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.4N EMPIRICAL, ANALYSIS O F  LIFE CYCLE FERTILITY AND 
FEMALE LABOR SUPPLY 

This paper examines household fertility and female labor supply over the life cycle. We 
investigate how maternal time inputs, market expenditures on offspring, as well as the 
benefits they yield their parents, vary with ages of offspring, and influence female labor 
supply and contraceptive behavior. Our econometric framework combines a female labor 
supply model and a contraceptive choice index function. It also accounts for the fact that 
conceptions are not perfectly controllable events. Using longitudinal data on married 
couples from the Panel Study of Income Dynamics, we estimate these equations and test 
alternative specifications of the technologies governing chld care. Our findings suggest that 
while parents cannot perfectly control conceptions, variations in child care costs do affect 
the life cycle spacing of births. Furthermore, our results demonstrate the gains of modelling 
the linkages between female labor supply and fertility behavior at the household level. 

KEYWORDS:Fertility, female labor supply, life cycle models, c l l d  care costs. 

1. INTRODUCTION 

THEMODERN APPROACH to population economics has emphasized the importance 
of variation in the value of time to explain the observed changes in fertility 
patterns at both the aggregate and household levels. Applying the principles of 
consumer demand theory, this line of research has espoused the view that family 
size is the result of parental choice constrained by financial and time constraints. 
In particular it has been argued that variation in the opportunity cost of parental 
time in child care helps determine the observed fertility patterns in modern 
industrial societies. (See Mincer (1963), Becker (1965), Willis (1973), and Butz 
and Ward (1979).) 

Much of this research has been based on theoretical and econometric models 
of completed fertility demanded by parents over their lifetimes. But, as has been 
noted by several authors (see Namboodiri (1972) and Heckman and Willis 
(1976)), there are important objections to these static models of fertility. Such 
models ignore the durable and irreversible nature of children as consumption 
goods, the stochastic nature of the human reproduction process, as well as the 
uncertainty and variability in parental income streams and market wage rate 
realizations over the life cycle. These considerations highlight the inherently 
sequential nature of fertility decision making and suggest the potential value of 
focusing on the timing and spacing of births over the life cycle in analyzing 
household fertility behavior. 

'We have benefited from the comments of hcardo Barros, Angus Deaton, Robert Moffitt, Mark 
Montgomery, Thomas Mroz, James Walker, Robert Willis, and two anonymous referees as well as 
participants in workshops at ANU, Carnegie-Mellon, Chicago, Duke, McMaster, Monash, Penn, 
Princeton, SUNY-Stony Brook, University of Washington, Western Ontario, and Yale on previous 
drafts of this paper. We especially wish to thank Kim Balls for h s  able research assistance and for his 
comments. This research was supported by NICHD Grant R23HD16049. 
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In thls paper, we adopt a dynamic approach to analyze both fertility and the 
related life cycle labor supply behavior of married women. We investigate how 
maternal time inputs, market expenditures on offspring, as well as the benefits 
they yield their parents, vary with ages of offspring and influence female labor 
supply and contraceptive behavior. The empirical specifications adopted below 
enable us to investigate these linkages between fertility and other household 
allocation decisions over the life cycle and test various hypotheses, previously 
maintained in the literature, whch relate to the parental provision of care to their 
offspring. 

A consistent finding in empirical studies of female labor supply is the impor- 
tance of variation in the number and age distribution of children on hours of 
work and labor force participation for this group. (See Mincer (19621, Cain 
(1966). Heckman (1974), and Schultz (1978).) In addition, the number and age 
composition have also been found to have significant effects on household 
expenditure patterns. (See Pollak and Wales (1980), Espenshade (1984), and 
Deaton and Muellbauer (1980).) Hill and Stafford (1980) have found that the 
time intensity of maternal time inputs to children markedly decline as children 
grow up. All these studies treat children as exogenously imposed constraints on 
household decision making. Our analysis departs from this latter approach by 
recognizing that such constraints are chosen by parents indirectly via the con- 
traceptive strategies they follow over their lifetimes. 

We use longitudinal data on households obtained from the Panel Study of 
Income Dynamics (PSID). In addition to information on birth histories, female 
labor supply, income, and wages, our analysis exploits a measure of how much 
time each interviewed mother spent tending her children. This latter information 
enables us to estimate directly the mother's child care process. The econometric 
framework combines a female labor supply model, similar to those developed by 
Heckman (1974) and Heckrnan and MaCurdy (1980). with an index function to 
explain contraceptive practice. Although information on contraceptive use is not 
collected by the PSID, our framework nevertheless accounts for the fact that 
birth control measures sometimes fail, and that conception does not necessaril: 
occur as soon as couples stop contraception. In the empirical analysis, we contro 
for several sources of unobserved heterogeneity across households in the estima. 
tion of the female labor supply equation and the contraceptive choice inde~ 
function. Several specifications for the maternal time and money devoted to tht 
rearing of offspring are estimated and tested. We explore the ramifications o 
these different specifications for characterizing life cycle household fertilit! 
behavior. 

A number of findings emerge from our investigation. First, the restriction 
implied by linkages (due to chld care costs) on observed life cycle fertility an( 
time allocation patterns are not rejected. We find the intensity of child care in thc 
mother's time (relative to other inputs) declines as the children age. Moreove~ 
the mother's time spent in chld care has a significant negative effect on th, 
likelihood of having another birth as well as tending to reduce the mother's lab0 
supply. Second, increases in the father's income significantly increase the prob 
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ability of another birth. The latter finding is of interest given the frequently 
found negative association between measures of husband's income and com-
pleted family size in many previous studies. (See, for example, Willis (1973).) 
Thlrd, our estimates show that whle the timing of births over the life cycle is not 
perfectly controllable, the effects of the spacing decisions by parents, via their 
contraceptive practices, are detected in the data. 

The paper is organized as follows. The next section lays out the empirical 
specifications for household contraceptive choice, female labor supply, and child 
care costs used in our empirical analysis and discusses strategies for estimation 
and hypothesis testing. Then in Section 3, we describe the sample used and 
present our empirical results. We present estimates, and associated test statistics, 
for several alternative specifications of how parental child care affects female 
labor supply and the timing of births and plots that illustrate the implications of 
these alternative specifications for the hazard function of births. 

2. AN EMPIRICAL SPECIFICATION 

In this section, we present an empirical specification of female time allocation 
and fertility over the life cycle whch accounts for linkages between these 
household decisions and which can be estimated with household panel data. We 
limit our analysis to continuously married couples who have at least one child.2 
Three components comprise the econometric framework. The first is a specifica- 
tion of the mother's labor supply as well as an equation characterizing her market 
wage rate over time. The second component models the observed sequence of 
births over the life cycle in terms of an index function determining parental 
contraceptive decisions and the probabilities of conception associated with these 
decisions. The thrd  component characterizes the costs to the parents of caring 
for their offspring which affect both the mother's labor supply and fertility 
decisions. 

