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Abstract

Fertility Behavior in Developing Economies:
An Investment Approach

By

Dov Chernichovsky

Advisers: Professor Robert J. Willis
Professor Robert Evenson (Reader)
Professor James P. Smith
Professor Finis Welch

In this thesis I develop and test a model on the behavioral
consequences of investment-motivated fertility behavior in developing
economies. These economies are marked by general lack of specialization,
including the lack of organized capital markets (and institutions) which
facilitate low-cost intertemporal transfers of consumption opportunities.

In such an environment, children are assumed to function as a means to
even out the parents' economic opportunities over the latters' life cycle.

Parents, by rearing children, forego current consumption opportunities,
which are transformed into services from children at the time of the parents'’
retirement. Future income from offsprings, which is a function of their
own well being, can be treated as a stochastic variable that depends on an
underlying distribution of each child's survival probability (which can be
generalized to include other relevant parameters).

In the first part of the model, children's mortality rates and
their anticipated relative wages are assumed to be exogenous to the parents.
Under this assumption, parents can determine their future income distribu-

tion by fertility only, ceteris paribus. In the second part, it is assumed



that parents can also affect their future income distribution by invest-
ment in their children's health and education; An expected utility analysis
is applied to determine how much is invested in each “asset".

The theoretical structure produces the following major implications:

A. An increase in parents' income during the childbearing part
of their Tife cycle will increase desired fertility.

B. Decreased child mortality or increased adult wages of children
will increase the expected return to the parents per child. This will
increase (decrease) the number of births if the price elasticity of demand
for future consumption is greater than (less than) one. It is plausible
that continuous decreases in mortality or increases in wages will initially
increase and later decrease fertility.

C. Development of institutions that secure future income will
reduce desired fertility. This effect will be stronger if the institutions
are financed by taxing income during the most productive part of the
parents' life cycle.

D. Increasing real lending rates and reducing borrowing rates
will reduce desired fertility.

E. Investments in children’s health and education are comple-
mentary; investment in health is a means to secure the investment in
education,

The model is tested on survey data of two Indian villages. It is
apparent in both villages that the elderly are supported by their children
and that children contribute to family income at ages as early as 11-15.
The pure income effect on the demand for children and their education is
positive. The demand elasticity for child services as revealed by the

demand for survivors is less than unity.
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I. INTRODUCTION

The concept of fertility as a form of economic behavior is based
on the notion that the parents gain satisfaction from their children.

But the choice for children, vis-a-vis other arguments in the parents'
utility function, is made in an environment of scarce resources. Because
children are a nonmarketable commodity, the parents are the "producers"
of children as well as the "consumers" of their children's services.

This implies that any hypotheses about the parents' fertility behavior
depend on the kind of services children are believed to render and on

the "technology" that the parents employ to raise their children.

Liebenstein pointed out that children render direct consumption
services to their parents in addition to indirect services as factors
of production and insurance for old age.] A1l three sources of
satisfaction, in their broad definitions, are apparent in every society;
but they may differ in their relative importance in each society.
Children are apparently reared and educated to provide the service that
is of particular importance in a given socio-economic environment.

It is realized that the parents' preferences are not necessarily
revealed by number of births or number of surviving children. Biological
and certain behavioral determinants may 1imit the scope of economic
analysis. The outcome of a decision to have a child within a given

period can be judged in probabilistic terms only. On the other hand,

"Harvey Liebenstein, Mmis_jms?.ammnd_ﬁmnmu_ﬁmm:
Studies in Theory of Economic Development (New York: Wiley, 1957).




in an environment with positive contraception costs, some observed
fertility may be undesired and derived from the demand for sex. Never-
theless, these considerations can be built into economic models,
primarily by assuming that the parents respond to prior perceptions
about the uncertainties as well as to actual outcomes.

Becker and Lancaster provided the analytical framework that is
suited to analyzing the demand and supply of nonmarketable commodities.]
Willis utilized this framework to develop a basic model using the
assumption that children yield consumption services to their parents.2
Rosenzweig, along similar analytical lines, regarded children as
substitutes for hired labor.3

The forthcoming model utilizes, in part, the same framework to
investigate and test the behavioral implications of the notion that the
parents' fertility--and investment in children's human-capital--decisions
are motivated by investment, savings, and insurance considerations, when
a capttal market fails to facilitate intertemporal consumption transfers
at relatively low cost. This interpretation of fertility behavior, which

is applicable primarily to developing economies, is controversial on

41Gary S. Becker, "The Theory of Allocation of Time," Economic
Journal 75 (September 1965): 493-517; and Kelvin J. Lancaster, "A New
Approach to Consumer Theory," JPE 74 (April 1966): 132-157.

2Robert J. Willis, "A New Approach to Economic Theory of Fertility
Behavior," JPE 81, Part 2 (March-April 1973): 14-64. See also: Becker,
"An Economic Analysis of Fertility," in Demographic and Economic Change
ip Developed Countries, Universities N.B.E.R. Series No. 11 (Princeton,
N.J.: Princeton University Press, 1960), pp. 209-240.

3Mark R. Rosenzweig, "The Economics of Fertility in the Agri-

cultgral Sector of the U.S.," (Ph.D. dissertation, Columbia University,
1973).



empirical grounds and has received relatively little attention in terms

L However, its validity is supported by household

of systematic analysis.
survey data.

The motivation underlying the demand for children is similar to
the one posited by Neher, who refers to the "pension mot'ive".2 Neher
applied a macro-economic approach to the transfers among three generations
in a household. He did not, however, consider the changes in fertility
behavior that result from changes in the household's socio-economic
environment except for changes that relate to the developm .t of the
capital market under risk-neutral conditions. On this particular issue,

Neher's conclusion is identical to the one produced by this model.

Concerning the supply of children, this discussion attempts to
isolate the price effects on fertility of the extended family--a common
institution for intergenerational support--in a rural and cottage industry
environment. The model falls short of being a "Becker type" in the strict
sense; it does not distinguish between (market) goods and (nonmarket)
commodities except for the commodity children. Becker's distinction
reflects a degree of specialization that seems unsuited to the environ-
ment that this model is presumed to describe--the basically self-
sufficient household. Not drawing the goods-commodity distinction leads
to somewhat different conclusions about the possible income effects on
fertility than the ones that can be obtained by applying the Willis

model.

1Goran Ohlin, "Population Pressure and Alternative Investments,
International Population Conference Proceedings, vol. 3 (London, 1969),
pp. 1703-1738.

