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DETERMINANTS OF FERTILITY: A MICRO ECONOMIC MODEL OF CHOICE* 

I. IMNTRODUCTION 

There are many explanations of why human fertility varies 

from one society to another and among different groups or 

individuals within the same society. Attempts to identify and
 

measure the factors that affect fertility and hence to diccriminate 

among competing caucal hypotheses have not been notably su.cessful.
 

This gap in our basic stock of knowledge is both a source of 

embarrassment to social scientists and an obitacle to the strategic
 

formulation and tactical evaluation of population policies
 

throughout the world. 

In this paper I discuss one framework for interpreting
 

variation in reproductive behavior. This economic approach to
 

the analysis of fertility holds promise of accounting for factors
 

affecting fertility, especially those which might be influenced 

by public policy, and of relating these factors in a consistent 

manner to other important forms of household decision making, such 
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paper I prevented at the 1972 AFA Meetings in Toronto. I also 
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tEnt from the Rockefeller Foundation; Contract NIH 71-2211 from 
the Center for Population Research, National Institute of Child 
Health and Human Development, and contracts csd 2151 ,nd 2533 
from U.S.A.I.D. 
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-as labor force partigipation, marriage and savings. Unlike many
 

other areas of household nonmarket choice, the number of children
 

a couple his is of course readily measured. Recent progress in
 

the extension of economic analysis to the study of fertility has
 

clarified many issues, but the field remains in a state of flux.
 

For the economic approach to yield empirically refutable propo

sitions it is necessary to impose upon it a number of specific 

assumptions. At this time, however, it is unclear which set of 

My objective
assumptions least impairs the mcdel's realism. 

is to restate the central theoretical elements of this approach 

yet unsolvedto the determin?.nts of fertility, explore briefly as 

prcblems with this sch, n,, and speculate on itc uescftlness for 

the choice and evaluation of policy. 
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II. 	 TASTES AND BIOLOGICAL DETERMTNANTS OF FFLITY 

If variation in fertility across individuals and groups
 

were 	a purely random phenomenon, a theory of fertility would
 

have 	 little point. But there is widespread agreement that two 

sources of systematic variation in fertility warrant a place 

in any theory of' fertility determination--blological factorg
 

that constrain the reproductive process and determine fecundity
 

or the potential supply of births, and conscious and inadvertent
 

differences in behavioral factors that modify the extent to which 

the biological maximiun is ree.lized. 

For the pclicymaker the more interesting factors affecting 

fertility are those that can be influenced by adminstratively 

1
 
and politically feasible policies. A continuing objective of
 

my research in this field has been to discover promising policy
 

options to facilitate economic and demographic development, and
 

this may explain why I emphasize factors that are plausibly linked 

to policy instrum nts. Nr y of these presumed linkr, of course, 

are very poorly understood, such as how public policy affecLs 

child mortality or the age at which children leave school and first 

enter the labor force. Any manageable and Alluminating representnr

tion 	of the complex process determining fcrtility must neglect 

i_ 
.or exr.mple, more analytic.l attention might be given to 

the relationship between the educational attainmeat of parent, 
and their fertility than to the relationship betwc:on de-,ired 
family size and fertility. The former relatilon 1:3 subject to 
obviods policy instruments and can be projected accurately for 
a coarort as it ages; the latter relation is not yet reliably 
affected by policy options and hq.s not, to ry knowledge, been
 
projected for a cohort with greait precision.
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many facets of the problem. Hopefully, these omitted factors
 

interact neither with those factors that are analyzed nor with 
1 

each other. If this were true, their neglect need not distort
 

interpretation of empirical evidence on the responsiveness )f
 

fertility to those group and individual characteristics implied
 

by the economic framewurk as determining reproductive demands.
 

Two such broad classes of factors that are neglected in most
 

economic analyses of fertility are systematic2 differences in 

reproduction associated with fecundity i nd "tastes". In the 

In formulating a simple statistical model from a complex 

conceptual model., tie assumrtion is often made that the large 
number of omitted and frequently unobserved factors are independent 
of each other and therefore their sum may' be ansumcei to approach 
a normally distributed randem disturbanc- in the form of the 
model to be statirtically es.irsTted. It should not be surprising 
therefore that it is possible to accoiunt for a larger fraction of 
the d'fferences in average reproductive behavior across groups 

because these stochastic elements cancel out and the systematic 
factors appear to "explain" more of the aggregate varintion in 
fertility. Conversely, it is r.ore difficult to accoint for the 
reproduct.ve bchavior o-:' individvn.l families, for a i-,,r shrre 
of the ve.riation in fertility will stem frrn pliviy ra.ndcm i ut. 

and tha systematic flctors will "eyplr.in" a smalle.(r 31nare of the 
observed variation in fertility. Appropriate tests ol satti'd.,.1 

significace, th2refore, are not explanatory power (i.e., r 2 ) bvt 

the magnitude and sign of estir.;ted coefficicnts (i.e., cffects) 
relative to their standard errors, or asymptotic standard errors 

where simultaneous equations or nonlinear estiration tec)ril.qacs 
are required to obtain consistent estimates. 

2 Systematic difference i refers here Lo thore that could be 
predicted on the basin of obtainable information nnd estimatnblc 
mcdels. Certainly a substantial fraction of the variability in 

indviOtdal reproductive behavior is in no sense rysterotic )r 
predictable, resulting from truly stochastic parameters to under

lying biological processes, and perhaps equvPlly ran~om vagaries 
of individual hurmn behavioral response to the same ,n'nditi.onin6 
stimuli.
 

http:eyplr.in
http:reproduct.ve


next section I consider this limitation to the specification of
 

the demand theory of fertility.
 

Biol__ical Conctraints on Fecundity
 

In most contemporary societies the biological maximum
 

fecundity is not a binding constraint on the desired reproductive
 

behavior of a substantial fraction .ofparents over their entire
 

life cycle. Undoubtedly there have been historical periods when 

a majority of parents failed to rear to maturity the number of 

children they ianted, perhaps because of severe child mortality. 

But in most low income countries these conditions no longer exist. 

Child mort.i-'y h.- been fa.ling for three deccdez or morn, and 

evidence from both anthropologyJ and sociology suggests that a 

majority of parens in these countries have for some time ekercised 

individual chloice or adopted social conventions to limit their 

reproductive performance. There are also- historical instan as 

when the -.;)read or conLrol of specific diacases .nay have-affected 

fecundity, such a,; in certoin of the Pacific Islands in the 

19th and 20th ccnturies (-'iri.,, 1972). Eut ouch cases are always 

difficult to docurment, and are often transp?.rert means for
 

denying the importance of clusive behavioral factors in the
 

1 
control of fortilil.y Althodgh the relative importance and 

effectiverezs ol' individual and societal modes of reproduction 

'eynolds Farl.y (1970) is surely open to this ir';erpretation, 
ihere the economic depression is ignored as a possible cause for 
the drop in U.S. Negro fertility during the 1930's, whereas on 

the other hand, the sprea.d of venereal disease is cmphasized as 
the probable explanation (p. 215-235). 
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control are as yet unclear, it is well established that biological 

constraints on fecundity are today relatively unimportant in
 

accounting for systematic differences in fertility, except perhaps
 

across societies with very different standards of' living or endemic
 

disease. 

Moreover, it ia extr dlnarilyr N-ult to ceparatc 

empirically the biological and behavioral components of' the
 

reproductive process. It is, of course, well kno, that fecundity
 

or the biological capacity to give birth varies systematically
 

with a woman's age. The proportion of women biologically incapable
 

of childbearing appears to increase gradually from age 20 to 40, 

and increase sharply thereafter. By the time women reach age 50, 

virtually all are sterile. In studies of several cohorts of non

contracepting women of' proven fecundity (i.e. they subsequently 

had children), intervals between births are observed to increase 

gradually from 24 months for women in the 20-24 age group to about 

31 months for the 35-39 age group (Henry, 1966). Thus, both the 

probability of being ncapable of bearing a child and the time 

required, on average, for fecund couples to have a child appear to
 

increase with age. 

The analytical problems of separating empirically the 

biological and behavioral components of the reproductive process 

arise because the onset of sterility and the spacing of births 

may also be influenced by diet, general health, prevalence of 

specific diseases, and the prior pattern of childbearing and
 

breast feeding. It is widely believed that the time between,a
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birth and the reappearance of ovulation is an increasing function
 

of the duration and intensity of the mother's suckling. Since
 

some of these secondary biological effects on fecundity, holding 

age constant, can be behaviorally influenced by social custom or
 

individual choice, observed differences in fecundity might reflect
 

in part differences in desired fertility that could be accounted
 
1 

for within a behaviora.l framework. The distinction between
 

biological and behavioral determinants of fertility is thus a
 

difficult one to draw, in practice, except where the conditioning
 

factor is clearly exogenous; that is, not subject to individual
 

or even to social choice, such as with age.
 

.Although much work is underway characterizing the biological 

determinants of fecundity, there is not yet a consensus on how 

lactation practices, diet, nr health status of the mother, for
 

example, affect the duration of sterility she experiences after 

a birth, her subsequent rate of conception and fetal mortality. 

Moreover, the values of parameters used to describe the most
 

interesting relationships in the reproductive process have often
 

been based on small sample clinical studies that leave much to
 

be desired. Only recently have such parameters, as for example,
 

1A mother is free to vaiy her lactation practices depending
 

upon her desired rate of conception. This decision may also
 
influence the incidence of child mortality among her infants, for
 
mortality is sometimes more frequent among those weaned before
 
the second year of life (Wyon and Gordon, 1971). Also the incidence
 
of pregnancy wastage is clearly affected by a woman's regime of 
work, diet, etc., and differential spontaneous abortion, miscarriage
 
and stillbirth rates probaobly reflect more than purely stochastic 
variability (Freedman and Coomts, 1966; James, 19S9). 
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those linking lactation to intervals between births, been estimated
 

satisfactorily within the context of an explicit stochastic
 

framework. These findings have not yet, to my knowledge, been
 
1
 

verified for different 
populations.
 

This weak empirical foundation for models of fecundity is
 

undoubtedly related to the complexity of the pertinent biological
 

processes, but it is.also a function of the scarcity of longitudinal
 

analyses of individual reproductive histories and the likelihood
 

that these studies are contaminated by induced "behavioral"
 
2
 

variation in reproductive 
performance.
 

In sum, important differences in biological fecindity are 

associated with the aging process.
3 Within age-str.tified groups
 

1Jain's (1968) dissertation develops a stochcntic model of
 

human reproduction and estimates for a sample of Taiwanese women
 

the effect on fecundity of socioeconomic factors, holding constant
 

(approximately) for duration of lactation. (SEn alco Jain,
 

et. al. 1970, Schultz and DaVanzo, 1970.) Studies of child mortality
 

have also begun to use individual survey data and more parsuaive
 

methods of multiple regression, for example, Shah and Abbey (1971).
 