We first consider the mother's labor supply function, the index function 
governing her labor force participation and the exogenous process governing her 
market wage rate. Consider the ith household and index time periods according 
to the mother's age, t , .  Let d l ,E { O , 1 )  indicate the mother's participation in the 
work force at age t , .  If d,,  is zero, she specializes in nonmarket activities; if not, 
her hours of work are denoted by h,,. For a mother participating in the labor 
force at age t , ,  h , ,  (and the associated condition governing her labor force 
participation decision) is assumed to be a linear function of her husband's 
income, y,,, her market wage rate, w,,, her time costs in rearing existing children, 

* Since we are primarily interested in marital fertility, we have not modelled marital formation and 
dissolution. Restricting the sample to continuously married couples may induce a form of selection 
bias in our empirical analysis. To the extent family formation and dissolution decisions are correlated 
with childbearing decisions, via time-varying factors not observed by the econometrician, our 
estimates may not yield valid behavioral inferences about fertility or female labor supply. Because our 
focus is primarily on the influence of chld care costs on the timing of births and female labor supply, 
we only model the timing of birth parities higher than the first. Thus, caution must be exercised in 
projecting our results beyond households with intact marriages which bear at least some children. 
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c,,, expenditures on market goods for her children, a,,, and a disturbance term, 
u,,,. Thus the labor supply specification is given by 

1 when q ly l ,+ T ~ w , ,+ q3C1,+ q4al,  -Ul~r '  

0 when qly , ,+ q2w1,+ 93c1,+ T4alt< - u l ~ r ,  

We assume the process generating husband's income is exogenoub. The process 
governing the mother's market wage rate is assumed to be a linear function of her 
age, age squared, and a stochastic component, u,,,. That is, 

The above formulation of female labor supply and the female market wage 
process closely resembles previous formulations found in the literature (such as 
Heckman (1974)). However, we explicitly model the influence of chld care costs 
on the female's labor supply decisions. The inclusion of child care costs in our 
labor supply specification is motivated by empirical findings that the number and 
age distribution significantly affect married women's labor supply behavior. To 
characterize the relationshp between the number (and ages) of offspring and 
such costs, consider the following representation of maternal time and market 
goods devoted to the care of existing chldren. Let b,, measure birth events for 
the I th household when the mother is t, years old, where b,,= 1 when a birth 
occurs and is zero otherwise. With respect to market goods used in the care of 
children, suppose a k year old child requires expenditures of #,. Then a,, is 
gven by 

Similarly, assume that children of age k receive y, units of the mother's time 
inpuk3  Then c,, is given by 

Equations (2.4) and (2.5) nest several specializations of child care costs (or the 
associated chld  care technology) considered in the literature. With respect to 
market input expenditures, some studies of the cost of children, such as 
Espenshade (1984), find that #, rises as chldren age; other studies, such as 
Gronau (1986), cannot reject the hypothesis that such costs do not vary with age, 
that is. 4, = $, for all k. .4s noted above, Hill and Stafford (1980) find, using 
data from time diaries, that maternal time devoted to chld care declines as the 
chldren age. To capture t h s  latter pattern, suppose that the demands a child 
makes on its mother's time declines geometrically with its age, so that y, = y16k-' 
for all k ,  where 0 < 6 < 1. Then the mother's total child care time commitment 

We assume that the father spends no time in the rearing of h s  offspring 
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when the mother is age t ,  is 

In the empirical analysis below we examine the validity of these alternatives via 
their influences on the mother's labor supply behavior and the household's 
contraceptive choice^.^ 

To account for the possibility that the disturbances in (2.2) and (2.3) contain 
both persistent and transitory components, we assume that the distribution of 
(u,,,, u,,,) is characterized by an error components structure. We assume that u,,, 
and u,,, can be written as5 

where K ~ ,and K,, are household specific permanent components and u;, and u,*,, 
are independently and identically distributed (across both i and t )  transitory 
components having zero means and covariance matrix, 2, with elements a,,, a,,, 
and a,,. The former components can be viewed as reflecting permanent unob- 
served differences across women in tastes for market work versus homemalung 
and/or productivity in the two sectors. In our empirical analysis, (u;,, u t , )  is 
assumed to have a bivariate normal distribution. Following Heckman and 
MaCurdy (7 980), the vector E ,  = (K,,, K,,)' is treated as a fixed household-specific 
set of parameters to be estimated. The advantages and disadvantages of treating 
these latter components as fixed effects are discussed below. 

The third component of our econometric specification characterizes fertility 
behavior. Consistent with mathematical models of human reproduction (such as 
Sheps and Menken (1973)), we assume that birth outcomes are stochastically 
controlled by contraceptive measures taken by parents. In each period, parents 
make contraceptive choices based on their current assessment of the net benefits 
of having an additional chlld. We assume their assessments depend upon the 
husband's current income, the factors (both observed and unobserved) governing 
the wife's future wage prospects, her tastes for work, and the costs of rearing 
existing offspring. In addition to these factors, parental desires for having a birth 
when the mother is t, years old also depend upon the utility or services derived 
from existing children. Hence the couples' contraceptive decisions will depend 

Our specifications for child care costs ignore two issues which have been examined in the 
literature. First, they imply that the child care process e h b i t s  constant returns to scale in the number 
of existing children. The evidence on the importance of such scale economies is mixed; Lazear and 
Michael (1980) find evidence of large scale economies whlle Espenshade (1984) finds them to be small. 
(An additional child results in reduction of the marginal expenditures of only around 5 per cent.) 
Second, by assuming that the coefficients in (2.4) and (2.5) are fixed weights, no substitution is 
allowed between market and maternal time inputs in the care of chldren. Below we report test results 
for thls latter source of misspecification. 

Clearly, the specification in (2.7) does not capture all forms of intertemporal persistence in the 
typical household's disturbances. For example, it does not account for an autoregressive structure on 
(" l ,r  ~ 2 ) r ) .  
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upon their childbearing history. Given a particular choice, births occur stochasti- 
cally at each age, with the probability of occurrence depending upon that choice. 

More precisely, we assume that parents' contraceptive decisions are char-
acterized by an index function, v,,, of the following form: 

The mother's age, t,, is included in (2.8) to account for the fact that women at 
different ages have different market wage prospects given the age trend in their 
market wage opportunities. The influence of the mother's age on contraceptive 
decisions may also reflect the fact that parental desires for children differ 
depending upon the amount of time left before the wife reaches menopause and 
is no longer fertile.6 The influence of the parent's current birth history on v,, is 
captured by separately including lagged births in (2.8). Previous studies of the 
timing of births (such as Wolpin (1984) or Hotz (1980)) have assumed that the 
utility or services parents receive from existing children are age-invariant, i.e., 
they only depend upon the number of existing chldren. T h s  amounts to 
assuming that v4, = v,,, for all k.Our empirical analysis examines the validity of 
this assumption. 

Let p,, denote the probability a birth occurs to the ith household when its 
mother is ti years old. Those parents who desire a birth, when the mother is t, 
years old, will attempt to conceive (i.e., will choose not to contracept); they will 
be successful with probability F .  Those who wish to avoid a birth, when the 
mother is t, years old. will choose to contracept, but with probability p an 
unwanted birth occurs nevertheless. Given the value of v,,, the probabiliiy of 
conception is governed by the following rule: 

{f when v l r> 0, 
(2.9) p when v,,< 0. 

An interpretation of the above equations can be motivated by a more explicit 
model of parental choice over the life cycle.7 Suppose parents derive pleasure 
from their offspring and the consumption of a composite commodity. The 
commodity is produced from time spent in homemalung and inputs purchased 
with the household's income. Offspring are also nurtured with parental time and 
traded inputs, and yield service flows to the household, all of whch are age 
dependent. Reproduction is stochastic, albeit controlled to some extent by 
contraceptive measures taken by the parents. Real wages facing the parents are 
modelled as exogenous stochastic processes, and furthermore the father special- 
izes in market activities. Each period the parents choose a level of contraception, 
and the mother's time is allocated between child care, homemaking, and labor 

See David and Mroz (1986) for a model of the timing and spacing of births in which the amount 
of time remaining in a couple's reproductive career is shown to differentially affect their probability of 
conception. 