2Phi]ip A. Neher, "Peasants, Procreation and Pensions," AER 61
(June 1971): 380-389.



My model of family behavior utilizes a two period "Fisherian"
framework and consists of two parts. The first is a basic model where
services from children are treated as a deterministic variable. Its
behavioral implications are derived by the method of comparative statics.
The second is an extension of the basic model to include the implications
of uncertainty--services from children being a stochastic variable--and
investment in children's human capital. It utilizes an expected utility
analysis. Some aspects and conclusions of the discussion can be general-
ized because any services from children, vis-a-vis the decision to have
children, are in a temporal context.

The empirical discussion is based on household survey data from
two Indian villages. The regression results support some basic hypotheses,
which are derived from the model, and provide empirical determination for
others.

The basic approach, even if micro-economic in scope, has important
implications within the context of growth theory. It implies that two
basic variables, population and savings, are substitutes under certain
capital market conditions. Hence, high rates of population growth are
consistent with low levels of financial savings--on the macro level--

because the family views children as a means of savings.



II. THE CAPITAL MARKET FAILURE

. . The average Hindu wants sons, an
understandable attitude in a countny where
there is neither social security nor old
age pensions, sickness benefits nor un-
employment insurance forlan overwhelming
majority of population.

While the quotation refers to India, its general implication is
clear. Caldwell reported from Ghana how different communities value the

2 While 33 percent of the respondents- in the

services children provide.
least developed region justified many children because of children's
productive capacity, only 4 percent viewed this as a sufficient reason

in the most developed region. Overall, 5 percent indicated that children
are a form of insurance and security. Heisel, in a report from Kenya,

found that 7 percent of the respondents justified children as a means for
old age securit_y.3

The problem of securing a flow of income over one's life cycle,
which is only in part productive, is universal. It is solved in devel-
oped economies through various forms of voluntary and involuntary savings

for retirement. The financial market provides marketable assets that are

1S Chandrasekhar, India's Population; Facts, Problems and Policy
(India: Meenakshi Prakashan, Meerut, 1967), pp. 55-5 56.

2John C. Caldwell, "Fertility Attitudes in Three Economically
Contrasting Rural Regions in Ghana," Economic Development and Cultural
Change 15 ?January 1967): 217-238.

3Don F. Heisel, "Fertility Limitation Among Men in Rural Kenya,"
Studies in Family Plann1gg_4 (December 1973): 351-355,




claims for future consumption, and tax-financed welfare institutions
provide a similar function. In developing economies, the market
apparently fails to provide either the financial means or the welfare
institutions for intertemporal transfers of consumption.

The capital market in developing economies reflects the lack of
specialization that characterizes these economies. Savers, financial
intermediaries, and investors do not exist as specialized sectors.]
Hence, investment tends to be self-financed--just one dimension of the
prevailing economic self-sufficiency.2 W.A. Lewis argues that: "The
chief institutional requirements of an easy flow of savings from lenders
to borrowers are limited liability and easy marketability of assets."3
The two requirements are apparently missing in developing economies.

The imperfect capital market implies, in general, risk-averse
behavior.4 Lending in this market is on a personal basis and repayment
takes various forms, including commitments of labor services that have
a low degree of marketability. As a result, the fear of bankruptcy
eliminates the small lender, especially for long term lending. Hence,

lending cannot be considered a general, viable source for future

consumption.

1John G. Gurley and Edward S. Shaw, "Financial Development and
Economic Development," Economic Development and Cultural Change 15
(April 1967): 257-265.

chKinnon labels this condition "The Fragmented Economy" in this
particular context. Ronald I. McKinnon, Money and Capital in Economic
Development (Washington, D.C.: The Brookings Institution, 1973), pp. b5-

3N.A. Lewis, Theory of Economic Growth (New York: Harper & Row,
1970), pp. 264-266.

4Robert T. Masson, "The Creation of Risk Aversion by Imperfect
Capital Markets," AER 62 (March 1972): 77-86. A more detailed discussion
on the effects of risk is forthcoming.




Investment offers another mechanism for reallocating consumption
over the life cycle. T.W. Schultz argues that the demand for investment
in the "traditional agricultural economy" is limited because “traditional
sources of income" yield very low rates of return.! Rates of return are
higher on "modern factors" of production. These factors, however, re-
quire complementary investment in human capital and may require large
Tump sums because of indivisibilities. Lump-sum investments are assumed
to be out of the reach of the average farmer because he is a poor
collateral.? Thus, while the demand for funds to finance consumption
may be relatively high, the demand for investment is limited and cannot
be matched by the available supply of funds.

A household can save-invest in this environment by abstaining

from current consumption in the following ways:

1. Investing in "traditional" factors of
production, primarily land,

2. Accumulating consumer goods for the
short run and precious metals for the
long run, and

3. Various forms of self investment.3

]Theodore W. Schultz, Transforming Traditional Agriculture
(New Haven, Connecticut: Yale University Press, 1964).

dewis, Economic Growth, p?. 264-266. Financing investments in
human capital is subject to capital market imperfections in developed
economies as well, especially for lower income groups.

3It may take the form of abstaining from current production when
land is left fallow in one period to increase its productivity in the
following one. This was a common practice in the old world (see Levitcus
25:1-7) and is still used in underdeveloped areas as a substitute for
fertilizing. The rate of return to this practice is not clear. McKinnon
Money and Capital, p. 13, argues it is very low but the rate of return
clearly depends on the relative costs.




The first alternative has low rates of return, inherent in the nature
of this economy, and may require lump-sums that the financial market
does not provide. The second opportunity may be a form of turnover
capital in the short run. The long run accumulations may yield capital
gains or losses if the goods can be traded in the market. Gold and
jewelry have been common forms of holdings, apparently as a meams to
maintain a high degree of liquidity for security purposes. Investment
in children for future income is one special form of self investment,
the third alternative, that can be financed by small payments over time.
It also requires a complementary investment in human capital. This,
however, can be accomplished primarily through learning by doing--in a

farm environment--at rather low relative costs.

Children as Means for Savings-Investment

My model is based on a fundamental assumption that the parents
assume an expected level of support from any child born. Two basic
issues emerge from this assumption. The first concerns the quid pro
quo that makes children support their parents. The second concerns the
relative rate of return on children versus other investments.

The model does not consider explicitly the children's economic
motives to support their parents. Such motives may be related to the
investment in children's human capital and the parents' property rights.
The human capital component can take the form of a set of moral
obligations instilled in children through education. These may be
enforced by some form of social punishment mechanism--a mechanism that is
derived from a common social consensus about the economic hazards for

the aged when children do not support them, and the subsequent social



costs.] The parents' holdings of property rights for nonhuman wealth

may be an additional inducement to children to support their parents.