2Unfortunately, longitudinal histories that include the
 

necessary demographic, economic and biologice-l/nutrition/health
 
information to estimate such a model are still uncommon (Butz,
 

1972; Butz and Schultz, 1972; Schultz and DaVanzo, 1970). Theo

retical work in this direction is being undertaken by Robert
 

Michael and Robert Willis at the National Bureau o1' Economic
 

Research to gain a better understranding of the determinants of
 

contraceptive behavior. Their investigation is proceeding in the
 
Henry (1972),
tradition of Sheps and Perrin (1963), Sheps (1965), 

and Mencken and Sheps (1973).
 

3Age in a cross section is also associated with birth cohort 

effects, and will tend to capture time variant determinants of 

feitility that are omitted or me.sured with syster.atic error in 

a predictive model. Willis (1973) for example includes a quadratJc 

in age when he considers in one regression equation the numbe . of 

children ever born to currently married U.S. white women in 196O 
(Table 2, S50). The quadraticbetieen the ages of 35 and 64. 


in age accounts for part of the cycle in cohort fertility associated
 

with the baby boom. But what is more interesting, the inclusion
 
of three "economic" determinants of desired fertility (measured
 

contemporaneously) in the regression equation does nct modify
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in a given society, differences in women's fecundity can stem either
 

from factors that are beyond her control, such an regional health
 

conditions, or from factors over which she has greater control, 

such as prolonged lactation or induced abortion. If the .former 

uncontrolled factors influencing fecundity are independent of the
 

environmental variables that will later be interpreted as the deter

minants of the demand for children, the neglect of these deter

minants of fecundity should pose no statistical problem in the
 

analysis of fertility as a demand determined process. Moreover,
 

as fecundity becomes an ever Less frequently binding constraint
 

on women having at least the number of children they want, and
 

birth control technology reduces the cost and inconvenience of
 

curbing excess fecunGity, the demand framework should account
 

for an increasing share of systematic variation in completed fertility.
 

Demand and the Role of Tastes
 

Reproductive behavior is often associated with a parent's
 

socioeconomic characteristics. These empirical regularities
 

might be attributed to differences in preferences for offspring
 

among these socioeconomic groups of parents. Parents derive
 

intangible rewards and in some cases pecuniary transfers from 

their children, and differences in a parent's evaluation of these
 

returns are undoubtedly responsible for a part of cross-sectional 

and time series variation in fertility. The importance of "tastes" 

in determining desired fertility is thus widely recognized 

(Easterlin, 1969), but the operational significance of this
 

greatly the e.planatory role of the quadratic in age. These results 
reinforce evidence from other sources that the broad aggregate time
 
trends in fertility are not yet adequately explained by available 
evidence assembled in the micro economic framework.
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interpretation is rarely made explicit. To the economist, tastes
 

differ among individuals if they behave differently when confronted
 

by the same prices and endowed with the same resources and pro

ductive technology. If tastes are thus defined as the variability
 

in behavior unexplained by economic variables, the concept of
 

taste acquires substantive content only when the distribution
 

of tastes across a population is related to observable phenomena,
 

or more generally, when a model of taste-formation is postulated
 

with refutable empirical implications. 1 

Lacking a psychological theory that specifies relationships
 

between observable characteristie- of parents snd their "tastes" 

for children, this line of inquiry has not yet been nc-tably
 
2 

productive. Given the nonpecwniary context in which p!0rents
 

1Such a model of taste formation is verbally sta.ted by 
Easte-rlin (1968) and Fuchs (1956). The hypothesis is essentially 
that individuals develop their expectation for an acceptable 
material standard of living on the basis of the economic status 
of their parents whc-i they are teen-agers. If the economic 
A'ortunes cf the children are better thqn they anticipated, they 
feel they can ".2fford': somewhat more children than secular 
trends would predict, end vice versa. Children are csentially 
aupern-umerary expenditures thit absorb the excens cr shortfoll 
of actual to anticipated incomes. The cohort born and raised 
during the Gz-eat Depression, hence, contrib.ted to the poctwn.ri 
baby boom, whereas the offspring of' the baby boom are n, c, firing 
as well -s they expected, in part because of their cohor. ' 
relatively large size. Consequently, the cohort born in t)au 
I50'c is now contributing to the sharp decline in birth rates
 
in the United Stat.s. Thou:h this model. may have considerable 
predictive pow1 er to account for cross-sectional and disaggregated 
time se'¢ies variation in fertility in all high income countries,
 
it has been tested only to a limited extent against U.S. aggrezate
 
time series.
 

2 To propose that unexplined differences in reproductive 

behavior among race or religious groups reflect difftrences ir

"tastes" is, in my judgment, to mask our ignorance. An alte,rnative 

approech to searching for the sources of ethnic group differences
 
is evident in the observation that Catholic women with a college
 
education have more children than nonCatholics with the same
 

http:poctwn.ri
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obtain satisfactions from their childrenI, and the highly subjective
 

and intangible nature of certain ."tastes"I for parenthood, presently
 

there is no obvious way to integrate and analyze the role of
 

tastes within a theory of fertility.
 

It is common, therefore, to assume that all individuals
 

share the same utility function embodying their basic preferences.
 

Differences among individuals in appraising specific goods are
 

then attributed to differences in their environment, some aspects
 

2
of which are assumed to be stochastic. Specifically, people
 

education, but that these diffurences are insignificant between 
women with lesser education. Implicitly two working hypotheses 
may be entertained. Is it the Catholic college rexpei5nce that 
contributes to "taste" formation in the United Stites, or do those 
with such family-formed taste-, elect to enroll in C,.-holic colleges? 
Empirical tests can be imagined to refine further one's understanding 
of the ultimate cource of eth,.'c fertility differentials. It
 
is also obvious, that when one stops with distinguishing dif
feren.es in behavior among ethnic groups, one has provided little
 
useful knowledge to the policymalker that has no leverage on group
 
identification. 

LIn most societies parents are Pncouraged to sateisfy -nly
 
their mrn demand for children. With an im perfect m6'
 
exchange, chilc'ren represent a classic example of a rket
 
commodity that is produced only for the final consumeW Spec iali
zation in child production is uncommon, therefore, except under
 
unusiLl circumstances (see S. Chueng, 1972).
 

2Altornatively, it may be assumed that parent tastes for
 
children vary and are cistributed across populations in a specific 
fashion. This represenitation of tastes is in some respects 
more appEaling than the abstraction of a "representative individual", 
and in certain circumstances it imolies different response estimates 
from the same empirical evidence. For example, when observations 
are obtained on only a portion of a population, the distribution 
of tastes may be estimated by analyzing both pieces of evidence:
 
data on the observed population, r.nd the proportion of the popula
tion observed with differing characteristics. Grona.u (1973a, 1973b)
 
has used this formulation to study the sh.dow price of a house
wife's time, when market wages are observed for only the portion
 
of the femnale population that is currently in the labor for,..
 

http:feren.es
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are assumed to prefer different amounts of a particular good,
 

even when prices and resources appear to be the same because of
 

Limbination of unobserved "taste" factors, each independently
a 

normally distributed across populations. The sum of these
 

specific taste-effects on fertility can be represented by a
 

properly-behaved disturbance term in a statistical model designed
 

to analyze systematic sources of variation in reproductive
 

I

behavior. 


1It is nonetheless important to probe beneath personal
 

values and social norms to determine how they mould individual
 
roles of culture and genetics. Butpreferences and the related 

measurable, variable, and potentially policy-manipulatable 
elements of the individual and his culture are difficult to 

discern. How important is it to the policyraker (in contrast 

with the projector or planner) that Catholics want more children 

than Protestants? Yet, however conceptualized and quantified. 
the influence of these "taste" factors can be properly assess.d 

only when the tangible pecuniary returns have also been isolLted 

and taken into account. 
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III. THE DEMAND FOR CHILDREN 

The family's choice of final consumption activities is
 

limited by its market income and the time of its members, and
 

typically, market-determined wage opportunibies provide the rate 

of exchange between these two scarce inputs in household consump

tion. (Mincer, 1963; Becker, 1965.) Since the activity of
 

childbearing and rearing absorbs a substanticl fraction cf the
 

family's available time and market income, this approach to the
 

determinants of household demand suggests that reproductive behavior 

impinges importantly on parent welfare. Beyond some level of
 

fertility, specified for a couple by its economic environment, 

wealth, and taste3, additional births are likely to diminish the 

well-being of parents, and lead them, therefore, to search more 

diligently for ways to avert further births. From this working 

hypothesis, a number of questions follow. Should one expect that 

differences in market prices, wages, and incomes will have a 

significant bearing on reproductive behavior? Is the micro economic 

framework of choice useful in structuring empirical research into 

the critical relationships between fertility and the features of 

' the parents environment and endowments that are predetermined 

for the individual i.e. outside of his control, but which are 

ultimately subject to some social policy control? Answers to
 

these questions are hard to come by) but a number of recent
 

empirical studies1 have met with some success in interpreting
 

1The bibliography cites many of these studies. 
 For exa:,iple,
 
.se.e Becker, 1960; Mincer, 1963; Schultz, 1969 and a collection 
*of studies in New Economic Approaches to Fertility (ed.) T.W. Schultz, 
Supp. Journal of Politice.l Economy, 81:2, pt. II, March/April, 1973. 
A second conference volume will appear in a Morch/April 1974 supple
ment to the Journal of Political Economy. 



reproductive behavior as a response to the relative scarcity of
 

resources available to the household and the associated costs of
 

children. Nonetheless, important problems remain unresolved, to
 

which I shall turn later.
 

of the demand for births will be explainedThe determinants 

in terms of this framework of household choice in a resource 

constrained environment. This is clea'ly a partial approach to
 

the problem that should eventually incorporate the salient
 

biological, technical and behavioral features of the reproductive 

process that determine the supply of births. But ar, already noted, 

the biological, psychological and technical factors affecting 

both the supply and demand of' births are not yet ad'?quately 

identified or conveniently for.nulated for inclusion in the 

demand model. Despite these shortcomings, the economic framework 

of constrained choice appears to provide a general way of' 

accommodating the factors dictated to individual3 by their 

environment which presumably motivate parents to want a smaller 

or larger number of births. Ultimately the test of the usefulness 

of the demr.nd approach will be its predictive and integrative 

power in comparison with alternative frameworks. It would be 

premature to attempt such an evaluation at this time. In 

1The most obvious reason to postpone such an evaluation is
 

the absence of any comparable alternative structure r.:'
logical
 

hypotheses with empirical implications, against which the economic 
demand model might be judged. Also, the current interest of
 
economists in this topic is hardly a.decade old, and a consensus
 

among economists would be hard to come by at this time. Moreover,
 

most of the multivariate empirical testing of the demand model
 

(see Tables A and B) has been prudently focused on cross-sectiona]
 
differences in fertility that are partially "explained" by almost
 
any socioeconomic variables. The more severe test of the economic
 

approach will be to predict time-s~ries variation in completed
 

reproductive performance. Whether economic theory has any interesting 
implications for the optimal timing of family formation (birth
 

intervals, etc.) has not yet been established.
 



the remainder of this paper I shall consider some of the problems 

in restricting this formulation of the demand model of fertility 

to obtain refutable predictions; I shall also indicate how difficult 

it is to translate the relevant concepts into empirically observed 

variables; and I shall discuss the theoretical and econometric 

problems of identifying and estimating the structure tb the 

dynamic household behavioral system, of which fertility is an 

integral part. A mthematical statement of the constrained 

maximization approach is presented in the Appendix for the 

simplified case in which it is assumed that the family chooses 

between only two final consumption commodities, children and all 

other commoCities. 