'This model is developed in Hotz and Miller (1986). 
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market activities. Their decisions sequentially maximize the expected value of an 
intertemporally additively separable utility function, subject to the constraint 
that expenditure does not exceed joint market income in any period. The 
specifications in (2.1), (2.21, (2.8), and (2.9) are linear approximations to the 
optimal decision rule for thls problem. 

We now consider strateges for estimating the identifiable parameters in this 
model. As described in the next section, our sample consists of households 
headed by married couples for which we observe a segment of their life cycles. 
Let 1, be the ith mother's age when the household enters the sample and let i, 
denote her age at the end of the segment. At each age from f i  to i,, we observe 
the following: whether the mother participated in the labor force and, if she 
worked, her hours of work and market wage rate; the husband's income; whether 
the household had a birth; and the number and ages of chlldren born to the 
parents as of 1,. We also have, in one year of the panel, a measure of the mother's 
time devoted to child care. Unfortunately, we do not have direct observations on 
the contraceptive actions parents took or any good measures of expenditures on 
child care. We establish below what parameters can be identified, and thus 
estimated, with this data. 

Substituting the right-hand sides of (2.4), (2.5), and (2.7) for a,,, c,,, and 
(u,,,, u,,,), respectively, equations (2.1), (2.2), (2.3)' and (2.8) can be written as 

-
1 when h,, 2 -ell,, 

dlt = 
0 when i,,< -ellt, 

where 

and FJ& = vJ, for j = 0,. ..,9. The maximum number of lagged births included 
in the mother's labor supply and the household's contraceptive index functions is 
K, the age of the oldest child observed in the sample. The disturbances, el,,, E,,,, 
and e3,,, in (2.10) are normally distributed and defined as 



98 V .  JOSEPH HOTZ A N D  ROBERT A. MILLER 

with covariance matrix, Q, in which the elements are 

Given realizations for the husband's life cycle income sequence, the stochastic 
process for (uli,, u2,,) and the conception probabilities, (p ,p), generate, via the 
laws of motion in (2.4) and (2.5), a probability distributionfor the ith household's 
life cycle sequence of births, the mother's market wage rates, and her labor 
supply. Because of the error components specification of (u,,,, u,,,) given in (2.7), 
in which (u:,, u;,) is serially uncorrelated and IC, are treated as parameters, the 
ith household's contribution to the conditional likelihood function for the 
sequence of outcomes over the interval (g , ,  ii), given its birth hstory as of ti, 
husband's income, and IC,, takes the form 

Treating IC, as a vector of fixed effects has several advantages over a random 
effect specification. The latter approach requires one to specify a parametric 
distribution for IC,. To use a random effects specification, one must estimate the 
marginal probability distribution of the birth sequence prior to f , ,  since IC, and b,, 
are not independent. One also would have to parameterize the probability density 
function governing the father's income process in order to characterize his 
income in the pre-sample period. The fixed effects approach avoids the difficulties 
associated with t h s  initial conditions problem as well as the need to make further 
distributional assumptions. 

In principle one could exploit (2.14) to form the full information maximum 
likelihood (FIML) estimator; in practice, this is computationally burdensome. To 
see ths,  consider the probability that at age ti, the ith mother does not 
participate in the labor force and a birth occurs. Since we do not observe whether 
the birth was desired or accidental, both possibilities must be properly accounted 
for in the probability. That is 

= Pr(b,, = 1Id,, = 0, v,, 2 0) 

(2.15) 	 +Pr (b,, = 1Id,, = 0, v,, < 0) 

x ~ r ( d , , =0, ~ , , < o I  Y,,. K , ){ b , , t - k ) t = 1 5  
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where @ Z ( ~ l .  p) is the bivariate standard normal distribution function for the E ~ ;  
random variables ( E , .  E,) with correlation coefficient p. Repeated calculation of 
such bivariate distribution functions is computationally expensive. In addition, 
observe that the log-likelihood function for the FlML estimator requires one to 
compute, for each observation, the log of the expression in (2.15) consisting of 
linear combinations of bivariate distribution functions involving almost all the 
model's parameters. 

To avoid t h s  computational burden. at some loss of asymptotic efficiency, we 
use an alternative estimation strategy. In particular. we form generalized methods 
of moments (GMM) estimators using the score functions for likelihood functions 
associated with each of three separate components of the model. The three 
components characterize. respectively, the specification of: (i) the mother's time 
inputs into child care given by (2.5), using the measure of this input in our data; 
(ii) the female market wage process and labor supply behavior; and (iii) the 
household's fertility outcomes. GMM estimators formed in this way only require 
calculation of univariate normal distribution functions; moreover, the estimators 
formed by estimating each component separately are just limited information 
ML (or quasi-ML) estimators. 

Consider first the estimation of (2.5). Let FIT denote the error-ridden measure 
in the data set of the time spent in chld care by the ith mother when she is age 
7,. That is 

where E,, is an independently and identically distributed measurement error uith 
mean zero and variance w,. Let ?I,.a ( K  + 1) dimensional vector, denote the 
parameters appearing in t h s  component, and l , , ( ~ , )  denote the contribution to a 
(quasi) log-likelihood for the i th household. That is, 

where +( ) denotes the univariate standard normal density function. Quasi-ML 
estimates of are found by optimizing the sum of l , ,(n,) over I E (1,. . . , N ) . '  

The second component is based on the probability of the joint distribution for 
the mother's labor supply and her wage rate at age t ,  whlch, conditional on past 
births. husband's income, and household specific effects, derives from the distri- 

Whlte (1982). among others. has shown that the consistent> and as>mptotic normality of such 
estimators does not require that the disturbances be normally distnbuted. 
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bution of the unobserved disturbances, (E,,,, E , , , ) .  That is, 

The (K + 7) dimensional vector of parameters identified in this component, r,, 
and the associated contribution to the log-likelihood function, 12,(71,, E,), are 
given by 

where @( ) is the distribution function for the standard normal distribution. To 
obtain ML estimates for 5, and 7r2, the sum of l , , ( ~ , , K,)  over i E (1,. . .,N ) is 
maximized with respect to 7r2 and 5, for each i .  

The third component is derived from the probability of observing the ith 
household's birth sequence over the sample period, conditional on the father's 
income stream, previous births, and the fixed effects, IC,. That is 

The parameters for thls component, a (K + 7) dimensional vector denoted r3, 
and the contribution to the log-likelihood by the ith household, 13,(7r3, tc,), are 
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defined respectively as 

ML estimates for the identified elements of tc, and n3 can be obtained by 
maximizing the sum of 1 3 , ( ~ 3 ,tc,)over i E (1,.. . ,N )with respect to K ,  and n3. 