The relative rate of return on children, or the degree to which
parents can "exploit" their children, is controversial on empirical
grounds, and is discussed explicitly in another section. It is important,

however, to note the realization of the following:

1. Children also provide psychic consumption
services.

2. Children may contribute to the parents'
income before providing old age support.

3. A particular household may have, literally,
no other transformation onortunities into
the period of retirement.¢ It was previously
noted that intertemporal long term transfers

are at relatively high prices; children may
be the lower cost means of transfer.

Any of these arguments can be consistent with an ex-ante negative rate
of return to children as an investment. Although this model is primarily
concerned with the last argument which relates to the capital market
failure notion, it does not necessarily imply a negative rate of return

on children.

ATS.N.S. Cheung, "The Enforcement of Property Rights in Children,

and the Marriage Contract," Economic Journal 82 (June 1972): 641-657.
Some legal systems in the developed economies make the children's
obligation mandatory under certain conditions. The Israeli law, which
usually follows the spirit of the British one, states: ". . .A person is
liable for the maintenance of other members of his family. . .his parents
and the parents of his spouse; . . ." Family Law, Amendment (Maintenance)
Law 571?-1959, Laws of the State of Israel, vol. 13 (Israel: Government
Printer).

2In a sense this can be equivalent to the price of liquidity in
the monetary context, where one of the motives is security.
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When other investment opportunities exist, the aged should
seemingly be indifferent to the following alternatives: selling or
renting their property, having hired labor work their land, or having
their children cultivate it.] This reasoning follows from the assumption
.of a competitive market where each factor receives the discounted value
of its marginal product. This assumption, however, may be unrealistic.
Children may willingly accept less than their marginal product, at a
certain point of time, knowing that the parents have property rights on
some non-human wealth, which can be handed down to children. Even when
the children receive the value of their marginal product, they may
provide a “"rent" to their parents because they are more easily monitored
than hired labor.2 Furthermore, the transaction costs associated with
capital transfers to children may be considerably lower than otherwise
in this particular environment. In traditional economies, where land
is the major asset, one should add the apparent high psychic costs of

land transfers among families.

1
It is implicitly assumed that any other assets can be converted
into land, which is a major asset in developing areas.

2
Armen A. Alchian and Harold Demsetz, "Production, Information
Costs, and Economic Organization,” AER 62 (December 1972): 777-795.
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ITI. THE BASIC MODEL

The utility function is assumed to combine the preferences of
both the husband and his wife into a single "well-behaved" set. The
parents maximize this function by a consumption flow over a two-period
life cycle. The first period (T;) is a productive one; the parents
produce income and children (N), for whom the parents forego part of
their own potential T] consumption opportunities (C]). The parents
are assumed to make adjustments for child mortality during this period
to the extent it is biologically feasible.!

The second period (Tz) is assumed to be an unproductive retire-
ment period. Consumption (Cz) in it is assumed to be provided primarily
by the children, who are the agents for intertemporal transfers of
consumption because of the absence of an appropriate capital market. 2

Formally, the model is based on three relationships that are
outlined at this point by three implicit functions. The first is the

utility function that contains the two consumption flows:

]Deviations of the actual number of children from the desired
number, because of relatively high contraception costs are not considered
in the model. Costly birth control methods are apparently not the basic
cause of high fertility rates in developing areas. People in these
countries wish to have more children than in developed economies (see:
Heisel, "Fertility Limitation"). Even when birth control devices are
offered free or at negative costs, there is apparently no dramatic
change in fertility rates, unless such a program is accompanied by other
socio-economic changes (see: Chandrasekhar, India's Population).

2The scope of the model can be broadened by defining Cy to be
any services obtained from children. These services, by definition,
lag fertility decisions.
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U= U(C], C2) (1)

where C] and C2 are normal goods. The second is the transformation

relationship between children and consumption in TZ:
7(C,, N) = 0. (2)

The third is the production possibility relationship between consumption

and the production of children in T]:
H(C], N) = 0. (3)

The implications of the model depend on the explicit behavioral and

production relationships that are represented in (1) - (3).

The Temporal Transformation Opportunities

Relationship (2) is the one most crucial to this model. It
indicates the relation between the number of children born and the
services they yield to their parents. As such, it embodies the nature
of the "social contract" between the parents and their children and is
determined by natural as well as behavioral factors.

Any stock of N children produced in T] generates a distribution
of possible surviving stocks in T2. The density function associated
with this distribution is assumed to be determined by the binomial

parameter P.] This parameter depends basically on child mortality

1This assumption is made because of its simplifying mathematical
properties, at the expense of some generality.
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rates, but it can be generalized to include any other random factors
that may affect children's probability of supporting their parents, such
as migration and sex distribution of surviving children.

The level of each surviving child's support to his parents (W)
can be determined by a variety of factors. The major ones are: the
number of surviving children (PN), the level of each surviving child's
income (A) and the parents' ability to "exploit" the child, and the
sources of future income (Y2) that are independent of the parent's
savings-fertility behavior.

The general relationship between fertility and consumption in C2

can be formalized by

=T [N, P, W (A, PN, vz)]. (4)
The relationship

W=W (A PN, Y,) (5)

represents the nature of each surviving child's obligation to his
parents. W is realistically assumed to be (a) inversely related to

the number of surviving children %%FN) < 0 and (b) other sources of
income §$- < 0, and (c) positively related to the level of the child's
own income %%-> 0. (a) and (b) indicate the elements of insurance
provided by children. Each child's level of support is inversely related
to other available sources of support to the parents. More siblings can
share in supporting their parents because the level of total support
apparently does not increase proportionately with the number of children.

When the parents are supported by social security and pension schemes, it
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is realistic to assume that the level of children's support is inversely
related to the level of the support that is external to the family. In
such a case, children may act as a buffer guaranteeing the parents a
certain standard of living. (c) can be interpreted as follows: Parents
who hand over to their children more human and non-human capital can
"exploit" them better; but then, each child has more income to support
his aged parents.‘

The first part of this model utilizes a less generalized
formulation than relationship (4) and a set of restricting assumptions,
which simplify the analysis at the expense of some generality. The
functional relationship (4) is re-written as

C, = T(N, P, W) +Y Y

2 2 2 0 (6)

2’

where P, W, and Y_ are exogenous and known to the parents, who are

2
assumed to be risk neutral.?