The resources that individuals allocate over their lifetime
 

are ultimately their own time and their initial stock of nonhuman 

wealth. It is assumed that time is allocated between two classes 

of activities: 1) those that yield money, goods or services 

which can be readily exchanged in a market, and 2) those that 

yield goods or services which cannot be exchanged in a market 

and are therefore valued by the producer solely for their om 

consumption. Since eating, sleeping and virtually all forms 

of final consumotion require the input of one's own time, all 

persons cngage in the "production" of some nonmarket final con

sumption goods. It is also assumed that all persons allocate some 

time to the production of goods and services exchanged in the
 



marketplace.1 In this case, if the net disutility associated
 

with each of the two classes of activity is assumed identical,
 

the net value of time expended at the margin in market and non-

The market wage received bymarket activities is also equal. 


an individual equals the opportunity value of his time in non

market activities (Becker, 1965).
 

Incom, influences the demand for children, within this
 

framework differently according to which member of the family
 

experiences the change in wage rates, or whether the income comes
 

from nonearned sources. Therefore, the lack of an invariant
 

positive relationship between income and fertility crnnot be
 

interpreted as prima facie evidence that economic scarcity and 

individual choice aer irrelevant to the fertility decision. If 

children required a fixed amount of their parents' time and market 

resources, one would anticipate, however, that an increase in the 

shift their demand scheduleparents' stock of nonhuman wealth would 


for children and other ordinary goods unambiguouzly to the right.
 

However, the sirplifying assumption implicit Ln this arguiment,
 

that children can be treated as a homogeneous ccmmodity, overlooks 

the important behavioral relationship between the number of children 

1It is conceivable that individuals whose spouse was suf

ficiently productive in the market or who owned sufficient 
non

human wealth might allocate none of their time to market activities.
 
the individual's
The occurrence of such a "corner solution" leaves 


of time dependentnonmrarket allocation of time and shadow price 

upon the value of his marginal productivity in each nonmarket 

activitiy, which is ultimately dependent on his npouse'c market

value of time, nonhuman wealth, and nonmarket productiondetermined 

possibilities or technology. See Willis (1971, 1970) ard Gronau
 

(l973a, 1973b) •
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parents want and the "endowments" parents want to give each of 

their offspring. I shall return to this problem of "quality" 

investments in children in section V and methods for dealing with 

this complication. 

On the other hand, increases in the household's stock of
 

human wealth, as reflected by an increase in a parent's permanent 

(lifetime average discounted) wage rate, generate both a positive 

wealth effect and an offsetting price effect due to the increase 

in the opportunity cost of parents' time required inthe care
 

and enjoyment of their children. Since this framework is essentially
 

based on comparative statics, these changes in the houpehold's
 

human and nonhumran wealth position are assumed to be exocenous 

to the individual dacisionmaking unit. 

For linear homogeneous separable household production functions
 

(see Appendix), the elasticity of dem.nd for children with respect
 

to either spouse's wvge rate can be decomposed into a weighted 

combination of the compensated price elasticity and inccme
 

elasticity of demand for children; the price elasticity is weighted 

by the value share of the respective spouse's time in the total 

cost of children minus the value share of the spouse's time in
 

the cost of producing the composite commodity; the income elasticity
 

is weighted by the value share of the spouse's market earnings
 

Stronger assumpin the household's full income (see Appendix). 


tions are required to prescribe the sign of the wage elasticities,
 

but plausible magnitudes for these weights suggest that the
 

elasticity of fertility with respect to the wife's wage will be
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respect to the husband'salgebraically smaller than that with 

wage, given the time intensity of 	children and the predominant
 

role of mothers in child rearing. 

analyses of fertility as a demand determinedIn sum, economic 

process lead to a few simple empirical predictions, if it is
 

assumed that the resource intensity of childbearing is not also
 

incomea choice variable. Nonhurnan wealth exerts only an effect 

on the derived demand for children, increasing desired fertility. 

Increases in the wage rates of parents must have a less stimulating 

effect on the demand for children, due to the additional offsetting
 

effect of the price-of-time. Plausible assumptions coucerning
 

sex roles and rarket rewards lead 	to the predictio- that the 

to will probablyelasticity of den'and with rep-rct the wife's woge 

be negative, but under most conditions it will be at least less 

positive (algebraically smaller) 	than the elasticity with respect 

to the husband's warg3. 

Cross-sectional studies of individual countries at all
 

levels of economic development have confirmed the qualitative
 
1
 

predictions of this rudimentarj demand 
theory of fertility.


II have excluded from this survey cross country comparisons 

of fertility and its determinnnts because of my uneasiness with 

the data. Not only do the usual 	problems of relative prices
 

and inconvertible exchange rates male international comparisons 
of income levels trea.cherous, but also most of the addi.tional 
data required to test the propositions discussed in this paper
 

are not meaningfully culled from 	standard interrnatlonal compndLums. 

For example, no experienced demographer would accept r-egistered
 

birth and death rates as satisfactory evidence of' fertility and 

mortality levels in most low income countries, yet official or 

registered vital rates are the basis for many international ross

sectional regression analyses. Education statistics have their 

own probler.s; female labor force participation rates reflect 



- 19-

In part because of-the difficulties of measuring a permanent
 

wage rate, particularly for women not currently in the paid labor
 

force, education has often been assumed to be a satisfactory 

proxy for lifetime wage rates. When fertility-is then regressed
 

on the educational level of men and women, the women's education
 

coefficient tends to be negative, as anticipated, and several
 

times :its standard error, while the men's education coefficient
 

is smaller in absolute magnitude and generally less significant
 

1 
statistically. When regression analysis deals with average
 

earnings for men and women within regional population aggregates,
 

or earnings of individual couples where the husband and wife are
 

currently working, the estimated elasticity of fertility with
 

respect to women's earnings is negative and with respect to men's
 
2
 

earnings the elasticity is either positive or small and negative.
 

local conventions; wage rates for men and women are rarely
 
compiled and when they are available, they tend to represent
 
only a small segment of the labor force, such as that in modern
 
manufacturing. All of the criticisms raised later with referencs
 
to cross-sectional studies of regional populations within one
 
country, apply with greater force to cross-sectional studies
 
which span the even greater diversity of nationol institutions,
 
statistical conventions and cultures.
 

IGee for example where both male and female education is
 
considered: Ben-Purath (1970, 197Z) on Israel; DeTray (1973)
 
U.S. counties; Gardner (1972, 1973) rural U.S.; Hashimoto (1973)
 
Japan; Maurer, et.al. (1973) Thailand; Michael (1971) Suburban
 
U.S.; and Schultz (1973) Taiwan (see Appendix Tables A and B).
 

2 See for example where income, earnings or wage rates of males
 

and females are considered: Cain and Weininger (1971) U.S.
 
SMSAs; DaVanio (1972) Chile; DeTray '1973) U.S. counties; Gardner
 
(1973) rural N.C.; and Hashimoto (197) Japan. Male income and
 
female education are analyzed for the V.S. by Sanderson and Willis
 
(1971); Simon (1972); and Willis (1971, 1-973). (See Appendix 
Tables A and B.) Because simultaneo'is equations bias is probably
 
severe when both education and wages are included as explanatory
 
variables in ordinary regressions on fertility, the empirical results
 
of such studies are difficult to interpret and are not reported here. 
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The predicted ,ositive association between fertility and
 

exogenous differences in nonhuman wealth is lean often tested
 

because of the scarcity of information on perconal nonhuman wealth
 

of related savings behavior. Althoughand the endogenous nature 

wage and wealth effects are a help in accounting for crons-sectional
 

differences in fertility in high-income countric3, mortality
 

has been perhaps the most important factor affecting reproductive
 

behavior in low income countries. This "enmorraphic" varinble,
 

whose recent and sudden change is the nroxim-ate cause for the
 

"population explosion" in much of the world, affects in many
 

complex 'ays the structure of' incentives for reproducti.on. The 

next section surveys current efforts to incorporate this factor 

into the economic model of fertility determination.
 

http:reproducti.on
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IV. CTIJTD MORTALITY 

If we assume that parents are motivated to bear children 

to accrue benefits from their mature surviving offspring, the 

effects of child mortality on desired fertility can be divided 

into two partially offsetting effects on (1) the demand for 

survivors and (2) the derived demand for births. Child mortality 

decreases the number of survivors demanded by increasing the 

exNpected cost per survivor; it increases the derived demand 

for births by increasing the number of births required to obtain 

a survivor. The final derived dem.nd for births will respond 

positively to the incidence of child mortality only if the product 

of Lhe relative change in expected cost per survivor and the 

price elasticity of demand for survivors is less than unity 

(in absolute value). In other words, if a given percentage 

decline in child mortality reduces by the same relative amount 

the expected cost to parents of rearing a child to maturity, and 

the decline in child mortality induces a decline in desired births, 

then parent demand for additional surviving children must be
 

inelastic (less than one in absolute value). In the event that 

the family reduces its completed fertility (i.e. births) as the 

incidence of child mortality declines, this tendency toward 

demographic stability within the family may be interpreted as 

evidence that parents' demand for surviving children is relatively 
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price inelastic (Donald J. O'Hara, 1972; Ben-Porath and Fini 

1 
Welch, 1972). 

No one can doubt that parenthood is one of the most risky 

undertakings that economists have proposed to study, yet the 

areabove formulation implicitly assumes that parents risk neutral, 

that is, it assumes that parents consider only the expected value 

of outcomes and ignore the variance (or higher moments) and co

variance effects. The potential importance of uncertainty for 

understanding shifts in fertility has been stressed in the context 

of low-inccme countries where child mortality has declined sharply 

(T. Paul Schultz, 19§9), but theoretical analysis of the relation

ship between uncertainty and r2productive behavior is of recent
 

origin (O'I1ara, 1972; Ben-Porath and Welch, 1972), and I know 

of no empirical evidence that separates the effect on fertility 

of the mean value of mortality in the family or region from the 

effect due to some subjective meacure of the uncertainty attachJng 

to that level of mortality. 
1The elasticity of demand for births, B, with respect to
 

the probability of a child's survival to maturity, P, can be
 

expressed as follows:
 

B? = SC Cp - i 

where S is the number of births that survive from which parents
 

are assumed to derive utility under risk neutral assumptions,
 

and C is the expected cost of a surviving child which in as.sumed
 

to depend inversely on ?, and be independent of family size.
 
and iC, are both less than zero,Since it is known theat 

if their product is lessSthan unity, the elasticity of demand 

for births with respect to the probability of survival will be 

negative. Ben-Porath and Welch (1973) illustratively assume that 

-1, whereas O'Hara indicates why it might exceed in absolute
 
1CP = 
value unity. The positive relationship observed between child
 

mortality and fertility is therefore ±ugjtLive of an iInatic
 

demand for surviving children, i.e. 1"T1C ' 1. 
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However, multivariate statistical analy.jes based on both 

individual and grouped data indicate that the relationship between
 

fertility and child z-ortality is positive and statistically
 

highly significant in such varied environments and time periods
 

as Bangladesh (1951-1961), Puerto Rico (1950-1960), Taiwan 

(1964-1969), Chile (1960), and the Philippines (1968). In these
 

studies, the explanation of birth rates on the probability of
 

birth is improved by lagging the incidence of child mortality
 

two to four years. This-is, of course, rolighly the average time 

required for . mother to bear another -hild. There is reason, 

moreover, to n.n - Iptc ht older mothers with nearly completed 

famllieo will weigh h:a'ily the survival or death of earlier 

vhildren in their decision whsther to have an additionol (marginal) 

child. Consistent with this sequential and adaptive view of
 

reproductive behavior, the estimated responsiveness of births
 

to child denths is greater and more significant statistically
 

for women over 30 years of age (Julie DaVanzo, 1972; Schultz and 

DaVanzo, IS70; Schultz, 1971, 1972). Among these older women, 

the response o.V birth rates is also more pronounced to male child 

deaths than to female child deaths (Schultz and DaVanzo, 1970; 

Schultz, 1972), presumably reflecting prefercnces for femily 

sex composition. 