While one can estimate each of these three components separately to obtain 
N
ML (or quasi-ML) estimates for nl,n2,n3,and { ~ , ) , = , ,respectively, we are 

interested in imposing and testing sets of cross-equation parameter restrictions 
arising from the common influence of c,, and a,, on both female labor supply 
and the household's fertility decisions. Forming the following GMM estimators 
affords us the opportunity of imposing such restrictions in estimation while still 
avoiding the computational burdens of FIML estimation described above. Let n 
denote the parameters contained in (n;, n;, n;)'. Let m,(n,tc,) denote the 
derivative with respect to 71 of the sum of the ith household's contribution to the 
three log-likelihood functions just considered. That is 

Then given {tc,);N=,,GMM estimators can be found by minimizing 

with respect to n,where W, is a positive definite weighting matrix that converges 
to some W as N, the sample size, increases. The estimators obtained in this 
manner would have a covariance matrix. A = (D'WD)-'D'WVWD(D'WD)-', 
where D = tci)/dn]' tci)mi(n,E[dm,(n, and V =  E[mi(n, tci)'].Setting W, equal 
to the identity matrix corresponds to forming estimators which maximize the sum 
of likelihood functions formed from (2.17),(2.19),and (2.21).Alternative choices 
of the weighting matrix W, yield estimators with varying degrees of asymptotic 
efficiency. Amongst the estimators that minimize criterion (2.23). the choice of 
W, yielding the smallest asymptotic covariance matrix is V-l.Using this optimal 
weighting matrix, A is given by (D'V-ID)-'.(See Ferguson (1958)and Hansen 
(1982).)Consistent estimates of D and V are obtained by replacing expectations 
with their respective sample means evaluated at the estimated values of 71 and tc,. 

In both the LIML and joint GMM estimation strategies just described, we 
must jointly estimate the elements of 71 and { K , ) ~ = l ,since the latter are 
unknown. Estimation of the fixed effects presents no new problems operationally; 
estimators can be formed by setting the score functions for each element in 
hi=^ to zero. But, in our particular application, the estimation of fixed effects 

does introduce some new issues. First, for women who never work during the 
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sample period, the fixed effect in their labor supply equations are unbounded and 
one cannot estimate fixed effects in their wage equations since wages are not 
observed for this group. Accordingly, our sample is restricted to women who have 
worked at least once Second, consistency of during the sample p e r i ~ d . ~  the 
estimators for n and {tc,)ral requires that both the number of time periods for 
each household, T, and NT become large. For the sample analyzed in our 
empirical application, the number of time periods per household is (at most) 10. 
Thls begs the question of whether our estimates suffer from small sample bias. 
Because the model is nonlinear, the issue of small sample bias is not only relevant 
for the fixed effect estimators but also for the estimators of the other parameters. 
Whether this is a serious matter cannot be answered a priori since all samples are 
finite and many cannot be imagined to become infinite. What we should like to 
know is how useful a guide asymptotic theory provides in this application. 

One attempt to examine the small sample properties of estimators similar to 
those herein has been undertaken by Heckman (1981). He presents results of a 
Monte Carlo study of the properties of a maximum likelihood fixed effect 
estimator for a probit model with 8 time periods per observation. For a model 
which includes a single exogenous regressor (i.e., uncorrelated with the fixed 
effect and the serially uncorrelated disturbance component), he finds the esti- 
mated parameter values are very close to the true parameter values. The fixed 
effect estimator does show evidence of small sample bias in a probit model with a 
fixed effect for data generated by a discrete, first-order Markov process. Our 
specification differs from Heckman's in two important respects. First, the labor 
supply equation in our model is actually a Tobit specification (a combination of a 
linear regression model and a probit equation).'' Second, our birth outcomes are 
not generated by the Markov process used in Heckman's analysis; rather they 
arise from a two stage process involving the index function governing contracep- 
tion behavior and, conditional on the contraceptive choice, independent stochas- 
tic processes determining the occurrence of births. 

Given the mixed nature of Heckman's findings and that our model specifica- 
tion differs somewhat from hls, we undertook a limited Monte Carlo study to 
investigate the small sample performance of the estimation strategy used in our 
empirical work. (It is fully described in the Appendix.) We constructed 25 
independent samples with sample sizes of 50 and 200 households. The data in 
each sample were generated by a model for which I), = I),, y, = y,6h-1, for all k, 
the F 4 k ' ~were not constrained to be equal for all k, and births were stochastic 
events with probabilities whlch depended upon parental contraceptive choices. 
(The values used for the parameters are given in the Appendix.) We then 
estimated the labor supply and labor force participation equations given in (2.1) 

Heckman and MaCurdy (1980) account for thls type of sample selection in estimating a model of 
female labor supply and wage equations using the same data set as in this study. They find that their 
estimates are not sensitive to whether the correction is made. Therefore, t h s  potential source of 
selection bias is ignored here. 

l o  Heckman and MaCurdy (1980) conjecture that the problem of small sample bias in fixed effect 
estimators for Tobit specifications may be less than for the probit case. 
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and (2.2) using data from 10 consecutive periods for each household as well as 
information on previous births. The means of the resulting parameter estimates 
were then compared with the true parameters and with estimates obtained by 
including the true fixed effects as regressors in these equations. (Consistency from 
the latter estimates only requires N to approach infinity.) For sample sizes of 50 
households, evidence of small sample bias in the parameter estimates was found 
when the fixed effects were estimated. Part of this bias, though, is attributable to 
the small number of households, since the estimates obtained using the true fixed 
effects as regressors were also biased (generally in the same direction as when the 
fixed effects were estimated). Moreover, when N = 50, all of the parameter 
estimates when the fixed effects were estimated were within one to two standard 
deviations of the true parameters. With samples of N = 200, the extent of bias 
was reduced, although not completely eliminated. Again, the means of the 
resulting estimates were generally within one to two standard deviations of the 
true parameter values. This evidence is by no means conclusive. Nevertheless, 
these results suggest that asymptotic theory has a role to play when interpreting 
the parameter estimates in t h s  application. 

The empirical results presented in the next section actually were obtained from 
the following two stage estimation procedure. We first obtained estimates of the 
parameters T*,and {IC,)?:, for the labor supply, wage, and chlld care 
components maximizing the log-likelihood function formed by summing (2.17) 
and (2.19) across households. Note that the resulting estimators are FIML for 
these three equations when the disturbance in (2.16) is assumed to be normally 
distributed. In the second stage, we estimated alternative restricted versions of ? 
by maximizing (2.23) with respect to n, where we substituted the first stage 
estimates of the fixed effects, i.e., {[,);Y=,, for the true fixed effects. The covari- 
ance matrices for the second stage estinlators should be corrected for the first 
stage estimation error. However, the correction was not made in our analysis 
because it involves inverting matrices of an order given by the number of 
observations, N, plus the dimension of the parameter vector, 71. 

3. EMPIRICAL RESULTS 

The data used are taken from the Panel Study of Income Dynamics (PSID), a 
longtudinal survey in whch over 5000 households have been interviewed an-
nually since 1968. To be included in our empirical analysis, households from the 
PSID had to meet the following criteria: (i) the same husband and wife headed 
the household in 1970 through 1979, (ii) the wife was less than 40 years old in 
1980, (iii) the wife worked in the labor force one or more years between 1970 and 
1979, and (iv) the household had at least one birth prior to 1979. 

If a sample household's first birth occurred prior to 1970, we utilized all 10 
years of the panel data but when the first birth occurred after 1970, only data for 
years subsequent to that event were utilized. (Consequently the number of 
households increases over the ten year period from 328 to 351.) For each 
household in the sample ( i  = 1 , ... ,N), we have data on: (i) the wife's age, t , ; (ii) 
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TABLE I 
SAMPLEMEANSOF PSID DATA 

(Standard Deviations in Parentheses.) 