W is assumed to be falling as N increases, ceteris paribus,
because of any of the above arguments; but T is positive and monotonic

with respect to N.3 The implicit relationship T can be assumed to embody

1The parents' ability to affect W and P is considered explicitly
in a forthcoming chapter that discusses investment in children's human
capital. On the allocation of intergenerational transfers between
children's human and non-human capital, see Winston C. Bush, "A Model of
Family Size and Intergenerational Transfers and Its Implications for
Economic Growth," (Ph.D. dissertation, Washington University, 1971).

2_ . . T
This permits us to ignore the distribution effect of P until
a later discussion.

3
% >0, GZT <0
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the parent's optimal solution to their investment in children, child
survival rates, and each child's education. Children are assumed to

be homogenous, and their age and sex distributions are ignored.]

The Production-Consumption Opportunities during Ty

The household is assumed té be endowed with two vectors of
productive resources that can be employed in production during Ty. These
resources are defined to comply with the reality of a household-farm
production unit and the concept of the extended family. The nuclear unit--
the husband, wife, and children--may reside with other relatives who do
not bear children, but participate in the household's production and
consumption activities.2 The first vector (L) combines all females'
labor endowments. Other females' 1abor is assumed to be a good substitute
for the mother's labor. This type of input can be used in either the
production of children or in the production of an all-purpose heterogeneous
and intermediate commodity X. The other vector (K) combines all the other
inputs that can be used in the production of X only, such as males' labor
endowments and land, in the context of developing rural communities. The
allocation of the labor endowments, contained in the two vectors, to

productive activities is regarded as the reduced form solution of the

1In many traditional societies, particularly in the Middle and
Far East, parents who marry off their daughters are entitled to a "Bride's
Gift." This can be regarded as a capitalization by the parents for
"giving up" daughters, while the sons assume the responsibility to support
their parents as long as the latter Tlive.

2The concept of the extended family should not be confused with
the concept of the extended household. The household may have more than
one family in reproductive ages. The model can be applied to the ex-
tended household if fertility decisions are made mutually among families,
which is plausible. See: Edwin D. Driver, Differential Fertility Rates
in IngiaséPrinceton, N.J.: Princeton University Press, 1963),
PP. =90,
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household's pooled labor supply during T]. Formally, the household's

factors constraints are

L= 15 o0 1) (7)
and

K= (k], k .k (8)

gr oo k)

The other constraints relate to two production technologies
employed by the household. These concern the production of consumption
opportunities in T] and the technology of rearing children. The commodity
X, whose price is a numeraire, is produced by a linear homogeneous farm-

household production function:
X =X (L-2, K), (9)

where (L - &) is the part of females' time that is not employed in the
production of children and X is regarded as gross income from the nuclear

1 Some of this gross income may be foregone to support

unit's viewpoint.
relatives who may reside in the household and whose potentially productive
labor endowments are listed in L and K. The real expenditures that relate

to these potential factors, relatives, are summarized by

R=R(L, K); (10)

1In the special case that productive household members are subject
to market money wages, according to Euler's Theorem, X becomes
*

*
X = N1 (L-2)+ Nk K,

where H; (q = 1, k) stands for the corresponding factor's market rental
rate --Yvalue of marginal product.
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and consequently, the nuclear unit's income--net of supporting relatives--

is
F=X(L-2, k) - R (L, K). (1)

Relatives in the household are assumed an exogenous factor to the parents'
decision making. Supporting the relatives (%5 <0, JeK, L) is regarded as
a fixed cost factor; the nuclear unit does not optimize with regard to
them, since relatives are not hired in the same sense that domestic
workers or lodgers are.]

The production function of children is given by
N=2a6(2,S). (12)

It employs as factors, fhe-part of females' time (%) that is not utilized
in producing X and part of the parents' current consumption opportunities
(S).2 The function G is assumed to be linear and homogeneous. This may
be a strong assumption in the context of rearing children, but is kept

because of its mathematical properties. It is quite plausible that

mThe relationship between supporting relatives and income may be

the reverse; income may be the determinant of whether to support them.

The incentives to support relatives are not considered in this discussion.
It is not easy to identify those who actually make the decisions in an
extended household. There seems to be a kind of mutual relationship. It
is often the elderly who "retain" the younger married couples and may even
be involved in fertility decisions. See: Driver, Differential Fertility
Rates.

2Nhen children are considered factors of production, i.e., children
make a net contribution of income in T,, then S<0. This case is not
considered explicitly in the discussio*.
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the production of children is subject to economies to scale, within a
certain range. The implications of this possibility are outlined at a
later stage of the discussion.

From the above specification follows:
F=C +S. (13)

Hence, C. is completely "goods-intensive", in the space of N and C],

1
because C] and S, which is an input in G, are identical. This implies

that children are of necessity "time-intensive" relative to parents'

consumption.

Optimal Fertility and Lifetime Consumption

The parents' optimal allocation of resources is determined by
the preceding functional relationships that provide the basic structure
of the model. The model and its optimal solution are illustrated in
figure 1. The opportunities set of T] is bound by the production-
consumption possibility curve AB, in the first quadrant. This set is
determined by the factor endowments (7) and (8), and the production

relationships (11) and (12), and can be expressed by the single constraint
I] = C] + HNN, (14)

which represents the parents' "full income" in period T].

My v (15)
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is the average unit cost of producing a child at the minimum cost point
and can be treated as a parameter indicating the shadow price of broducing
children.]
The intertemporal transformation relationship, (6), is illustrated
in the second quadrant of the figure. The curve T "transforms" any number
of children (N) into a consumption flow for retirement (Cz), in addition
to Y2 whenever Y2>0.
The opportunities set of period T2 is illustrated by the consumption
possibility curve DEF in the third quadrant, which is also the utility

space. This set is determined by relationships (6) and (14), and it can

be expressed by the single constraint
I, = Cy + 1, Cy (16)

which represents the parents' "full wealth" over their life cycle. 1P
is the shadow price of producing future income and is defined in a
manner similar to Ty

Relationships (1), (11), (12), and (16) or (14) constitute the
basic structure of the model. The parents are assumed to maximize the
utility function, (1), subject to the productive endowments available to
them in T], (7) and (8), and the production and intertemporal transformation
opportunities, (11), (12), and (6). The optimal number of children (No)

is derived from the optimal allocation of consumption between the two

1Note that the price of C, (n,) is the numeraire in this system.
Thus, I,=1. X, is the marginal plodu tivity of females' time in X and is
equal td the m&rginal contribution to net income (F,). The parents' out-
lays to support relatives (R) are not affected by the internal allocation
of resources--the optimal solution.
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periods--C? and Cg-- as shown in the figure. 1, and I, are given by
the slopes at the points 0N and 0C respectively.