The death of a young child may aleo stimulate a biol.ogica~lL 

independent fc, dback mechanism that will increase the mother's 

fecundity. If the child wes still fed from the breast at the
 

time of his death, Wit- trini tivA -f l iny. rly p -thc%'.en 

http:thc%'.en


the mother's period of postpartum sterility and increase her
 

But this biological
subsr'auent fecundity and consequent fertility. 


mechanism can play only a relatively 6mall role in the widely
 

noted robust relationship between birth rates and prior child
 

deaths, for the behavioral factors, such as the mother's age and 

the sex of the child that died, continue to explain a statistically 

significant share of the variation in birth rates.
 

This evidence implies that birth rates of older mothers
 

adapt promptly to offset some of the increase in population
 

growth rates that occurs because of increased survival of children 

But in the two to five year periodsin low income countries. 

studied in these investigations, the overall responre of birth 

rates does not appear to be of a sufficient rragnitude to prevent 

population growth rate from increasing. Longitudinal studies
 

are now needed of cohort fertility to appraise the longer-run 

adjustment of fertility to changing levels of child mortality.
 

Future rates of population growth in much of the world hinge on 

the magnitude of these adjustments in reproductive behavior and
 

on the rate at which they occur.
 

all ages also increases theA reduction in death rates at 

returns to parenta of such long term investments an those in child 

schooling and vocational training relative to the returns from 

investhaving a greater number of children. If child "quality" 

ments and the quantity of children are close substitutes to parents,
 

this shift in the relative ruturns to these two activities may
 

motivate parei.ts to seek fewer children, in order to augment
 

the resources they have available to invest in each of their
 

1Ben-Porath's paper in this volume is an example of the
 

longer-run analysis that will be insightful.
 

http:parei.ts
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offspring (O'Hara, 1972). Increased life expectancy for parents
 

may in addition contributeto their greater valuation
 

of long gestation investments such as child quality, since they
 

have an increasing chance of being alive at any future date to
 

enjoy these distant returns.
 

In sum, mortality exerts diverse influences on the family
 

formation process and the incentives for associated savings and
 

investment behavior in the household sector. Although the
 

dramatic postwar change in mortality constitutes a significant
 

and pervasive shift in the intertemporal constraints on household
 

behavior in low Income countries, this phenomenon has received
 

scant attention from economists.
 

The consistent effects on fertility of the shadow price 

(woge) of husband's and wife's time, and child mortality, account 

for a statistically significant share of cross-sectional vari

ation in aggregate and individual reproductive behavior. Encouraging 

though these empirical results may seem, there still are ambiguities 

Rnd limitations to this conceptual approach and its current 

empirical application. I shall now comment on a few of the 

unresolved problems that I find most challenging. 



-26-


V. THE RESOURCE, INTENSITY OF CHIfl RFARTN( 

Earlier itwas suggested that viewing children an a homo

geneous commodity from which parents obtained a uniform flow
 

of "child services" neglects the qualitative dimensions of child

rearing over which parents exercise some choice. Reproductive
 

motivations are closely related to the amount of time, energy,
 

and resources parents want to invest in each of their offspring
 

(Becker, 1960). Widely observed empirical regularities suggest
 

that parents have a tendency to trade off resource intensity
 

per child for numbers of children (e.g. Schultz, 1969, 1970,
 

1971; DaVanzo, 1972). Understanding the determina.nts of this
 

tradeoff promises to account for much systematic variability
 

in fertility iii both high and low income countries. 

Progress in tais direction, however, has been slow for at
 

least two reasons. Unrealistic restrictions must be posited,
 

apparently, to obtain refutable predictions from models of family
 

choice in which both parents may contribute through their market
 

1Child rchooling rates are often more highly (negatively)
 

correlated with fertility than are educational attainments of
 

mothers. Conversely, a positive partial correlation is generally
 

observed between fertility and the rate at which young children
 

enter the labor force in low income countries. See for example,
 

Schultz (1969, 1979, 1971); Ierlove and Schultz (1970); DaVanzo 
(1972); Maurer, et.a!. (1973). One might conjecture that prarents 

in some poor populations borrow, on balance, from their children 
over their lifetime rather than invest in them (Schultz, 1971).
 

Increased attention to the implicitly producer good (capital)
 
attributes of children may yield additiona l insights into the 

determinants of fertility in lmw-income countries. I have not
 

seen any evidence of a theoretical or empirical nature that might 
as ordistinguish whether children should be treated a consumer 

producer durable good in the refinement of a demand theory of
 

fertility.
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earnirgs and own-time to the production of ttree final consumption 

commodities, say for example, the number of children, child
 
1
 

quality, and other commodities. Second, and more obvious, the
 

lack of agreement on how to quantify the resource cost or consumer 

value of child "quality" has deterred relevant empirical research. 

The most interesting theoretical effort to restrict the
 

general three-good model to obtain an analytical reduced-form
 

expression for the derived demand for numbers of children is 

by Willis (1971). He assumed that the husband does not contribute
 

to household production, holding fixed his full-time labor force
 

participation. With standard assumptions regarding linear homo

geneous, separable, production functions and nonrev,.rsal of
 

factor intensities, the derived demand for numbers of children
 

is anslytically deduced for (1)households inwhich the wife
 

works in the labor force and (2) for households in which she 

dces not. Two novel implications follow: An increase in the
 

husband's lifetime wage increases the demand for children by
 

a grcater amount ifthe wife engages inmarket work; an increase
 

in the wife' education (i.e. market-specific human capital) 

reduces demand for children only if she is engaged inmarket work. 

Mithout additional restrictions, the only qualitative
 
prediction isthe positive sign of the effect of nonhuman walth
 
on the demand for both quality and quantity. DeTray (1973)
 
estimated a special form of this model with U.S. county aggregate 
data and found that the wealth elasticity of demand for quality 
per child was not significantly different from zero. 

Becker and Gregg Lewis (1973) and Willis (1973) have also 
explored the implications for demand analy3is of the multiplic-a
tive interaction between child quality and quantity that enters 
the household's budget constraint if it is assumed that to 
marginally change child quality, a parent must also change the 
quality investments in all intramarginal children. 
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Further extensions of this work (illis, 1973) treat the wife's
 

labor force participation decision as endogenoun and jointly
 

determined with desired fertility, but this important stop tovard 

greater realism is achieved with a serious losn of refutable
 

predictions.
 

The merit of this model for empirical work rests on the 

who are out of the 1nbor force are engageddegree to which wives 

solely in the production of nonmarket (untradable) consumption 

(1965) sense of the word. If instead,commodities, in Becker's 

nonparticipant wives are producing at the margin substitutes for 

market gcods and services, as well as final consumption commo

dities, then the process of factor price equaliza'.tin and the 

for the two clansesdeterminants of derived demands are identical 

of households. In high-income societies the analogy between 

labor force activity and home production, on the one hand, and 

Becker's market good3 and nonmar!let com"modities, on the other, 

has some appeal. But it ii hazardous to extend this formulation 

to low-income societies where handicrafts, cottage industries, 

and local barter markets provide mapny points of contact between
 

relative market prices and the alloce.tion of a housewife's time. 

In the lcrw-income environment where m.rket specialization is lens 

developed, it is hardly surprising that both cpou,,;e will typically 

produce at home some goods th.,.t the household will also purchose 

or sell in the market. The converse hypothesis might also 

warrant investigation in high income countries, namely, an mai.et 

specialization proceeds, husbands will increasingly have a 
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comparative advantage to contribute their time to the production
 

of more nonmarket consumption commodities, including perhaps
 

children. The realiem of Willis' model for high income countries
 

is, therefore, also conjectural. 

If further refinement of the three-good model is not to
 

rely entirely on "corner solutions", empirical research may 

have to provide sharper guidance on how theoretical restrictions
 

are to be imposed. What are the economies of scale in the pro

duction of numbers of children and child qut.lity? flow are these 

outputs interrelated to other houshold consumption activities?
 

Can produiction tradeoffs be estimited from changes in the relative 

prices of these other, more nearly marketed, hour:2hcld activities? 

Can one infer, directly or Ir.directly, more about the manner in 

which parents assess quality in their offspring, which ultimately 

must motivate their transmission to children of genetic potential, 

inherited wealth, education advantage, economic opportunity and 

culture? Perha.ps an entirely new approach to the quality-quantity 

dilemna will be required? 

http:Perha.ps
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VI. pROBLEMS OF EMPIRICAL INF.RENCE AND MODFL SPECIFICATIO! 

As the framework of constrained choice has been adapted to 

analyze a growing body of data on reproductive behavior, it has 

become clear,.,that it... is. difficult-to. infer the direction, magnitude 

and timing of causality from partial correlations among the
 

seemingly relevant variables in a cross section. Elements of 

the approach require reformulation, the distinction in each 

spccific context between endogenous and exogenous variables 

requires more explicit consideration, and finally, improved 
sta

tistical techniques appear necessary to estimate the underlying
 

substantial bias.structural relations without 

Observations on exogenous differences in wage rates and
 

nonearned income, from which price and income effects might 
be
 

estimated without simultaneous equations bias, are hard to come
 

by. Virtually all of the decisions parents make over their life

time affect the subsequent structure of incentives bearing 
on
 

fertility, and most individuals recognize that their current
 

choices modify these future options. Therefore, many attributes
 

of the household and its members that reflect past or current
 

choices cannot be treated as exogenous to lifetime fertility
 

Proxies that appear initially useful as measures
decisions. 


least squares estimates of the structural relation1Ordinary 
ship determining fertility will not have the desirable property
 

variables are uncorrelatedof "consistency" unless all explanatory 
Nor can laggedwith the disturbance in the fertility equation. 

values of endogenous variables be treated as independent of the
 

disturbance in relationships accounting for the same or related 

for well known reasons. For example,forms of current behavior, 
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of the opportuniv cost of children or of given resource constraints
 

must ultimately be treated as endogenous variables in a broader
 

simultaneous yatem of behavioral relations.
 