Sample 
Year Size d,, h , ,  " 8 1  LII n,: h, ,  1, ( j r  

'This variable denotes the number of existing children in the household as of year I. i.e.. n , ,  = 

X f - , b , , , - , .  

its entire birth history through 1979; (iii) whether or not the wife worked, d,,, in 
each year, and, if she worked, her annual hours of work, h, ,  (in thousands of 
hours); (iv) the mother's market wage rate, w,,(in 1968 dollars), for each year in 
which she worked; (v) the mother's answer to a question, asked in 1976, about 
how many hours she spent caring for her children that year, Z,, (in thousands of 
hours); and (vi) the father's annual taxable income, y,, (in thousands of 1968 
dollars). 

Table I reports sample statistics on these variables and the number of house- 
holds included in each of the 10 years. 

By jointly estimating the labor supply, wage, and mother's child care time 
equations, we can identify the processes governing a,, and c,, (see equations (2.4) 
and (2.5)). In their most general forms, the mother's time devoted to child care 
and the market input maintenance costs can vary with the age of an existing 
child. As noted above, empirical studies have found that maternal time inputs 
decline as chldren age. We test for t h s  pattern along with the restriction that 
market input costs are age-invariant from these first stage estimates. That is, we 
test whether 

where we include up to 23 lags in births since the age of the oldest ch ld  in our 
sample as of 1979 is 23. In terms of the 7r1 and 7r, vectors, the restrictions in (3.1) 
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are equivalent to setting 

and 

k - 1  
T26 - T25 I[i$l
(3.3) 	 2 , 4 + k 2 5  + - I ]  for 3 - 1 - 2 3 .  
7112 - 7111 

ML estimates of the labor supply, wage, and chld care equations are reported 
in Table 11. Estimates based on unrestricted maternal time and market input cost 
specifications are found in Column A of t h s  table; those corresponding to (3.1) 
are found in Column B. Comparing the restricted and unrestricted specifications 
via a likelihood ratio test, the restrictions in (3.1) are not rejected using conven- 
tional critical values. (The test statistic is 40.8 and the associated level of 
significance is 0.524.) Thus, the data cannot reject the hypothesis that annual 
expenditures on chldren are age-invariant, and maternal child care time inputs 
decline geometrically as children age. Accordingly, we maintained specification 
(3.1) for a,, and c,, in the estimation of the full model." 

GMM estimates obtained by jointly estimating the labor supply, wage, child 
care and probability of birth functions are reported in Table 111. Because there 
are relatively few older chldren in the sample, we encountered numerical 
problems in estimating specifications of the contraception index function when 
all the coefficients on lagged births were left unrestricted. For t h s  reason, all 
estimates of the contraception index function reported in Table I11 restrict the 
effects of chldren older than 11 to be the same apart from differences in ch ld  
care requirements. That is, fi4, = fi4,,, for k 2 11. Also note that the estimated 
coefficients on the lagged births in the v,, function presented in Table I11 measure 
the combined influence on parental contraceptive choice of expenditures on 
existing chldren, and of the utility such chldren provide parents, fi4,, for 
all k. Even though our estimates from the labor supply equation suggest that a,, 
is age-invariant, without a direct measure on such expenditures, we cannot 
separately identify these two effects on v,,. 

" To examine the robustness of these findings, we also investigated the appropriateness of a 
number of assumptions made in the mother's labor supply, wage, and child care equations. For 
example, as noted in Section 2, the specification of the process of maternal child care does not allow 
for substitution of the mother's time for other inputs in caring for children. We re-estimated the child 
care equation including measures of the husband's and mother's wage rates (accounting for women 
who were not working in 1976) as well as the lagged birth variables. We could not reject the 
hypothesis that the effects of these wages on the hours the wife spends in child care are zero. We also 
examined whether the mother's age had an independent influence on  her labor supply, by adding that 
variable to the above specification: the estimated coefficient on this variable was positive but 
insignificant. Finally, we examined whether our results were sensitive to the inclusion of fixed effects 
in the mother's labor supply and/or wage equations by eliminating these effects and re-estimating the 
equations. By a likelihood ratio test, the inclusion of the K, 'S significantly improved the fit of these 
two equations, but the coefficient estimates and significance on  the remaining variables were not 
noticably affected by the removal. 
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TABLE I11 


GMM COEFFICIENT FOR JOINTLY CHILD CARE, LABOR SUPPLY, WAGE 
ESTIMATES ESTIMATED 
AND CONTRACEPTION FUNCTION AND PROBABILITY FORINDEX EQUATIONS ESTIMATES 

CONTRACEPTIONMETHODS 
(Standard Errors in Parentheses.) 

Coefficient (Variable) A B Coefficient (Variable) A B 

Child Care Equation: Contraception Index Function: 
8 ,88318 ,90188 io 1.91429 5.33593 

(.01485) (.01483) (.02958) (.05137) 
71 .63525 ,52597 i, ( Y I )  ,01490 - ,02213 

(.08658) (.07153) (00778) (.19527)

6 ,91130 ,94310 i, (CI) -4.97306 5.26513 
(.04673) (.04795) (1.59622) (.80261) 

Labor Supply Equation: 
+'41 ( b ~ - ~ )  1.21097 -2.23759 

(1.05307) (.22177) 
7l1 (y, )  - ,03072 - ,02925 F3$, + i4, (b,-,) 2.41938 

(.00206) (.00182) (.91675) 
7lr (w,) 1.45597 1.44454 + i4, (6,- ,) 2.83447 

(.01392) (.01362) (.79458) 
7l3 ( c , )  - ,87634 - 1.09960 i3$,+ iu (b,-,) 2.35476 

(.14267) (.20403) (.69393) 
7l4 41 ,00883 ,05386 i,q1 + i45(b,- 5 )  1.76421 

(.00289) (.04051) (.60676)

6 ,69356 ,66905 i3$,+ id6(bI+6)  1.00470 
(.02525) (.02376) (.49497)

6 - ,32774 - ,32571 + i4, (6,-,) ,51514 
(.00434) (.00433) (.44724) 

Wage Equation: 
al ( t )  ,09175 ,09205 i,$,+ i4x(b,- - ,15155 

(.00127) (.00127) (.40921) 
a2 ( t 2 )  -.00103 -.00104 (b,-,) ,79073 

(.00041) (.00042) (.35450) 
1.57699 1.71785 (b,- lo)+ i4,10 ,00883 
(.09334) (.10474) (.02873) 

Probabilities for Contraceotion Methodr: 

-
(.00319) (.01321) (.00570)

-
P ,30414 .I4614 i, ( ~ 1 )  - ,04771 

(.02841) (.01991) (.07045) 
5, ( ~ 2 )  - ,02472 

(.04650) 
N .(Criterion Function)" 64 4 
Degrees of Freedom 54 

Nores: Column A-Estimates for specification (3.4). Column B-Estimates for specification (3.6) 
'The cnterion function is the value of (2.23). 
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Estimates in Column A of Table I11 maintain the assumptions of declining 
maternal child care with the age of the children and the age-invariant market 
input expenditures in the labor supply equation, but allow the other effects of 
children under the age of 11 to vary freely with age. That is, these estimates 
correspond to the specification 

( y l k - l , l ,  5 )  for k < 11, 
(3.4) ( ~ k ,# k 7  '4k) = y l k - l , l ,  ) for 11Q k t 23, 

which is equivalent to imposing the restrictions given in (3.2) and (3.3) on and 
?, and the following restrictions involving ?3: 

Withln the GMM estimation procedure, one can test the over-identifying restric- 
tions implied by specification (3.4).12 The statistics are reported in Table 111. The 
value of this statistic for (3.4) is 64.4 and the associated degrees of freedom are 
54. The level of significance of this test is .157; thus, using conventional critical 
values, we cannot reject specification (3.4). 