The properties of this solution are essential to derive the
behavioral implications of the model. The constraints on the parents'
lifetime production-consumption opportunities can be expressed by the

implicit form
V(C], C2, W, P, L, K) = 0. (17)

This constraint implies that the parents must optimize their allocation
of resources in T] to select the optimal 2 and S, the resources devoted
to child production, that maximize the number of offspring--future
consumption (CZ)--for any given level of current consumption (C?). The
optimal allocation of resources in production and consumption sets, as
the dual solution, the shadow prices Ty and I,.

A two stage maximization procedure establishes mathematically
the optimum condition for this system. It has the advantage of facilitating
separate demand and supply analyses of the simultaneous solution and

involves:

(A) maximizing utility, (1), subject to the
parents' lifetime wealth constraint, (16),
using the shadow price of future consumption
(“2) as a given parameter,

(B) minimizing the parents' lifetime expenditure
on consumption, (16), subject to the production-
transformation opportunities constraint, (17).

The utility analysis (A) yields the demand conditions for C2 at the

optimum point. The demand for children is derived from the demand for
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future consumption. The cost analysis (B) produces the supply conditions
for future consumption and for children at the optimum point, the I, that

minimizes (16) or the n, that minimizes (14).

N
The first stage yields the following optimum condition:

dc]
- = I, . 18
dc, Uc, 2 (18)

Hence, the subjective rate of substitution between the consumption flows
of both periods must equal the shadow price in production. In the second

stage the following optimum condition is established:

i dc, i Ve, 2

i, ~ W T Tz (19)

Thus, I, measures the opportunity costs of one unit of future consumption
in terms of current consumption. This is the marginal rate of objective
transformation between the types of consumption. The marginal rate of

return (r) to savings via children is implied by

Ty -1
I, TE = (1+r) , (20)

since TN is the marginal benefit from children and HN their shadow price.

The shadow price of children follows by definition from (14),

1See appendix A.

2See appendix B,
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dc]
HN=-W’ (2])

and can be established by minimizing (14) subject to period T, production
opportunities, (11) and (12). It states the amount of current consumption
the parents forego to produce a child. The optimal allocation of resources

associated with s as the dual solution, is given by

(22)

where GS and G2 are the corresponding marginal productivities of the
factors 2 and S inG.
This condition implies that at the optimum point, the value of
the marginal product of each factor, in each activity, equals this factor's
price, which is measured in constant current consumption-equivalent units.
The Pareto optimum for the system implies an equalization of the

objective and subjective rates of substitution:

k, _ Y, _ _ -1
2 = *2 = nm, = mT . (23)

Two additional optimum conditions can be incorporated in the model.
When females are employed outside the household-farm unit for a real wage

*
(Nz)’ then:

= 1. (24)

The second market opportunity, which can prevail, is an objective rate of



24
transformation between current and future consumption.
m, = (1+r9)7, (25)

where r* > 0 is a market rate of return. This opportunity is discussed
in a succeeding chapter.

An internal solution, which satisfies the optimum conditions, is
guaranteed by a set of previously stated assumptions that imply a down-
ward sloping demand curve and an upward sloping supply curve for children.
Some of these assumptions, however, are not necessary for a stable internal
solution of the kind illustrated in figure 1 and can be replaced, provided
that others are maintained.

A downward sloping demand curve,

dN (26)

_-*<0,

dny

follows from assuming that the lifetime consumption flows, C] and C2, are
normal goods, and that the subjective elasticity of substitution between
the two is sufficiently Tow for any given temporal consumption possibility
curve DEF (figure 1).1

An upward sloping supply curve,

any o, (27)
dN

or alternatively, a concave to the origin production-consumption possibility

1
See appendix A.
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curve AB, results from postulating (a) that at least the children-
production function is linear and homogeneous and (b) that the mother's
time is involved in child rearing (2>0).] The first assumption rules

out economies to scale in child production; but that is not a necessary
condition for a stable internal solution. It is a sufficient condition
as long as the intertemporal transformation function is linear or concave
to the origin (Tyy=<0). On the other hand, even if a downward sloping
supply curve for children (;;ﬂ <0) is implied because of the realistic
assertion of economies to scale in child production, diminishing returns
from children--the concavity of T--can still assure a stable internal
solution by transforming a convex production possibility curve (AB in
figure 1) into a concave consumption possibility relationship (ED). Even
if the consumption possibility curve is convex to the origin, an internal
solution will exist if the subjective rate of substitution between C; and
C, is sufficiently small.

The second assumption, with the first, implies that the marginal
productivities of both factors are positive but diminishing, and that
these productivities depend on the factor ratio (Q=%). The marginal
productivity of S falls (GSS< 0) as the ratio g increases, increasing
the shadow price of children and vice versa. If children are produced
by S only, the production possibility curve (AB) between C1 and N is
linear; i.e., the supply curve for children will have an infinite

elasticity and still can provide an internal solution.

1See appendix B.
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IV. THE DETERMINANTS OF VARIATIONS IN
THE DEMAND FOR CHILDREN

Variations in the demand for children result from price and income
effects that are caused by changes in the exogenous variables. These
variables are grouped into two categories for analytical purposes. The
first contains the endowments L and K, and their potential corresponding
wages NI and w;. Changes in these occur during T], altering the parents'
income (I]) as well as the shadow price of children. The second category
contains P, W, and Y2. Changes in these alter the parents' wealth (12);

P and W also alter the shadow price of C2--for any given C]. The changes
caused by the variables in the second category change the opportunities
during T2 without affecting those of T].]

The following discussion summarizes and illustrates the variations

in the demand for children because of changes in these exogenous variables

by the method of comparative statistics.

Variations in Income: Period T,

An increase in the parents' income during T] (11) brought about by
*
changes in L, K, NL. or H: increases the parents' wealth (12). The pure

income effect on the demand for children, in this case, is positive:

@# >0l (28)

The relationship between income (I,) and wealth (I,), which are
defined in (14) and (16) respectively, is fandamental to thé structure of
the model. While a change in I, also alters 12. the reverse does not hold
because of the absence of a cap]tal market.

25ee appendix A, relationship (19).
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A change in income during T] implies a homothetic shift of the implicit
function H(C],N). It is illustrated in figure 2 by a homothetic shift

of the period T_ production-consumption opportunities curve AB to A'B'.