Mate selection, the life cycle timing of marriage and the
 

allocation of both spouses' time between market and nonmarket 

activities are decisions that are intimately related to similar 
1 

price and income variables as well as underlying tastes. The 

extension of fertility models to encompass additional areas
 

of jointly and simultaneously determined household choices has
 

confirmed the importance of interactions among at least
 

three forms of bahavior: reproouction, the incidence of marriage 

(legal and consensual, where distinguished) and the sex division
 

of labor market participation (DaVanzo, 1972; Alan Frieden, 1972; 

A.J. Irman, 1970; K.M. Maurer, et.al. 1973; Marc Nerlove and 

Schultz, 1970; Schultz, 1970). Beyond this core, models of 

the probcbility that a woman works in the pa.id labor force will 
in general not be independent of the disturbance in the relation 
accounting for her fertility. Labor force participation patterns 
earlier in her li.fe cycle are also influenced by observed and 
unobserved features of her environment that will be highly serially 
correlated, and that will continue to affect not only her lcobor 
force participation but also reproductive behavior. Clearly, 
individual tastes for children and more generally tastes for a 
wider array of market and nomiarket goods may be such on unobserved 
variable influencing both forms of behavior. In such a dynamic 
system of household behavioral relations, simultaneous equations 
estimators would appear generally appropriate for the study of
 
structural equations determining fertility. 

'For example, the educational attainment of the wife, which 
I.regearded above as an exogenous determinant of the opportunity 
cost of her time in childberring, is not an exogenouL variable 
with respect to her husband's wage rate, education, or tastes 
for children. The selection of mates is iundoubtedly responsible 
for the high simple correlation between educational attainm-nts 
of spouses. 
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household decision-making might be reasonably extended to incorporate
 

additional allocative choices that are also probably endogenous
 

to the determination of fertility, such as savings and nonhuman
 

capital formation, migration and, as emphasized in the preceding
 

section, the resource intensity of the child-rcaring process.
 

tend to be formulated
But these simultaneous-equationa models 


in static terms and tested, most often, against croso-sectional
 

data from one point in time. Though I would not deny that this 

abstraction has proven a powerful generalizing device, little
 

attention has as yet been given to the question of vhat economic 

theory and statistical techniqucs can say aboiit dynamic models 

of behavior. Reproduction occurs sequentially, nnd the constraints
 

of economic and dremographicon childbearing affect many other areas 

decision-making in the household and are influenced therselves
 

1
 

by prtst reproductive behavior.


In cross-sectional studies, explnnatory variables are at
 

best discretely lagged a few years, a3 noted with regard to child
 

deRth rates, to r3present the time required for reproduction to
 

respond and for birth control information to take effect (Schultz, 

But the stochastic biological nature of the reproductive
1971). 


process and the numerous neglected features of the individual
 

that could affect reaction times suggest thr.t a distributed lag 

would be more appropriate to the study of changes in fertility.
 

1 Sanderson and Willis (1971) use numerical oi.ri.aticn and 
dynamic programing techniau-s to explorc this requential famy
 

formation process, but unfortunately there is no empirical
 

foundation for most of their specificationn.
 



Identification and estimation of these lag structures ari, 

nonetheless, difficult because of the limited availability of 

time-series information and the strong positive serial correlation
 

(over time) of relevant characteristics of regional populations
 

or individuals, such as wages, nonhuman wealth, industrial 

structure, and schooling.
 

There is as yet little evidence on the magnitude of parameter 

bias introduced by misspecifying the dynamic process determining 

fertility by static approximations estimated from a single cross 

section of observations. In one instance, I prccnt a demand 

model for birth rates in Taiwan estimated first on the basis of 

cross-sectional data, and then reestimated on the basis of a 

dynamic formulation using a combined time-series of cross sections
 

(T.Paul Schultz, 1973). Parameter estimates shift substantially
 

between the static pooled cross-sectional formulation and the
 

dynamic specification that utilizes both dimensions of the time
 

series of cross sections. The changes inparameter estimates
 

conform to those predicted by theory when appropriate weight is 

ascribed to time series variation in the estimation procedure.
 

Cross-sectional estimates of the impact on birth rates of slowly
 

as mortality1 

changing environmental constraints, such child 

,For example, the systematic portion of the regime of 
mortality is determined by such slowly changing factors as 
long-term investments inpublic health, sanitation, water supplies
 
and transportation, or geography and climate, or socioeconomic
 
characteristics of the population, and thus interregional dif
ferences in child mortality contain a relatively stable component 
over time. High positive serial correlation in regional differences in
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and wage rates, tend to be biased upward or distorted (see Table A,
 

columns 8a and 8b). Conversely, the influence of factors that 

are less highly correlated serially over timo, such an recent 

family planning activities, tend to be underestimnted. According 

to this study, estimates of the parameters to a dynamic behavioral 

process, such as fertility determination, mny be seriously biased, 

if they rely only on the informa.ion contained in a single cross 

section.
 

Finally, the character of family size suggests that linear 

demand models are too restrictive for the study of fertility. 

Both theoretical arguments (Willis, 1973) and cmpirical evidence 

(Ben-Porath, 1973; asanori II-shimoto, 1973; Julivn L. Simon, 

1972) have been presented for nonlinearity between explanatory 

variables and fertility. But at a more fundamental level, there 

is the question of how to specify the utility function with regard 

to numbers of children, and how the production function for 

mortality implies that cross-sectional observations on mortality
 
in any single time period contain substantial information about
 
the interregional differences that existed five, ten and perhcaps
 
even 20 years earlier. If the factors incresan g mortality over
 
the long term were asndciated with highe r levels of fertility in 
the cross section, the positive observcd relationship betw -on 
child mortality and fertility ,ould overentimAte the direct short 
run influence of a change in child mortality on fortil ity. If' 
the association between the long tern determinants of mortality 
and fertility were causal, then the observed cross-sectional 
relationshin between child mortality and fertility would also 
spuriously overstate the long run influence of mortality on
 
fertility. 
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children changes with scale. Linear dcmand models presuppose
 

that the desirability of all increments to family size are affected
 

identically by shifts in economic constraints. It seems reasonable
 

to me, to now study separately the sequential binary choices made
 

in the family formation process; this approach would in fact
 

determine whether price and income effecta differ by birth order.
 

1Recently Leibenstein (1973) han proposed a new c,.u-i.,vr. 
framework within which to interpret fertility dcilines that 
stress,the benefits and costs of having children of a specific 
order. He suggests that the marginal cost declines with additions 

to the family, and the marginal benefit may increase before it
 

ultimately declines. But the principal thesis of the paper is
 

the importance of "status goods" which, it is asserted, claim
 
an increasing share of expenditures in a given status group as
 

development compresses the social structure of personal incomes.
 

Until further theoretical elaboration of his approach is set
 

forth, or empirical proxies and methods of application are
 

proposed, I do not see how the framework could be challenged
 
(or illuminated) by obvious sources of data.
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VII. MPII~ICAL APPLICATO OP T F O 

I have summ.-rized in Appendix Tables A and B some of the
 

salient empirical findings of several recent investigations into
 

the determinants of fertility that have been guided by this 

Great caution should be exercised
model of constrained choice. 


in interpreting these distilled results, for analytical detail
 

and the questions addressed by the authors differ. Since no
 

consensus has yet emerged on the "appropriate" specification of
 

the demand model of fertility, investigators have made do with
 

very different sources of data, different proxies for the essential
 

economic variables, and diff2rent "control" variableq. Noneth*M

less, the collected tableau suggests patterns as mentioned earlier
 

inthe paper, and may provide a convenient st of references to
 

a scattered literature. Table 1 reports the range across studies
 

of the elasticity estimates of fertility with respect to the
 

variables that are consistently emphasized in the economic view
 

of the fertility determination process.
 



---
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TABLE I 

IANGE OF ESTIfATES OF THE ELASTICITY OF FERTILITY 
WITH RESPECT TO THE CENTRAL VARIABLES 

IN DEIAND MODELa 

Explanatory LeveAl of Per Capita Income 
Variable Low (Table 1) High (Table 2) 

Women's Educetion -.17 to -.06 -1.1 to -.19
 

Men's Education -.98 to +.55 -. 4 to -.06 

Women's Wage -.16 to -. 35 -.6 to -.17 

Men's Wage +.05 -.11 to +.23 

Family Income --- +.09 to +.38 

Mortality +.05 to +.28 

xpl~nat orv.Note: 

aCertain of the estimates appears to not be comparable
 

because of functional form of model estimated or nature of
 
proxy varitables analyzed. The studies of Willis t1971) and
 
DeTray (1972) fit a riodel partially in logarithms. Willis 
obtained an unusually large elasticity of fertility with respect 
to his prory fcr female full-time potential market earnings of 
-1.99. LeTray obtained elasticity estimates that are within the 
ranges reported. The interaction model estimated by Sanderson 
and Willis (1971) are reported without elasticities or variable 
means, and are hence not represented in the table. Cain and 
'Weininger (1970) female education variable is not comparable with 
the other average or median years of schooling variables (see 
note d) Table B). The Kibbutzim case (Ben-Porath case le) is 
excluded as noncomparable. The non Jewish communities in Israel 
are classified with the studies of low income countries although 
they are reported in Table B. Median years of schooling in these 
communities is4.9 for males and .7 ior females, contrasted
 
with between 8 and 10 for both sexes inthe Jewish settlements
 
of Israel.
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VIII. IMPLICATIONS FORP-JBLIC POLICY 

There are several ways a society may go about influencing 

its level of fertility and rate of population growth, if it 

decides such a change is socially desirable. It may legalize
 

and subsidize the dissemination of birth control knoiledgc and 

orelated goods and services, .king it easier for people to avert
 

unwanted births. A society may decide to go further and try in
 

addition to influence the number of children parents want, sensing 

that at this time a divergence exists between private and social
 

interests in having additional children. Two options are then open. 

Payments and/or pemalties may be introduced to ell-1t dire.tly 

from individual parents the desired change in reproducti.ve behavior.
 

Alternatively, social policy rv..y be promoted that changes -,he 

structure of household opportunities in order to affect indtrectly 

the number of children parents want. Although it vould be pre

mrzture to suggest tiat the derrtnd approach to underst.anding the 

determinants of fertility has yet shed much light on the design 

and evaluation of population policy, this general theoretical
 

approach might help in the future to choose among these clases
 

of: policy measiires and aid in thpir individual effectiveness 

evaluation.
 