Column B of Table I11 contains estimates of the full model in which the 
influence of existing children, net of child care costs, on parental contraceptive 
choice depends only upon their number and does not vary with their ages. This 
specification assumes that 

(3.6) (yk, #k, ~4k)  = (ylak-l, , ) for k Q 23. 

In terms of restrictions on ?, (3.6) implies that we impose the following set of 
restrictions in place of (3.5): 

Specification (3.6) receives little support from the data. The test of imposing the 
restrictions implied by this commonly assumed specification is rejected at the .05 
significance level. (The test statistic is 89.0 with 64 degrees of freedom and the 
level of significance is .021.) In addition, since (3.6) is nested within (3.4), a test 
imposing the additional 10 restrictions can also be performed. The test statistic is 
given by the product of N and the difference in the values of the criterion 
function for the respective specifications. Its value is 24.6, which with 10 degrees 
of freedom, has a level of significance of .006; thus we reject these additional 
restrictions at conventional cutoff levels. 

To summarize, the test results suggest the following conclusions: (a) maternal 
time inputs in the care of children decline as children age; (b) parental expendi- 

l2  See Hansen (1982). The test is based on the fact that under the null hypothesis, N times the 
optimally weighted criterion function in (2.23) is asymptotically X 2  distributed with degrees of 
freedom equal to the number of overidentifying restrictions. 
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tures on market inputs to children do not significantly vary with the ages 
of offspring;13 and (c) net of their influence of costs, the additional effects of 
existing children on contraceptive choice depend not only on the number of 
children but also on their age distribution. Moreover, a model which incorporates 
these features, and their implied cross-equation restrictions, cannot be rejected 
with our data. 

We now turn to an examination of the parameter estimates themselves. First 
consider the estimates for the child care equations shown in Tables I1 and 111. 
From the estimates of the (y,, 6) specification, we infer that the amount of 
maternal time required to care for a newborn child, is about 660 hours per year, 
and is declining geometrically at the annual rate of around 12 per cent. Observe 
that both 8 and 7, are always significant and that 8 is also significantly different 
from 1, indicating that the maternal chld care time declines as children age. 

With respect to the labor supply equation, the estimated effects of the husband's 
income are consistently negative and significant, while those of the mother's wage 
are positive and significant. Furthermore, the estimates of these effects are robust 
to the alternative specifications for a,, and c,,. The elasticity of a mother's labor 
supply with respect to changes in her wage rate is around 1.23; the mother's labor 
supply elasticity with respect to her spouse's income is around - .44. Note that 
our estimate of the wage elasticity is roughly half of that found in Heckman and 
MaCurdy (1980, 1982)14 who estimate a life cycle specification of female labor 
supply and wages with panel data from the PSID. From Column B of Table I1 
and the results in Table 111, we find that the greater the mother's commitment to 
child care, i.e., greater c,,, the lower her labor supply, and, assuming that market 
expenditures on chld care are positive, i.e., 4, > 0, the larger the existing number 
of children, the greater her labor supply (although the latter effect is not generally 
statistically significant). Such results are consistent with previous empirical 
studies of female labor supply (see, for example, Cain (1966), Schultz (1978), and 
Cogan (1980)) which find that younger children have a negative effect on female 
labor supply whle the presence of older chldren have a positive effect. In our 
formulation, this pattern arises because c,, and a,, have opposite effects on 
female labor supply and the care of older chldren is less time-intensive than for 
younger children. With respect to the effect of c,,, note that the estimates indicate 
that increases in time devoted to child care do not reduce labor supply one for 
one; rather, increasing chlld care responsibilities also reduce the mother's time in 
other nonmarket activities. If we assume that a dollar reduction in the household's 
income is equivalent to a dollar increase in their chld care expenditures,15 then 
q4= -ql and we can obtain an estimate of +,,the annual per capita expendi- 
tures on children, by dividing our estimate of q4rC11 by that for -ql. The 
estimated expenditures range from $287 to $1,841 annually per child, based on 

l3This finding should be interpreted with some caution since, unlike the mother's child care time 
inputs. we have no direct information in our sample on actual expenditures on children. 

l4  Their corrected set of estimates, reported in Heckman and MaCurdy (1982), yield an estimated 
labor supply elasticity of 2.23. 

l5 See the model outlined in Hotz and Mller (1986). 
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1968 prices, where the upper limit is for the model rejected by the data. Finally, 
note that the fixed effect in this equation, K , ,  exhlbits a good deal of variation 
across households (as measured by its sample standard deviation).16 

With respect to the wage equation, we find, across the alternative specifica- 
tions, that the estimated wage profile of the mother exhlbits a concave shape over 
the life cycle, pealung at about 44 years of age. As with the K,, the household- 
specific component to her market wage rate, K,, exhlbits a good deal of variation 
across the sample of women.'' 

Estimates from the determinants of the birth probability equation are shown in 
Table 111. Regardless of the specification, the estimates of both p and p are 
precisely estimated and the hypothesis that p = 0 and p = 1 is rGected. These 
estimates suggest that :here is z significant stochastic component affecting the life 
cycle timing of births. Our annual probability of conception when no contracep- 
tion is practiced, implies a monthly conception probability of around 2.5 per 
cent. While t h s  is somewhat low relative to those from natural fertility popula- 
tions (see Sheps and Menken (1973)), we note that Rosenzweig and Schultz 
(1985) obtain the same estimate for a sample of U.S. households using data on 
couples' actual contraceptive practices. 

Whle births are not perfectly controllable, we can reject the hypothesis that 
p =j, indicating that the life cycle timing of births is affected by parental -
contraceptive choice. With respect to the contraception index function governing 
these choices, we find that the estimates in Column A of Table I11 for specifica- 
tion (3.4) are intuitively plausible. The coefficient on c,, is negative indicating that 
the less time a mother has available due to chld care demands, the higher the 
household's marginal cost and so the desire for having more chldren is lower. 
The coefficient estimate for y,, is negative indicating that raising the father's 
income reduces the marginal utility loss of expenditures on additional chldren. 
Both of these effects are statistically significant, although the income elasticity on 
the birth probability is relatively small. (Evaluated at the means of the data, this 
elasticity is 0.02.) As measured by the coefficient on K,  in v,,, women with higher 
permanent wages have lower desires for children via a price-of-time effect; in 
addition, the permanent household-specific component, K, (which enters posi- 
tively in the female's labor supply equation by construction), also has a negative 
effect on the probability of conception. Note, however, that both of these latter 
effects are insignificant and that their estimated elasticities are quite small (.007 
for K~ and - .004 for K,). The estimated effect of the mother's age is negative. As 

l6 In a separate analysis, we regressed K ,  on a number of time invariant characteristics of the 
household. We found that K, was negatively related to the mother's educational attainment, whether 
she had an advanced degree, the husband's educational attainment, and whether the husband was 
from an earlier birth cohort (as measured by his age in 1979), while it was positively related to 
whether the husband had an advanced degree, the earlier the wife's birth cohort, and the 10-year 
average local unemployment rate. All but the latter two effects were significant by a standard I test on 
the estimated coefficients. 