This shift 1is tlansformed into a corresponding change in the lifetime
consumption opportunities curve, which is illustrated by the curve D'E'F'.]

The effect on the demand for children is derived from the positive
income effect on consumption for retirement (CZ)' The parents can transfer
part of their gain in income during T] into more consumption of C2, which
is a normal good, by means of more fertility.

The relative change in the demand for children is given by

E 2

N “2'a dJ T

N = P n1.J =g (J=K’ L, W, wL) (29)
C2N 2

It is a positive function of the income elasticity of C2 (ECZIZ) and the
share of the factor J in wealth (nIZJ). It is a negative function of the
elasticity of C2 with respect to children (ECZN)° The latter indicates
that the more efficient children are in providing future income, the lower
is the number required to satisfy a given increment in the demand for Cz.
The positive pure income effect in my model is not related to the
direct utility from children, which is the basis of the income effect in
other models.3 Instead, it is derived from the demand for consumption in

T2. As we shall see, the income effect may differ from the above, as

1
Note that the change in DEF is not homothetic unless %% = 1.

2
See appendix C, section II.

3
Becker, "An Economic Analysis of Fertility," and Willis, "A New
Approach to the Economic Theory of Fertility Behavior."

’
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outlined in a later section dealing with variation in income (wealth)

during TZ‘

The Opportunity Costs of Children: Period T]

Changes in the endowments L, K and their potential corresponding
wages N:, w; are also likely to change the shadow price of children (HN)]
This implies a price effect, in addition to the income effect, on the
demand for children. Since the two effects do not always operate in the
same direction, some empirical considerations are given as to the possible
combined effect.

An exogenous change that carries a price effect implies a non-
homothetic shift of the function H(C],N), i.e., a non-homothetic shift
of the consumption-production possibility curve AB to A'B' (figure 2).

The relevant Ty on the new curve is given by the slope at the point 0N

where ¢ = C°] is a fixed parameter.2
The effect on HN of an increase in any factor of the vectors L or

K depends on how this factor affects the marginal productivity of the

mother's time in producing income (XLJ’ Je K, L), and on how this factor

affects the parents' net income (FJ). The change in Ty is inferred from

a change in the ratio %-(=n), since TN is inversely related to the marginal

productivity of S in 6.3

A change--an increase or decrease--in J that increases the mother's

1
equivalent

2This is an application of the Rybczynski Theorem. T.N. Rybczynski,
"Factor Endowments and Relative Commodity Prices," Economica 22 (November
1955): 336-341.

3

is measured in real terms of constant current consumption-

n
Num‘ts as outlined before.

See relationship (22).
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marginal productivity in X (XLJ>0) increases the shadow price of her time in
child care. This induces her to reallocate time from child care to production
of income, thereby increasing the relative intensity of S in child production
(da>0) and consequently increasing My This effect is magnified when the
parents' net income increases (FJ>0), which may further increase Q. The
increase in TN holds even when females are engaged only in child care
(L-g = 0) if FJ>O. However, a drop in the parents' net income (FJ<0) may
offset and invert the positive effect on Ty of the increase in XL’

Hence, the price effects are undetermined, but depend on a few
parameters about which empirical conjectures can be made. The relative
change in the demand for children, because of the price and income effects

brought about by changes in K, L, WE, and NE, is summarized by

dN _ [ sS 1 ded
=By nyp 4= [Eg | ( nF+——)] . (30)
W NI, "o~ Pam 60 TR o, 4]y

The expression ENI "3 relates -to relationship (29), and stands for the
2

determinants of thg pure income effect of changes during T].

The price effect depends on the given demand elasticity for children
(ENHN) and on the factors that determine the relative change in HN as the
endowments change. The rate of change in Iy is positively related to:
the level of net income (F), the share of J in F ("FJ)’ and the relative
change of the marginal productivity of S (-%f) in production of children.
The increase in the price will be intensified (offset) if L and J are gross

complements (gross substitutes) in X, %§<0 (>0), indicating a decrease

1See appendix D, section III.
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1 The size of this

(increase) in the mother's time devoted to child care.
particular effect is positively related to the rate of decrease (increase)
in female time devoted to child rearing ( Q% ) and the share of female

time in child production ("Gz)' It is inversely related to the elasticity
of substitution between S and in G(ogz)and the relative change in J (g%).

The possible effects of variations in endowments that relate to
agricultural and extended household settings on the demand for children can
be considered empirically. Land and livestock holdings contribute to the
household's income and are assumed to be complements of females' labor.

The comptementarity and the pbsitive effect on income mean a higher shadow
price for children in households with more holdings; but, the implied
negative price effect on fertility is coupled with a positive income effect.
According to relationship (30), the size of the price effect is relatively
large since the relative change in price is a positive function of the

level of income, and the share of these particular endowments in income.
Hence, households with more holdings that have higher incomes and higher
shares of these holdings in income face a higher ys ceter%s paribus.

On the other hand, the income effect may be small. According to
relationship (29), households with more holdings may have a lower income
elasticity for children, ceteris paribus. Parents with assets may have
higher returns from their children, because the latter will eventually
have higher incomes, and because the parents have rights on more property
which enables them to better "exploit" their children. This income effect,

however, is not definitely lower since the lower income elasticity is

ATNote that d(L-2) = -d2 which stands for more time in activities
other than producing children.
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weighted by the relative share of these particular endowments in income.
According to this conjecture, holders of non-human wealth have higher
shadow prices for children, and possibly lower income elasticities.

Relatives in the households may or may not contribute to income,
but depending on their ages and sex, may substitute the mother to various
degrees in various activities. As such, they affect the demand for children,
Young males are likely to contribute to the parents' net income, and
substitute the mother in income producing activities. This implies a
positive pure income effect on the demand for children but an ambiguous
price effect. The higher income increases HN' but this may be offset by
the reduction of the marginal productivity of females in producing income.
Older male relatives, who reduce the parents' net income but substitute
the mother in some income producing activities, produce a negative income
effect but positive price effect on the demand for children.