Family Planning Evaluation
 

The most common approach to evaluating family planning
 

programs is to measure the program's output of services per unit
 

of input. Information on c.he age of individuals accepting a
 

http:reproducti.ve
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method of birth control in the program and the clinically estimated 

effectiveness of the method they adopt can be converted to a
 

sophisticated measure of the potential number of births averted 

by the program's services given the biological fecundity of 

"acceptor" population. But no method has been devised to estimate 

the extent to which program subsidized services replace or sub

stitute for other higher cost and perhaps less reliable sources 

of birth control available in the private marketplace. The more 

price inelastic is parent demand for children, the smller would 

be the actual effect of' a family planning program on the birth 

rate, as a fraction of the potential contraceptive effect of the 

program's services, and the larger would be the "Cubstitution" 

effect. 

If the evaluation of population policies is to be substantially 

improved, the tenuous link between the distributlon of family 

planning activities and the resultant decline in births must be 

verified statistically. In this instance, it is not Tiasible to 

measure directly the unobserved relationships that constitute
 

the chain of events linking policy instruments to policy ob3;ctives. 

Indirect procedures of statistical inference are, therefore, 

unavoidable. But if these procedures are applied with care,
 

they might greatly increase the precision with which family
 

planning programs are currently evaluated.
 

The demand approach to fertility determination stresses
 

the need to identify and to allow for the influences of changing
 

economic and demographic constraints on the household sector that
 



are likely to modify reproductive goals. In most countries,
 

family planning activity is likely to be correlated with the
 

level of those socioeconomic constraints and their change over
 

time, giving rice to differential rates of birth control practice
 

and program acceptance by region and class. To infer what inde

pendent contribution a family planning program has made to the
 

level of fertility, it is necessary, therefore, to analyze
 

simultaneously the (eyogenous) factors affccting the demand for
 

births and the family planning program inputs in conjunction with
 

if possible, individual -rtili.y b,-hr.vinrregional, class and, 

(Schultz, 1972, 1973).
 

Summarizing the success of population policy in terms of its
 

ay overlook the important distributional
impact on the birth rate, one 


An economic analysis of
 consequences of public family planning programs. 


family plaining might view this activity as an investment, aug

menting and diffusing a useful stock of new knmoledge about
 

techniques of birth control, not unlike technical assistance
 

through farm extension agents. By lowering the fixe& informa

tional costs and perhaps also subsidizing the marginal user
 

costs of modern methods of birth control, this investment should
 

contribute to more efficient patterns of birth control adoption.
 

However, there is growing evidence that suggests the distribution
 

of benefits among segments of the population from a national
 

family planning program favors the poor and disadvantaged. These
 

personal distributional effects of a family planning program
 

may be as important as any overall measure of the program's
 



effectiveness in reducing the birth rate. Although all classes
 

might benefit from the reduced marginal user costs, the fixed
 

informational costs are probably a particularly severe ba rrier 

to adoption among segments of the population that reside Ln 

remote rural areas and have less sophisticated skills for searching 

out and evaluating the benefits of new products and services. I 

would hazard to guess that in a dynamic society the benciits in 

terms of reduced fixed informational costs are likely to be greatest 

among the lowest classes. If this is true, the highest payoff 

to family planning over a period of generations, will be in
 

slowing or reversing the disconcerting growth of economic dis

a society.1
 parities among classes in 


Policies May Modifv Both the Demand and Supply of Birthn
 

The past search for policy options to cope with rapid 

population growth mirrors a natural but nonetheless one-sided 

technocratic view of the complex social problem. It seems far 

simpler to disseminate a better birth control technology, whiCI 

is already operational in developed countries, than to modify 

parent reproductive goals by processes of social change that tend 

to be unique to each culture. For example, expenditures on family 

planning that seek to lower the supply price of modern birth
 

control technology and hence reduce the cost (pecuniary and
 

subjective) of restricting fertility are a widely approved
 

1See for examplb the illustrative simulations of income and
 
wealth inequality performed under different class structures of 
fertility by Pryor (1973).
 



policy response. Alternatively, expenditures on, cay, public
 

health that seek to reduce child death rates, contributing to
 

a downward shift in parent deman, for numbers of births, is
 

thought to be a counterproductive or at best a controversial
 

policy strategy. Both nets of policy options--the "supply" 

and "demand" sides--need further quantitative study if decision

makers are to be able to select an equitable and efficient mix
 

of family planning and development policies for each social
 

setting. 

A controversial dimension of the problem is forecasting 

technological change. In my judgment, further improvements in
 

birth control technolo ri cannot continue to reduce the cost and 

increase the acceptability of nCier control techniques ag they
 

have in the last two decades. Given the apparent pricu irelas

ticity of parent demand for children, one iroy doubt whether
 

further improvements in birth control tnhnn1o[; wl]1 be rpe.punnible 

for a continuing fall in desired or actual fertility. The
 

distinct possibility exists, therefore, that if family planning 

programs throughout the woril succeed during the next few rlecades 

in transmitting their more-or-lens fixed stock of information and 

services to all social strata, further activity in the family 

planning field will have a sharply diminishing payoff. Thin is 

already evident in a small country such as Taiwan that has had
 

a massive and an unusually effective national family planning 

program (Schultz, 1973). 
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The relative emphasis that a society should attach to
 

population policy interventions that operate through the demand
 

and supply of births depends on numerous factors, but these
 

conditions and underlying relationships are amenable to study
 

and measurement. If, as is often asserted, familial behavior,
 

involving marriage, reproduction, and women's role in the labor
 

force, is particularly resistant to environmental changes associated
 

with alternative development strategies, then to align develop

ment policies to foster the adoption of smiller family size
 

goals may be ineffectual. Public policy would then wisely emphasize,
 

for the moment, improvements in birth control technology and the
 

dissemination of these improved techniques to all ctrata of
 

society. Alternatively, if demand for children is price inelastic,
 

as appears to be the case, and family size goals are insensitive
 

in the long run to the available mode of'birth control, widespread
 

acceptance of better birth.control methods may not independently
 

sa.-nplish substantial reductions in the level of fertility.
 

A common reaction to the apparent declining efficacy of
 

improved birth control technology in the aftermath of a successf'ul
 

family planning program is to explore direct economic incentives
 

to change parent reproductive behavior. The common "'economic
 

welfare" arguments used in this regard to buttress the case for
 
1 

slowing rapid population growth are seriously flawed. In applying
 

1The micro economic appro.ch calculates the present value
 
of preventing a birth, as advanced by Stephen Enke, but ignores
 
the nonpecuniary returns from children, and presumes that
 
parent resources expended on their own children are somehow
 
social costs. The second approach constructs a macro economic
 
growth model and simulates the effect of population growth, as
 
pioneered by Coale and Hoover (1961). Social benefits are essentiaSly
 
measured in terms of per capita income which also excludes, conveniently,
 

http:appro.ch
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economic logic to the evaluation of the consequences of population
 

growth, the unacceptable assumption is implicitly mede that
 

children are nothinr.gore than a pecuniary investment. Although
 

these average productivity or efficiency arguments for slowing
 

population growth by direct incentive payments to parents are
 

conceptually inadequate and empirically misguided, the consequences
 

of rapid population growth on the personal distribution of income
 

and wealth are less ambiguous. Moreover, in the long run these
 

equity effects of population gr.rth are possibly rmora imnortnnt0
 

The attraction of the demand model of fertility is that it 

identifies environmental conditions that prcsumably motivate
 

parents to w.ant ftwer children and invest more in crch child,
 

and moreover, these conditions are generally linked to eminently
 

desirable social investment programs that should contribute in 

the future to a less unequal personal distribution of income.
 

Support is gro.wing for such programs as, for example, promoting 

the health and nutrition of mothers and young children, accelerating 

the growth of educational opportunities at the clcmentary and 

secondary level for women aa well as for m-2n, facilitating the 

entry of women into the labor force, and strengthening the economic 

and legalstatuu of women and children. Such fund arv.nt-aI changes 

in any social order will meet with substantial resistance, and 

as levers to lower fertility, these changes may perhaops absorb 

more resources per averted birth than alternative options. But 

the returns to promoting such chaenges in social organization and 

the nonpecuniary returns iarcnts obtain from their offspring. 
See R. Blandy (1974).
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household resource allocation are broader than their effect on
 

birth rates. To compare the social returns from direct incentive
 

payments to parents to avert births with indirect investments in
 

social change that promise, among other goals, to reduce desired
 

family size will require two major advances in the social sciences.
 

First, agreement must be reached on how to characterize a society's
 

interpersonal. and intergenerational goals and their tradeoffs.
 

'Second, a much improved understanding will be required of how
 

economic and demographic variables are-influenced by, end affect,
 

reproductive behavior both at the level of the family and the
 

community.
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APPEND -,T
 

Anoul~ine .fthe Household Production Approach to Fertilit'
 

This framework is typically stated in terms of a single 

period integrated family utility function, a serics of production
 

functions for final untraded consumption commTodities, and a 

budget constraint expressed in terms of both the time of family 

members and m-irket goods. 

U = U(Z 1 , Z2 , ... , Zn) (i) 

Zi = fi(xi' Mi' Fi) for i = 1,2, ... , n (2) 

Y = xip i = W Nm + W N + V (3) 
i i in r f f 

=M. + N ? + f =T (4)
P1 in i f' 

where U(.) is the family utility function; Z'c arc final con

sumption commodities; f's are production functions using market
 

goods, x's, husband's time, 11's, and wife's time, F's; Y is money
 

income; p's are money prices of market goods; Um1and Nf are 

husband and .;ife time allocated to market activities for money 

wages of Wm ard Wf, respectively; V is the return on the family's 

nonhuman wealth; and T is the total available time each spouse 

has to allocate between market and nonrrarket activities. 

'The origins to this approach may be found in Mincer (1963) 
and l cker (19C5), and are stated in the simplified manner pre
sented b-21., by Ben-Forath (n9..) and eiabo?'-ted in d1ft'erert 
directions by illis (197, 1973), D..ray (1973), M.ichael (19/1) 
and Decker and Lcwis (1973). 

2Utility is maximized sulject to technolory, time, and income 

constraints when 

.. + . * 7+ _._mT),fr ....X(TiT . Z . . - Z for i = 1, 2, . n 
BZi i * TZi Ti l 
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Assume that there are only two nonm-arket commodities, the
 
(
 

number of children, C, and all other commodities, G, and that 

both production functions are linear homogeneous and independent 

of each other. The fall price of the ith comnodity is 

Zi TT = + F Wf + pi x. ; i = C, G. (5)iM.W 

Full income, I, of the household is then defincd as 

I = eC + TaG = TVf + vm + V ; (6) 

the full price elasticity of demand for the jth commodity is
 

d Zd Z 
jj ddj j 

and the full incorme elasticity of demand for the jth commodity is
 

_.:a. I 
jI -_dI Zj 

The income elasticity is positive if j is not an inferior commodity.
 

The own-price elasticity, holding income constant, must be negative.
 