l 7  We also ran regressions for K ,  and found it to be negatively related to the mother being from an 
earlier birth cohort and positively related to the wife's educational attainment, whether she had an 
advvlced degree, and the average local unemployment rate; only the latter was not significant. 
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mentioned above, t h s  effect likely reflects two influences which we cannot 
separate: variation in the desire for chldren as the household moves closer to the 
end of its fecund period and the impact of anticipated future wage changes for 
the mother. The combined effect implies that the household's desire to have more 
children declines as the mother ages. Finally, net of the effect of c,,, many of the 
estimated coefficients on lagged births are also significant and vary with the ages 
of existing children. Recall that these estimates measure the combined impact of 
the parent's utility from existing chlldren and of the market expenditures 
required in their care on the desire for an additional child. Examining the 
estimates for lags of different length, we find that the effects increase sharply to 
lag t - 3, and then gradually decline, converging to a value below their initial 
point. Past age three, as children grow up, they increase the likelihood that the 
parents will contracept.18 

Examining the estimates in Column B of Table 111, we find that imposing the 
rejected specification (3.6) in whch the additional effects of lagged births are 
assumed to be age-invariant reduces the impact the index has on birth outcomes 
because the estimate of jj approaches p. These rejected restrictions end up 
attributing a larger proportion of births to chance rather than choice. Moreover, 
the coefficient on husband's income, v",, becomes significantly negative under 
(3.6). Similarly, the sign on the maternal chld care effect, v",, is also reversed. 
Thus, when these unsupported restrictions are imposed on the data, the economi- 
cally plausible results that emerge under specification (3.4) are turned on their 
heads. 

To illustrate how our estimates of the stochastic process describing fertility 
behavior depend on the hypothesized specification, we present the following 
simulations. We calculated the birth hazard of the waiting time to the third child 
of a representative household in whch the first two births were assumed to have 
occurred at age 20 and 22, respectively (these were mean ages for the first two 
births in our sample), and that the mother's fixed effects as well as her husband's 
income at age 22 correspond to sample means for women of that age. To forecast 
the husband's subsequent earnings, we estimated a linear regression equation for 
annual earnings as a function of his educational attainment, age, and age squared 
and allowed the regression disturbance to be autoregressive of order one. The 
resulting estimates were 

y,, = -19.028 + .9163 EDUC, + .8827AGE, . 0 1 1 3 ~ ~ ~ ;- + el,, 
(8.887) (.1165) (.4418) (.0050) 

(3.8) 
el, = .8326e,,,-,+ v,,, Var(u,,) = 7.746, R 2  = .728, 

(.0108) 

where the estimated coefficient standard errors are in parentheses. Optimal linear 
unbiased forecasts of husband's annual income, subsequent to the second birth, 

InThe small value of the coefficient on b,-, relative to those on b,_,and b,+, may also reflect the 
reduction of woman's risk of pregnancy after a birth during the post-partum amenorrheic period. 
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Birth Prob 

-Buellna Hazard Rate for Soedflcatlon (3.4) 
--Bueilna Hazard Rate tor S~eclflcatlon (3.Q 

were formed using these estimates, the sample mean for the husband's educa- 
tional attainment, and assumed the husband was 3 years older than h s  spouse. 

In Figure 1 two alternative hazard rates are plotted for this representative 
household. The solid line was generated using the estimates for specification 
(3.4); the dashed line plots the estimated hazard when the effects of lagged births 
are constrained to be the same, i.e., specification (3.6). The initial steep increase 
in the plot of the solid line is mainly due to the relative increase across the 
implied estimates of i;,,,E4,, and E4, previously noted. Recall we found that the 
coefficients on the father's income and chlld care costs are, respectively, positive 
and negative for this specification. Since husband's income, on average, increases 
throughout the sample period and c,, is found to diminish as children age, these 
factors, acting by themselves, would lead to a rising hazard. However, they are 
more than offset by the aging of the mother and the declining values of the Ed, in 
k associated with older children. Thus the resulting hazard falls over time. 

The hazard rate for the rejected specification (3.6) shows a much smoother 
duration pattern because of the more limited way in which lagged births affect 
it. The counterintuitive signs on the coefficient estimates obtained can also be 
explained with reference to the birth hazard. When specification (3.6) is imposed 
on the data (i.e., when the effect of existing children, net of maternal time care 
costs, are constrained to not vary with the age of chldren), the minimizing 
algorithm finds other ways to achieve a downward trend in the hazard in order to 
accord with the data. In the sample, the additional influences of offspring older 
than 3 are positively correlated with the father's income and negatively correlated 
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Birth Prob 

-Buallne Hazard Rate --Hazard Rate wlth On. L u a  Chlld 
......Hazard Rate wlth One Chlld Old-r 

with child care costs. Hence by imposing specification (3.6), the effects of these 
latter two variables end up proxying for the age-varying lagged birth effects as 
well as their own impacts. Our estimates and the plot in Figure 1 suggest t h s  
former effect dominates the shape of the hazard and provide an explanation as to 
why the signs on y, and ci,are opposite of those found for (3.4). As discussed 
above, the hypothesis tests show such smoothing is unwarranted. Regardless of 
how one interprets our coefficients on lagged births, the evidence indicates these 
variables should enter the hazard in a flexible manner. 

Figure 2 illustrates the effects of changing the number and age distribution of 
existing offspring on the birth hazard using estimates for specification (3.4). The 
solid line, which serves as a baseline, is the same as in Figure 1. The dashed line 
plots the hazard given that the household had one less child (i.e., the first birth 
occurred when the mother was 22); otherwise the factors affecting the hazard rate 
are identical to the baseline case. Comparing the latter hazard plot with the 
baseline case, we see that fewer children increase the hazard rate of another birth 
at virtually every duration. The dotted line in Figure 2 plots the hazard in the 
situation where there were two previous births but the first occurred when the 
mother was 18 rather than 20 whle the second occurred, as in the baseline, at age 
22. Comparing this situation with the baseline, we see that having older children 
tends to depress the hazard rate at shorter durations, while the two rates are 
approximately equal for longer durations. (It is actually the case that the dotted 
line lies above the solid line after age 34.) The effect of varying the age 
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Birth Prob 

-Bssellne Hazard Rate -- Hazard Rate for Decrease In Husband's Income 
. . . . . . Hazard Rate far Dewease In Mother's Permanent Wage 

0.25 


distribution of existing children on birth probabilities reflects the net effects of 
changes in the maternal child care inputs and variation in the effects of children 
of different ages. These plots indicate that the impact of older children on the 
desire for an additional birth predominate, especially at shorter durations, and 
might indicate that older children substitute for greater numbers in providing 
utility to parents. 

Finally, Figure 3 illustrates the effects of changes in the market variables on 
the birth hazard. The solid line is identical to those in the previous figures. The 
dotted line imposes a one standard deviation downward shlft in the mother's 
wage profile, i.e., K, is reduced by 1.52 units. The dashed line is obtained by 
reducing the husband's income by a standard deviation (which is 5.23 in our 
sample) in the year his spouse is 22. Otherwise the specifications are identical to 
the baseline. These plots reflect the sign patterns already noted for changes in the 
mother's wage and the husband's income; they also reflect the fact that the 
magnitudes of these effects are relatively small. 

Program in Quantitative Economic Ana&sis/ NORC, University of Chicago, 
Chicago, I L  60637, U.S.A. 

and 
Graduate School of Industrial Administration, Carnegie-Mellon Uniuersity, Pitts- 

burgh, PA 15213, U.S.A. 