Female relatives in the household are assumed to be good
substitutes for the mother in production of children as well as of income,
although the degree of substitution in the two activities may not be the
same. 01d female relatives as well as daughters tend to care for children
when the mother is engaged in other activities.] This implies that the
two: the time the mother devotes to producing income (labor force) activities
(L-2) and the time she devotes to child care (&), may increase at the
same time. If additional females cause a reduction in the parents' net

income (FL<0) in addition to substituting the mother, the shadow price

It may be a major duty of girls to care for their younger siblings.
Lack of compulsory schooling may encourage this behavior. However, the
cause and effect are not obvious. This particular duty of girls, which is
home oriented training, may involve higher costs of sending girls than
boys to a formal school.
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of children definitely falls.1 But the implied positive price effect on
fertility may be offset by the negative income effect. When the mother
gains from higher participation in productive activities, and this gain
outweighs the support to the female relatives (i.e., F£>0)’ the price of
children is 1ikely to increase only if income producing activities have a
larger share of female time than child production, ceteris paribus. This
particular discussion suggests a possible positive correlation between
mothers' labor force participation and fertility in regions where daughters
do not attend schools and older relatives--in particular females--reside

in the household.

The relative effect of an increase in the real wage of any of the
factors depends on the parameters outlined in expression (30), one of which
is the mother's (females') labor supply elasticity (lEml).2 An increase
in N: is an increase in the females' marginal productivity in income
producing activities, and has the same positive effect on My as when

X g>0 and F;>0. The increment in my is positively related to |Eaw|; the

LJ J
larger the latter, the more of females' time is reallocated from child

care to labor force participation.3 An increase in productivity (wages)

1This implies that girls born first induce a lower price for an
additional child. This can be an incentive to parents who have first
daughters to have more children, in addition (or as an alternative) to
the incentive to have sons.

2 * . .
When J = W , then in expression (36)

de d . o
ar - g’&*z = Eow

T?e e;asticity of labor supply is the absolute value of this term since
d(L-2) = - ds.

3It is assumed that child care is a non-leisure activity. Yet,
the trade that is implied by the females' labor supply elasticity is
between children and "other activities", which can include leisure. A
backward bending supply curve in this context may reverse the above
conclusions.
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of other factors implies an increase in household income, which has the
above mentioned implications of an increase in N and income on the demand
for children.

The specifications of the model rule out a fall in the shadow
price of children because of an increase in the household's income, since
the model does not distinguish between the mother's (females') household
activities other than rearing children and income producing activities.
This loss of generality can be qualified by adapting to this discussion
the Willis model that makes this distinction. According to Willis, mother's
(females') time can be allocated to: child rearing, other household activities,
and income producing activities (labor force participation.)] This kind of
specialization in activities may mark a different stage of economic develop-
ment, and provides for the possibility of a fall in Ty because of an increase
in income when the production of children is relatively "goods intensive."
This issue, however, remains to be resolved empirically.

The more general issue is to consider a priori which of the two,
the price effect or the income effect, is likely to dominate in this
particular setting. It seems plausible to assume that the elasticity of
substitution between C] and C2 is relatively small. If this is the case,
it is probable that the income effect will dominate. Hence, an increase
in income during T) is likely to induce more consumption of C2, i.e. more

fertility.

1Ni]]is, "A New Approach to the Economic Theory of Fertility
Behavior."
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Variations in Income (Wealth): Period T2

The income effect on fertility of a change in opportunities during
Tz--that do not relate to a change in opportunities during T]--can be
illustrated by a change in Y2. A change in future income, which does-not
relate to savings--fertility--behavior (Yz). does not change the shadow

prices in the system, and has a negative effect on fertility,

A (31)

This change is illustrated in figure 3 by the parallel shift to
the left of the T curve by A Y2 and the shift in the lifetime consumption
opportunities frontier to DE'F'.2 The parents reduce the demand for
children from No to N] by increasing their lifetime consumption as
indicated by OC' in the figure. This effect is clear intuitively. The
parents transfer part of their increase in wealth into T] by increasing
the demand for the nermal good C]. They can do so only by lowering the
demand for children because consumption during T, (C]) and children (N)
are substitutes, and in the absence of a capital market they cannot
capitalize the gain that occurs in T2'

The relative change in the demand for children because of a

ISee appendix A, relationship 20.

2This is a non-homothetic shift in the lifetime opportunity curve
because of the non-linearity of this curve. Hence, it does not represent
a "pure" income effect as defined for shifting period T, opportunities.
However, the linearity can be assumed for an infinitesimal change.
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relative change in Y2 is

I oY, dY
% - g, 0 B2 2 2

It is a positive function of the wealth elasticity of C (EC I ) and the
nY
22 » and a negative function of the share
I,N
of children in the first period s full income (-#—) The latter two

share of Y, in full wealth (

actually indicate weighted values of children in the provision of future
income. The higher the first and the lower the second, the stronger is
the negative effect on the demand for them because of an increase in Y2'
Clearly, the demand for children ceases to be a‘function of the demand
for future consumption after a certain ?2, assuming a homogeneous utility
function.

The conclusions of this section and the one dealing with the pure
income effect in T] point to the particular way income affects fertility
in this model. Income has opposing effects on fertility depending on its
timing without assuming that either of the commodities, C] or CZ’ is

inferior.

The Returns from Children: Survival Rates (P),
and the Returns from a surviving Child (W)

The parameters P and W determine the parents' returns in T2 from
children born in T]. An increase in either of the two, ceteris paribus,

increases the marginal benefits from children (TN). and has an ambiguous

1See appendix C, section IV,

2The range of the 1nve se of children's share in full 1ncome, I],
is by definition 1 s [I 1 (TN o, Thus, 0 2 [1-I,(mN)""] > -=.

The two limits indicate co“ner solutions of which the plauSible one is when
C] and C2 are positive, i.e., point E in figure 3.
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effect on fertility:

0, (J =W, P).1 (33)

ANV

dN
a7

A change in P or W is illustrated in figure 4 by the rotation to
the left of the curve T from T to T', and the corresponding rotation of the
1ifetime consumption opportunities frontier from DEF to DEF', which combines
the wealth and price effects. The price effect is illustrated by the
differences between the slopes at the points 0c and Oc".

The critical parameter that determines the direction of the change
in the demand for children is the demand elasticity of future consumption
(Ecznz). which can be treated in a special case as the demand elasticity
for survivors.