The elasticity of demand for children with respect to nonhuman
 

wealth, V, is
 
V dc 
 (7)
 

where X is the marginal utility of income, and p is the marginal 
utility of time. The ratio of'nnrginal products of all inputs in 
each activity are equal to the ratio of their shadow prices when 
the optimum allocation conditions are satisfied; for example for 
the Mle, 

- for i = 1,2, . n. 

See Gronau (1970) for an empirica] application of this simple
 
model to the study of siugle person households or Becker (1965)
 
for further elaborations of the frameiork. 
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and if children are not an inferior commodity, as seems plausible,
 

this expression should be positive in sign.
 

The shares of the total cost of the ith commodity accounted
 

for by the husband's and wife's time input are
 

Mi Wm 

Sml - Zirri 

Fi Wf. 

S - , respectively. 

Following Ben-Porath (1973), the elasticity of demand for children
 

'with respect to a change in the husband's or wife's wage can be
 

expressed in terms of these value shares, the shares of full 

income earned in the market by each spouse, and the compensated 

(holding full income constant) price and income elasticities of 
1 

for children.demand 

W N W= -M ~ (Sm StG + I M (B) 

,nWmC m % c G NcIW 

wf L = If(S s) + I f. (9)1C"If-- " bwf IC I " Ci " c 

The elasticity of demand for children with respect to a change
 

in the return, r, on the household's nonhuman wcalth, A, where 

r = V/A, is
 
r V
 

'lCr = C r I "C"
 

1The. expression for the derived der-and of a factor also 
includes the possibilities for substitution betwccn husband's 
and wife's time in production. The above expresion Thr the 
elasticity of demand for childrern permits cnly the substitution 
in consumption to occur alonC a given mo',.ltuct!oil icoquant. The 
compensated price elasticity may be alternatLvely defined as 
the product of the share of income spent on other household 
commodities and the elasticity of substitution between chidren 
and other household commodities (but with the opposite sign). 
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Generally it may be assumed that Nm W > Nf If,sincem 

both males' wages and market hours worked tend to exceed those 

of females. The positive income effect associated with a change 

in male wages will, therefore, usually exceed that associated
 

with a change in female wages, but the price effects are more 
i 

complex. If it is assumed that the difference between the
 

female time intensity of children and that of other nonmarket
 

goods equals or exceeds the difference between the male time
 

intensity of children and that of other nonmarket goods, or,
 

in other words, that
 

(fc - SfG) > ("Smc - SamG),
 

then the relative magnitude of the income effect prtvails and
 

11 > (1)1f 


This formulation of the determinants of consumer demand in
 

terms of price and income effects yields regrettably few refutable
 

empirical propositions. The effect of an exogenously determined
 

increase in the net price of a child, whether it stems from a 

shift in anticipated costs or benefits, should decrease demand
 

for children. The effect of an unanticipated permanent increase
 

in income, holding prices constant, should relax the family's
 

resource constraint and stimulate increased demand for children 

and other o:rdinary gcods. However, depending upon the ultimate 

1If one assumes that only one spouse, say the wife, allocates 
time to the production of C end G, stronger conclusions obtain 
(see Rybczynski, 1955; Gronau, 1970, 1973; Willis, 1S71, 1973), 
notably when the wife ceases to work in market activities al..ogether. 
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source of the increase in income an offsetting increase in the
 

opportunity cost or time-price of a child may also take place,
 

weakening or even rev3rsing the net effect of the increased income.
 

Given plausible parameter values for relative wages, market
 

work and time intensity of nonmarket goods, one might anticipate
 

that -the effect on demand for children of a change in male wages 

should be more positive than that of' a change in female wages. 

Indeed, even if price and income elasticities of demand for
 

children were of approximately the same abnolute magnitude (but
 

of opposite sign), increases in male wages could increase demand
 

for children, anl increases in female wages could decrease demand
 

because of the different value shares attached to onch. 1 If the 

1A numerical example may clarify hcw these rplotionshirs 
might work. Let us assume that mon receive a vag-r 50 percent 
greater than women (say i3 versus ,-.); and men wo±-t four times 
as much in market activity as do women (4/5 as compae3rc with 1/5 
of their allocatable time); and women allocate six tcnths of their
 
time to child rearing and men only one tenth; with the ren.maindcr
 
used in the production of other nonmarket gooCc; one fifth of the
 
hiousehold's market income is spent on children; and nonhum:an weallth 
income (per similar time units as were used to measure wages) 
amounts to $.2, then approximntely SiC = .571, S .129, Smc =-.143, 

Stag = .097, and I = $5.20. Assming the same absolute magnitude 

for income and-price compensated elasticities, say jjCI = .3 and
 

1]CTc -. 3, we obtain the results by plugging in the illustrative 
c 

values: 
%,= (-.3)(.A42) + (.077)(-.3) = -. 110 

%-7. = (-.3)(.046) + (.46)(.3) = +.124 and 
m 

11Cr = (-.3)(0.0) + (.04)(.3) = +-012 

In this example the negative price effect aosociated with the
 
male wage is less than 3 percent of the price effect associaLed with
 
the ferale wagd, whereas the male wage income effect is more 
than five times the female wage income effect. Con:equently, 
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income elasticity were absolutely smaller than the price elasticity
 

as seems likely, the relevant wage effects on the demand for children
 

would all be reduced, or more negative.
 

The only observable source of exogenous variation in the
 

relative price of children is associated with the value of time
 

parents allocate to the care and enjoyment of their children.
 

No progress has been made in measuring the pecuniary or subjective
 

returns derived from children as either producer or consumer
 

goods, respectively. At this point one is again confronted by 

the jointness of parent choices regarding the number of children
 

they want and the resource intensity of child :xearing they deem
 

optimal. Almost any observable measure ef differcntiol costs of 

cl!d rearing implicitly reflects some degree of parent choice, 

and is hence endogenous to the decision-making process that the
 

demand model of fertility seeks to explain. 1 

the sex specific relative magnitudes of both the price and income
 
effects contribute to the more positive (less negative) effect 
on the demand fOr children of a change in men's wages cumprcl 
with women's wages. Because of the small share of household 
income that was assumed to 'low from nonhuman assets, the ma-gnitude 
of a change in the (interest rate) return on these assets elicits 
a small, but necessarily positive effect. An unanticipated chalnge 
in asset level would, of course, effect the dennnd for children 
directly via the assumed income elasticity of' +.3. 

It might be more realistic to assume that the income elasticity 
of de and was much smaller, say +.05. In this case, the elasticity 
of demand with respect to female wages would be -. 13, with respect 
to male wages +.01, and with respect to a change in interest rates 
+. 002. 

1 One can imagine that regional differences in climate and 
agricultural conditions might exogenously dictate regional 
differences in the productivity of child labor with associated 
effects on desired fertility levels. Analysis of the structufe 
of wages by age, sex and education in low income countries '.3 
an important but neglected field of economic study.
 



TABLE A (LOOTOTES 

aForm of estimation equation such as reduced-form equations 
(only exogenous explanatory variables) which may be estirrtted 
by ordinary least squares (OT'), structural equations (including 
endogenous explanatory vri, estimated parhas by an instr
mental variable technique such as tjo stnre e ',ssquares (TSLS), 
solved reduced-form equtions, derivd from the sjnltancous 
equations estimates of the re lated structiural cq',ti ons (,enorally 
without t statistics), and when P. time series oi cross sections 
are pooled for either a reduce] form or a strimctural equation, 
estimates mcay be reported usinc a generalized Icast scueares 
procedure (Gi-) that assumes a Uerlovian t,o-cc:,oonent stochastic 
structure to the disturbances. For instrucental variable estimates 
asymptotic t statistics are reported. 

bFor definition of explanatory variables, includinr,those 

not reported in table, see origir.'a] studies 

cAsptotic significnce of entire ecuation can be evaluated 

with the F ratio when TSTJS es5ima.te are co.%vite,]. See Dhryi 
(1969). Fcr OLS and GLS of rcdflced form 1, cam beRquat:ons,uwcd
 
to test the equation's overall statistical si[nii'icu:ance.
 

dArithmetic sum of Thgged coefficients, and averaged t
 

statistics.
 

eChild death rate entered regression as the reciprocal of
 

child survival rate. For comparability and ease of interpre
tation, the second elasticity estimrates are with respect to the
 
child death rate.
 

fArithmetic avera.ge of rcgression coefficients, t statistici, 
elasticities and 11 cross-sectio:.al2 frm five annual regrressior:. 

gThe women's wage was treated as endogenous to this investi
gation and is therefore estimatted as a linear function of exogenous 
variables such as women's education, etc. 

hThe solved reduced-form equations are reported without
 

asjmptotic standrd error estimates. The elasticity estimates
 
for education variables incorporrte also the effect of an additional
 
variable that is nonlinear in male and fetmale education, namreiy, 
the relative educational attainment of wor:ern to that of men. 

http:11cross-sectio:.al
http:avera.ge
http:es5ima.te
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(.A'ter each rcSression coefficicnt the absolute value of the t ratio is reported in
 

parentheses and elasticities at regresion eans is in bracket)
 

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

Au'hur Schultz Schultz Nerlove-Schultz Harman 
ticar; page) (1969; 171) (1970; 43) (1970; 45) 1970; 29-30 

.... t__!on Puerto Rico kypt Puerto Rico Philippines

(-=) (1951-1957) (1960) (1950-1960) (1968)
 

r t long Regions Reglons Regions Individuals) 
-ber) (41)
(:,- (75*7) (78*11) (250)
 

-.,e.s., a Reduced Form Reduced Form Structural Structural 

(CLS) (OLS) (TSLS/GLS) (TSLS)
 

Births per 1000 Children (0-S' Births per 1000 Children Ever Born 
V,'r:bI e Population pur Woman (15-49) Population per W1omen aged 

35-39 

I..nto.rt 

Education -1.58 -1.95
 
(5.3) (.153 (3.2) (.20].; 2. I.:.'xEdu2.i tonS
 

-65.2 

-.092
 

3. ' (4.0) [.087 (1.6) 1.094] 

" 4. Xen's
 
* Education 

5. Xen's Wage 

6. Death Rate 1.18 
 .302 5.76 (3.9) 11.0]
 
(3.5) [.27 jd (1.6) (.082]d [ .4]1 

R2 (Fdf)c .46 .537 (27.3) (3.5) 



PD~TALE A
 

COU VIE D=6ERL.ANTS Or FERTILITY$M.AY OF DTIRICAL 	FINDING FOR LO0W cou. .v-sO 

(.fter each regression coefficient the absolute value of the t ratio is reported in
 

parentheses 	and elasticities at regression means in in brackets)
 

(5) (6) 	 (7) (8a) (8b)
 

SchuLtz 	 DaVanzo M-urcr, et nl. Schultz Schultz
 
(1971; 61) 	 (1972; B0) (1973; 20-29) (1972; 36) (1972; 38)
 

Taiwan Chile Thailand Taiwan Taiwan
 
(1964-1968) (1960) (1960) (1964-1969) (1964-1969)
 

Regions 	 Regions Regions Regions Regions 
(361) 	 (50) (71) (36107) (361*7) 

Reduced Form 	 Structural Solved Reduced Reduced Form Reduced For= 
(QLS) 	 (TSLS) Form (TSLS) (OLS) (GLS)
 

Norr.l!zed Births Children Ever Born Children Ever Births per 1000 Births per 100
 
per 1C03 -'o=en per 100 Worcn aged Eorn per ',omea Wozen aged 35-39 Women aged 35-39
 
aged 35-39 35-39 aged 35-39
 

.422 	 -.0926 (.13]h 98.2 -45.4.
 