Manurcript received March, 1985;final revisiorz received December, 1986. 
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APPENDIX 

This Appendix describes a limited Monte Carlo study undertaken to investigate the properties of 
estimators in which fixed effects are treated as parameters and estimated jointly with the other 
parameters in a nonlinear model. 

We generated 25 samples for each of two sample sizes, N = 50 and N = 200 households. Each 
household consisted of a couple who were married when the woman was 18 and the husband was 21 
and had at least one birth. We randomly generated the mother's age at which the first birth occurred. 
(We assumed one fifth of the couples had their first birth in the rth year of marriage, where 
r = 1, . . . ,5.) Subsequent births and the woman's labor supply and market wage rates were then 
generated by equations (2.1). (2.2), (2.3), (2.8), and (2.9). In these equations, we assumed that: 
qk= q l ,  yk = ylSk-l, for all k ,  C4, varied for k = 1, . .. , 6  and C4, = C4,, for k > 7. 

We chose true parameter values based on the parameter estimates obtained in our empirical work. 
In the child care equation, we set yl = 0.600 and 6 = 0.88. In the mother's labor supply equation, we 
set ql = -0.03, q, = 1.4, q3 = -0.9, and q4q1 = 0.01, while for the mother's wage process, we used 
a, = 0.10 and a, = 0.001. For the fertility behavior, we set Co = 2.0, C, = 0.015, C2 = - 5.0, C,q1  + C4, 
= 1.2, C 3 q l  + C4, = 2.4, C3q, + C4, = 3.0. C3ql+ C4 = 2.4, C3+,_+ Cd5 = 1.2, C3ql+ Cd6 = 0.6, C3ql+ 
y4? = 0.5, C5 = -0.1, C6 = -0.05. C7 = -0.01, Cg = -0.25, and v, = -0.15. The conception probabil- 
itles used were p = 0.05 and jj = 0.30. The transitory components, uR and u g ,  were drawn from a 
bivariate norm2 distribution with zero means and covariance matrix 0, with elements 6= 0.7, 
a,, = -0.3, and \/;IS = 1.6. For each household, the elements K,, and K,, were each drawn from 
independent normal distributions with means -2.0 and 0.6 and standard deviations 2.0 and 1.5, 
respectively. The husband's income was generated using the following equation: 

where AGE,, is the husband's age at t,, u,, is drawn from an independently distributed uniform 
distribution with support [-0.5,0.5], and the initial husband's income is drawn from a uniform 
distribution with support [5.5,6.5]. 

From each household history, we randomly selected 10 consecutive time periods for inclusion in 
the sample. (One tenth of the households were sampled for 10 periods starting when the wife was 21 
years old, a second tenth were sampled for 10 periods when the wife was 22, and so on.) To determine 
how well our strategy of estimating fixed effects jointly with other parameters did at recovering the 
true parameter values, we estimated the "reduced form" labor supply and labor force participation 
equations given in (2.10). That is, 

h,, = + q2a2t?+ C ( q 3 y 1 S k 1+ 7441) b ~ , r - k  + K:qly,, + ~ ~ " ~ t ,  + Elrt, 
k-1  

where KC = + q 2 ~ , ,+ q2aw This equation is estimated using ML methods for data sets generated 
with the above set of true parameters. 

The results are reported in Table A.I. It shows the true parameter values, the means (across 25 
samples) of the parameter estimates obtained when the true fixed effects are included as variables in 
the Tobit estimation, and the means of the parameter estimates obtained when we estimate these 
parameters and a fixed effect for each household in the sample. For each set of estimates, we report: 
the means of the estimates (in the first row); the sample standard deviation of these mean parameter 
estimates (in the second row); and the t statistic for the test that the mean estimate is significantly 
different from the true parameter value (in the third row). 

For N = 50, we find that both the parameter estimates obtained using the true fixed effects as 
regressors and the parameter estimates obtained when the fixed effects themselves were estimated, 
exhibit some small sample bias. In terms of percentage deviations of the means from the true values, 
the first group of estimates tends to be less biased than the second group, although the bias is greater 
in absolute value for the former estimates of ql than the latter. Moreover, based on the t statistics, 
the means of the estimates obtained when the fixed effects were estimated actually tend to be closer to 
the true parameters than those in which the true fixed effects were included as regressors. 

The small sample bias in both sets of estimates is reduced for almost every parameter when the 
number of households is increased from 50 to 200. This finding is as expected for the case in which 
the actual fixed effects are used as regressors, but it suggests that increasing the number of households 
may reduce bias in the parameter estimates even when the fixed effects are estimated. Note that the 
bias falls more for the former estimators than the latter; the percentage deviations of the mean 
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TABLE A.1 

MEAN PARAMETER ESTIMATESFROM MONTE CARLO STUDY ESTIMATORSOF FIXED EFFECT FOR THE 
FEMALELABORSUPPLYEQUATION 

'I1 ?2"1 12"2 7371 6 l)4+l Coef on r f l  

True Parameters: 
-0.0090 0.042 -0.00042 -0.162 0.880 0.003 

N = 5 0 a n d T = l O  

Mean Estimates Obtained Using True Fixed Effects as Regressors: 
-0.0028 0.039 -0.00034 -0.185 0.683 -0.044 


(0.0096) (0.017) (0.00050) (0.175) (0.313) (0.118) 

2.879 -0.862 0.726 -0.588 -2.815 - 1.800 

Mean Estimates Obtained Estimating Fixed Efects: 
-0.0037 0.058 -0.00075 -0.241 0.799 0.078 


(0.0233) (0.209) (0.00348) (0.240) (0.272) (0.230) 

1.127 0.378 -0.474 -1.646 -1.489 1.630 

N=200and T = 1 0  

Mean Estimates Obtained Using True Fixed Effects as Regressors: 
-0.0082 0.039 -0.00034 -0.159 0.852 0.003 


(0.0061) (0.008) (0.00025) (0.072) (0.097) (0.053) 

0.620 - 1.588 1.540 -0.207 - 1.448 0.033 

Mean Estimates Obtained Estimating Fixed Effects: 
-0.0104 0.051 -0.00064 -0.192 0.900 0.058 

(0.0093) (0.080) (0.00129) (0.089) (0.371) (0.108) 

-0.753 0.594 -0.872 - 1.684 0.270 2.528 


estimates from the true parameters tend to be smaller when the true fixed effects are included as 
regressors than when they are estimated, with the exception of the estimates of 8. Examining the 
associated t statistics, the estimates where the fixed effects are included as regressors are, with the 
exception of the estimates of 6,within two standard deviations of the true parameters; the same 
is true for those where the fixed effects are estimated, except for the estimates of 6and q,$, .  

While this investigation is limited in scope, it indicates that there is small sample bias when 
estimating fixed effects jointly with the other parameters. Some of this bias is attributable to the small 
number of households in the sample, while the remainder is due to the short panel length. This bias 
apparently diminishes as just N is increased. Finally, for both sample sizes, the extent of bias relative 
to sample variability is not substantial based on a standard t test for almost every parameter 
estimate. These results tentatively suggest that while estimation of fixed effects in nonlinear models 
(such as used in our analysis) should be done with caution when the number of time periods per 
household is small, the guidance from asymptotic distribution theory for samples with reasonably 
large numbers of households may not be that bad. 
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