1.5

-2 Log Likelihood Ratio = 40.7
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Pertility Model Regressions®

Dependent Variables

Current Children

International Standards

Current Children

Right-Hand Variables (Boulier & Rosensweig) Current Children Duration
(1) (2) (3) 4)
l, Woman's Human Capital
Woman's Predicted Earnings ~.61 4.39 ~.66 -.32
(2.3) (5.7) (0.8) (2.7)
Schooling .02 -.20 -.01 .0l
(1.6) (6.8) (0.3) (2.2)
Nutrition (Protein) ~e17 ~.25 =-.31 -.08
(3.3) (1.7) (2.1) (3.3)
Had Therapeutically Treatable -.11 .66 -.26 -.04
Diseases (2.2) (4.9) (1.8) (2.1)
Had Parasitic Diseases -.27 1.59 -.03 ~.13
(5.9) (11,9) (0.2) (6.2)
2. Other Income 09 -.12 -.17 .05
(2.6) (11.8) (1.4) (3.2)
3. Background
Male Raiser Present L) -.23 -.26 .05
{1.5) (0.9) (1.1) (1.2)
Female Raiser Present .20 -2,05 -.29 .10
(1.5) (5.3) (0.8) (1.7)
Male Raiser Socio-Economic Status -.00 .01 .01 ~-.00
(1.0) (0.9) (1.2) (0.7)
Female Raiser Socio-Economic Status -,01 .07 .01 -.00
(2.3) (7.7) (0.8) (2.4)
Number of Siblings .00 .05 .03 ".00
\(0.2) (2.6) (1.6) (0.5)
Always in Managua -.10 .83 =-.07 -.05
(2.4) (6.7) (0.5) (2.6)
Neighborhood Median Income -.00 -.01 -.00 -.00
(1.0) (1.9) (1.1) (1.0)
&. Marital Status
Religious Marriage .19 -1.15 14 .09
(2.8) (6.0) (0.7) (2.9)
Common Law Marriage .17 -1.63 -.08 .08 -
(2.8) (9.4) (0.4) (2.9)
Previous ‘Cohabitation .13 -2.52 -.76 .06
(1.7) (11.7) (3.1) (1.8)
5. Age of First Cohabitation and
Duration
Age of Firat Cohabitation .04 ~.19 .00 .02
(7.1) (10.4) (0.1) (6.8)
Duration .21
(12.9)
6« Response Selectivity 2.72 -22,85 -.13 1.32
(7.1) (20.8) (0.1) (1.7)
Constant =17 10.50 1.8 -.10
(0.9 (20.3) (2.1) (1.2)
&2 .09 .40 .49 .10
Standard Error «59 1.69 1,57 .26

Sabsolute value of t statistics are beneath present estimates In parentheses.

in each regression. Column one gives the preferred estimates (see text).

980 observations are used
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Means, Standard Deviations, and Correlations
Among Alternative Fertility Measures for

Standard (Boulier and
Rosensweig)

Current Live Children
Live Children/Duration

Expected Number

If Could Begin Again

Duration

Mean

980 Womeén in Managua. 1977~
(1) (2) (3) %) () (6) ) (8) (9)
Live Children/International @B . W47 .13 1.0
(2) 140
(3) .12 1.0
(4) .09 .90 .13 1.0
Expected Number/Duration (5 16 =-.27 .60 -.06 1,0
6) -.06 .13 =-.04 .23 ~-.06 1.0
If Could Begin Again/Duration  (7) .03 -.43 .36 -=-.25 .86 .22 1.0
Ideal Nicaraguan Family Size (8) -,02 ,19 .02 .33 .01 .38 =-.01 1.0
Ideal Nicaraguan Family Size/  (9) .06 =,45 44 -,29 .87 -.00 .89 .09 1.0
.78 3.2 .35 3.8 .54 2.3 .40 3.0 .52
1.1 2.2 .28 2,0 .57 1.1 .52 1.0 .61

Standard Deviation
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lWilliams (1974) surveys many of these estimates,

2See Behrman, Wolfe, and Tunali (1979), Behrman and Wolfe (1979,
1980 a,c,d,e,f,h,i), and Behrman, Wolfe, and Blau (1980).

3Another approach that attempts to incorporate biological con-
siderations into the analysis of fertility is the use of "renewal models"
that seek to account for fertility through factors such as age at sexual
union, frequency of intercourse, probability of conception, length of
the nonsusceptible period, and duration of reproductive union. See
Crafts and Ireland (1976), David and Sanderson (1976), Keyfitz (1971),
Leriodon (1976) and Michael and Willis (1976). EPW claim to be concerned
with the more basic variables that underlie the intermediate variables
in these renewal models.,

For an exploration of the determinants of schooling, age of first cohabi-
tation, household demand for nutrition inputs, migratory status, wages,
and health utilization, see Behrman and Wolfe (1980 a,b,c,d,e,g,h,i),
Behrman, Wolfe, and Tunali (1979), Blau (1980), and Wolfe and Behrman (1980).

5EPW argue that different subsets of these relations apply to
different households, depending upon whether fertility is determined
entirely by the biological birth production function at one extreme,
entirely by preferences and related constraints in a "perfect contra-
ceptivé" manner at the other, or by some intermediate combination. In
this paper we assume that all households are in the intermediate cate-
gories. In Behrman and Wolfe (1980f) we explore the relevance of
the EPW categories for a broader nationwide sample that includes many

women from rural and small-town areas for whom the biological birth
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production function a priori might seem to be much more trelevant than
for our present sample of Managuan women.

®rhe underlying estimates control for labor force participation due
to the presence of small children, so there is not a selection bias nor
a simultanéity problem, See Behrman, Wolfe, and Tunali (1979).

7An alternative approach would be to use a nonlinear maximization
procedure to estimate the parameters that maximize the likelihood of
obtaining complete fertility observations for the subsample of 980 women
-and incomplete observations for the other 83, We choose the Heckman
procedure, however, because it is computationally easier and still con-
‘ sistent, although less efficient than the maximum likelihood alternativé.

8Although chiidren come only in positive integer values,‘ﬁe use
ordinary least squares procedures and do not worry about this aspect of
the dependent variables in our regressions. We do so because the range
is fairly large, because we do not want to further complicate our esti-
mation technique, and because this gives us more comparability with other
studies. |

9Once again, the predicted earnings are based on the estimates in
Behrman, Wolfe, and Tunali (1979).

lOThe absolute magnitudes of the estimates in column four are about

half of those in column one, but the implied elasticities at the point
of means are about the same since the mean for the dependent variable
for column one is about twice that for the dependent variable in column

four (see Table 3).
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NOTES

lWe will assume that all households face the same prices; quantity

measures are transformed to set prices equal to 1.

2 . e - .
In the case H household characteristics are distinguished, one

vector Gi of length H should be prespecified.

.

= i = i ’ » : =
For Pi 1, i 1,N, the intercept for a couple equals a + Zl T Ji.

3

4
The factors 2a0, Zal,

See LM equation (5'").
5Stemming from an augmented Linear Expenditure System estimated by

Abbott and Ashenfelder (1976). 1IM treat these elasticities as constants. .

6 . . ,
These expenditures and income data are estimates based on 'reduced-
form" expenditure functions (income is not a variable in these functions)

and income functions based on individual personal characteristics.

7See Lluch et al., 1977, for the additional assumptions needed to

derive at this, result.

8.. ‘

Since the scales turned out to be about the same for a large range
of values of U, only one scale 1s given. More detailed information in
a paper discussing the equivalence scale derived is available from the

author.

etc. in LM's equation (9) are probably a mistake.