(1.97) 	[18 (.1 (9.2) .371 (2.78) [.171


-1589 -22.6 [1]
 

(1.84) [. 35 1g 
.526 1.55]h -274 (16.0) (1.41 -174
 

(7.9) [.983 
170 (.33) (.054[ 	 5
 

5.61 	(9.3) [5.5 3f 7.65 (2.72) 1.281 432 (17.9) (3.93 172 (8.2) [1.53 6 
[.41]0 .28] (.h1i 

.433f (14.4; 6.3) (13.9; 7,4) 461 	 .809
 



5.1.A.T 0? MUZCAL 7ZM12 	 T70 	 HIM 1NCCXS CC-2?13 ON M V--rDPMrA. 0? ?r 

-	 ter eah reresesto eoeffLcLeuqe. the ebeolute value o: t-he t ratLo Is reprted-1n parentheges-snd' el-stc~ttea at re:,reosiom sea I £ bacIketo) 

CA() (lb ' (Ic) (2) (3) 
___ En Breth S3n. Sara Calmn6'cininrcc 11( 	 "';P!-e-) (1M0 S 1973; 'tl~s

(1970; Table 3) (1971. 61)
 
5210-S2"1)
 

__._______ 	 Israel (1961) Same Sas- U.S. - Urban U.S. 
t " " IMLta Census (1960) V.tte Cen:us (1960) 

0 .0 72t!051e Retons: jevish 10or Joevlh (133) F-bbutzin (190) t1"jor Cit.es Ae-regated Cells
To.'ms and V:oshavLat S:':;h. (100) (1920) 
(4:7)
 

Reduced Frm (CL) Ss Seam Reduce.,Form Redticd Form 

ree- ent Ate For"-%ltze4 same Same Ch'!eren Ever 3ora ChildrenEver rn
Birth Rate 
 per 1000 Vemen Ever per :3--cnA ed 35

r'.rrlcd ArcJ 35-44 44. Married 22 years 
or Wlre 

I. 	 -.-cet's -.132 (10.) (1.11 -.032 (4.2) (.053 ,o1 (1.5)5, 3.9d (5-4) 1.043 

2. 	V:en', e-,-	 - -27.2 -1.99, (3.97) ,33 (3.38) 

3. 	 :en's -. 049 (2.6) t.41 .022 (1.0) t.113 .009 (.4)1 -
£lucztio
 

6. 	 en's 9.7 -. 0289 e f 

% (1.84) (.231 (1.17) 

5. :%e: o  ..
 

6. 	 FAMnti? ?oaad 
Const..;t cn 

-	
- .4963 

(284)
 

l2 (?*di) 0 
.33 	 10 ,017 ,52. U,2,
 



*tmaya? L'hRICA1 r? 	 3~ 702 zicu z.%ccX cc .nz!5 omiM. v~.' 0? 1L 7 

CWfter each rereasio coefLLcle t the abrolute value o! Lae t ratio !a reported In parentheses and elasticieco at rq-reasioz seano In bracketo) 

(3) 	 (&a) (sb) (A) (5) 

S~ndersoa 1.V.lits S$reI chae
 
(1971; 61&) (1971; Table 1) (1911; 26)
 

U.S. 	 U.S. itte X.rrled Same Sate U.S. Sur'jrbam 
Vhtte Cenrus (1960) Cnce :ubajrd Present Survey (1958)
 

Census (1960)
 

Acregated Celle Iu:;"3t Occuaticon Same Sans lcro rouseholds
 
(1920) by wlfe's LdJucaclon (98) (98) (513)
 

Reduced Form 	 reduced Form Sia Sae ReJuccd 7oru
 
(OLS) 	 (0'-S) (O.-S)
 

Children.E*,ier ?,. 	 Children ever Zarn Children ver 2o4m Children tvar 1Ircr of Children= 

per :en Ared 35- per Vomen aged 35-44 per Votea Aged 44-54 per Vo=en Aged :.-6- In 1L..sehold per
 
44, Y..3rrltd 22 year$ Vomen Aged 35-39
 
or More
 

-.175 -.192 -.155 	 -. 0617 
(4.67) (7.04) (4.43) 	 (2.18) 1.291 

e 

-1.99	 - . 

- -.0124 3. 
(.47) [.064] 

-.0289e 	 -1.77 -.192 - 1.65 4 
(1.17) 	 (2.25) (3.27) (2.47)
 

.151 .150 •50
.os. 


(2.66) 	 (3.62) (1.58) 

•.496' 	 " - - .160 6. 
(284) 	 (1.80) [.086] 

5,4, 	 .253 .60.437 	 ,010
 



.(6) (2) 


Author C~rE-er rrer 


Cyclic. (1S2; 922f972. .22
Pose) 


?*,u:ttoa 	 LU.S. trO5nRutal FrmU.S.

(=)¢e, 	 (1560) "Census (19r0) 


Cterva~teos Statas 	 S.4. 

7.4juceJ Vera Sa..e 


GLS) 

C--ltt-t tver Poru per 3a6 

VOtfa %:i AV 40-44 

a r tory
 

1. Ves'-


e n 56 ) 
;, , /,( .	 ( 4 0 ) 


3. :!e.'s Euceattim 1.6 	 26. 
(.4) 	 (2.6) 

A. men's 	 ."*--
va.: , tilts 


S. *nte:jctIon (10&) .2... 


Co =tto (.0 '(,& 

2
% (. n)c 	 ..0 "76 

(1a) () 


Sen ?oTetht Sar~a 


(973; s2.1 


Israel S..-.

0113/1960 

oC
U rbzan1tltes 


In I.rael (152) 


Ace2 form * S.. 

OLS)Structural
 

C11Wret Ever ?on Sa..e 

4h1 Uomcrk:.tltd 

ACui 40 or Over 


-223 


,( 


. 

-:6.8 . -2. 4
1 t " ( ) 


'
 
(1.28) (1.89),.. 

.(2.73) 

.306 	 .313 


.. 

(8) 


0. Tray 


12;57 


U.S. Census

(ig.O) 


(16) 


RteJ.ced rom
 

C..tWren Ever 2ora 

per ICOD Marted 
V.swn A ed 3- .4 


-.030

..) ( .30i 


(.74) t•cs] 
.0

(1.12) 	E.07]
 

... 


C.073 


.75 


. 

(9)
 

?rIe|qn
 

(93 al 

U.5. Cesus

(1q))
 

County
 

(S":S)
 

Srths per WceoU
 
Aged 15-4
 

7 0) 6
 

(5.5) C...1 

11.7; 7, 3) 



iC 

(10b 

~I 

Do Troy Fric.14n ¢s rdnet carder cefdner Willto 
(t93;S97 (9 ; T!et) (1973, 5106) (!.973;3101) (1573. I (1913; SIM-S:) 

U.S. Census 
(191,0) 

U.S. Cenusl 
(1963) 

Iurj1 North Cestol[
tlt ts. Wh'.ereWifeb 

Itural ., C, 
r ls 

, 4., C. 
.rlii.(gO 

U.S. Census 

3elo,;tedSme t]tor l;l~)('G-gO 

County 
taintn;s (1967-19;0) 

(516) Cou.nty rarmfes F0.0 Iits Fe~tes 1eodtvdusl utbia Vto. 
RtJ-,ccdTom (2.0) (511) (Si1) Once Xatrl4e 'Wmcsa..lvteSt bb () 

( O L S c r e E r S S 
(o: )Srucurl 

O S 
Te,cdrom P.f,,ce4 Tot" 

.Z )U 
Peuced rotm 

Wvri t h 4 s 6and ( 9 1 0M1 
cducd Tort 

per ICOOMarried 
V.;,n A&cd 35-- sirths per ICIO Vo.o, 

Ared IS-45 
C.lldren Ever torn per 
Curently XArrted 
Woven A ed 30-49 

Ch.,Wren Ever Zorn po 
Curfent/ 
Wr-en Aged 30-49 

Chl.'ren Ever ?'terts 
C4Cur,,tiy varrced 
t ozn Aged .10-42 

ChIldrt: tvir 'apet 
Ctirently Marr1,d 
V.cn ALcJ 3S." 

-.03D 70*'~-0o 

,C-21 

(.1) .Co] 
.... OS0 

(.9) 
-.09 
(2.6) [.) 

-.09 
(2.2) r 

-. 
. 3 

4 

..(2.2) ( .35) E.C6 

,065 2 ...16 .26 . 
(2.73) C.07] (3.5) .n22) (3.2) E.232 .21'.6 -

. 11.7. 7. 1}) .23 419 "3,. .047 

p 



TABLE B FOOTNOTES
 

a, b and c
 
See Table A.
 

dTomen's education variable expressed as percentage of females
 

with less than five years of schooling. Variable is thus an.inverse
measure of educational attainment among the lower tail of
 

sign from the other studies that use average or median years of 
schooling. Its sign has been reversed here to facilitate comparisons. 

evariables expressed in logarithms. 

fWife's potential market wage was constructed from 1960 data
 
on the earnings of employed wives adjusted for hours worked per
 
week and weeks worked last year to obtain a full-time yearly
 
earnings potential oi vives cross classified by urban/rural
 
residence, and the education or occupation of the husband (Willis, p. 5k).
 

gThis coefficient Isobtained from a supplemental regression
 
of the occupation/education dummy variable estimates from the 
fertility equation against mean income of husbands in these 24 
cccupation/educaticn categories, which is assumed to be a satis
factory proxy for the husband's permanent income.
 

hMedian value of owner occupied housing which is interpreted
 

as a proxy for the wealth or consumption level of families in the 
county. In Frieden's (6)study, housing value also affects 
(negatively) the proportion m=rried, and therefore its net (reduced 
form) impact on births is about ten percent less than that reported
 
here. 

iThe schooling variable is transformed according to five steps
 

into an approximation of the monthly full-time wage rate for women.
 

JThe women's schooling (wage rate) variable is squared to
 
capture the nonlinearity in the relationship between the woman's 
wage rate and her fertility. The interaction term (variable 5)
 
also approximates this quadratic term since husband and wife 
educational attainment (and wage rates) are highly correlated.
 

kin study lOa the wife's wage isdirectly observed for the
 

sample of North Carolina families where the wife reported some 
labor earnings, whereas in lOc for the entire sample of families
 
the wife's wage is approximated by the county wage rate for off
farm employment to others than the farm head. The county ,rge* 
should be a better approximation for an exogenous measure o the
 
value of time that will not be systematically related to the woman's 
past labor force experience and consequently jointly determined 
with her family planning and fertility.
 