The increase in the marginal beneftis TN from children reduces
the shadow price of future consumption (II2 = :%) since the price of
children (nN) remains unaffected. This implies an increase in the parent's
wealth in addition to the change in the relative prices of the two
consumption streams, C] and C2. The substitution and wealth effects have
conflicting effects on the demand for consumption (c]) in T], i.e., on the
demand for children. The wealth effect induces more consumption in both
periods since C] and C2 are normal goods. The substitutioneffect, however,
induces less consumption of C] because of the increase in its relative
price. Hence, the wealth effect induces less fertility while the

substitution effect induces more. The total effect on fertility can be

inferred from the total effect on the demand for C] since %%H<0. and 1is

]See appendix A, relationship 21. For a specific account of the
effect of an increase in age-specific mortality rates on "benefits" from

children, see Donald J. 0'Hara, Changes in Mortality Levels and Famil
Decisions Regarding Children, R-914-RF, (Santa Monica, California: Tﬁe

Rand Corporation, February 1972).
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summarized by

I

dN 1 CAl,

K= Eop, O gO-Eg g ) FEe 5 al,
G 1, Ty €My I =3°

(J=p, W.! (34)

The price elasticity of C2 (Ecznz) indicates the change in total
expenditure on C2 (HZCZ) as the price of the commodity falls. When
|Ec 1 |>1 the total real outlays of this commodity in terms of C] increase,
decreasing the demand for C], i.e., increasing the demand for children.
The change is reversed when |Ec2n |<1. The relative size of the effect on
C] is positively related to the wealth elast1c1ty of C, (EC]I ), the
share of C2 in wealth (-—1—4, and the term (1- N )<6. all having a pure
wealth effect as in the case of a change in Y2 The total effect is clearly
larger the higher the elasticity of I, with respect to either of the two
exogenous changes (EHZJ).2

Since the income and substitution effects operate in opposite
directions on C] and the upper bound of C] is constant, it is possible

to adapt the analysis of labor supply to derive the effect on the demand

for children. At low levels of survival rates or benefits from children,

1See appendix C, section V.

2 I, can be interpreted as the cost of a survivor in the special
case where -~ C PNN and W takes the standardized value of 1. Under this
assumption p is the effect of a relative change in mortality (j=p)
on the relative cbgts of a survivor. Ben Porath and Welch assumed ft is
less than unity. This model does not provide any a priori reason for a
similar assumption, unless one considers a low elasticity of substitution

between C, and C,. Yoram Ben Porath and F. Welch, Chance, Child Traits,
and Choicl of Faﬁi] Size, R-1117 (Santa Monica, Cali?orn1a: The Rand

Corporation,1972).
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the substitution effect may be dominant. Hence, an increase of either
of the variables will cause a reduction in consumption of C], i.e., an
increase in the demand for children. As the levels of P or W increase,
the wealth effect on C] becomes dominant, increasing the demand for C]
and consequently reducing the demand for children. This pattern is
illustrated by the price-consumption curve (PCC) EOCOC' (figure 4).
Where dcl/dc2<0 on this particular curve, the substitution effect on C]
is dominant, indicating an increased demand for children. The pattern
reverses where dc]/dc2>0, passing through a critical point dc]/dc2=0
where the demand for children is unaffected.

An increase in fertility that levels off subsequently--resulting
from increasing survival rates--is often suggested as the common behavioral

! He suggests that the

pattern. O0'Hara reaches a similar conclusion.
wealth effects will induce demand for more educated children at the
expense of less children. This model implies a higher demand for more of
all other commodities, which are "normal" and subject to a dominant wealth
effect.

The effect of compulsory schooling can be analyzed with the
variable W. Compulsion means that the parents' rate of return (W) from
children decreases because of schooling. The discussion suggests a

decrease in fertility at initial stages, but may increase it later on as

the parents' compensate for the lowered wealth by more fertility.

10'Hara, Mortality Levels and Family Decisions.
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V. UNCERTAINTY, AND INVESTMENT IN HUMAN CAPITAL

The preceding discussions assumed that future income (C2) is a
deterministic choice variable. Fertility behavior has been derived from
the demand for C_ and C

2 1
The following discussion introduces the element of uncertainty into the

under conditions of certainty and risk neutrality.

analysis by assuming, more realistically, a stochastic C2 and risk averse
parents.

This discussion is combined with an extension of the basic model
to eventually make P, a child's probability of supporting his parents, and
W, the level of support, endogenous to the parents' decision making. P
and W are assumed to be affected independently by investment in children's
health and education, respectively. Introducing the opportunity of
investing in human capital under conditions of uncertainty can be viewed
as an extension of existing analyses dealing with the issue of "child
quality."]

The discussion adapts and applies the analytical framework that
has been developed by A. Sandmo, whose analysis suits this discussion.2
It utilizes a two period consumption model, and risk is defined in a

temporal context; the outcomes of various prospects are unknown until

after the savings-consumption decisions have been made. Some of the

TR.4. Willis, "A New Approach to Economic Theory of Fertility
Behavior." Also: Dennis N. DeTray, "Child Quality and the Demand for
Children," JPE 81, Part 2 (March-April 1973): 70-95; and G.S. Becker
and H. Gregg Lewis, "On the Interaction between Quantity and Quality of
Children," JPE 81, Part 2 (March-April 1973): 279-288.

2A. Sandmo, "The Effect of Uncertainty on Savings Decisions,"
Review of Economic Studies 37 (July 1970): 353-360.
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arguments are supported by the more generalized analysis by J. Dreze
and F. Modigliani.] The discussion is subject to some restrictive
assumptions and the general limitations of the theory of behavior under
uncertainty.

The discussion below redefines the utility function (1), and
considers the determinants of risk averse behavior in developing economies.
It retains initially the assumptions of exogenous P and W, and considers
the effects of risk on fertility when risk relates to future income that
is independent from fertility-savings behavior (YZ) as well as when risk
relates to benefits from children (T). This is followed by allowing P and
W to be endogenous. For analytical purposes, only one income stream--

Y2 or T--is assumed to be a stochastic variable at a time.

Restatement of Assumptions and Redefinition of the Utility Function

The discussion depends critically on certain assumptions primarily
concerning the utility function. The basic assumption of imperfect markets
for assets and insurance is maintained. Under this regime the parents
must make consumption-savings (fertility) decisions in period Ty before
knowing the outcomes in terms of Cz.

The parents are assumed to maximize the expected utility function
*
U=EU (C],Cz), (35)

where C] is a deterministic variable and C2 is a stochastic one which

will be defined below. This function complies by assumption with Sandmo's

1Jacques H. Dreze and Franco Modigliani, "Consumption Decisions
Under Uncertainty," Journal of Economic Theory 5 (1972): 308-335.
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definition; its basic properties are the existence of risk aversion and
decreasing temporal risk aversion with respec to C,. The latter implies
that the risk aversion function l} Uigrtif'tzy] decreases with C, and
increases with C1.]

The assumption about risk aversion may be universal. It is,
however, especially valid for this particular analysis because it
concerns investment in children, and because of certain conditions that
apply to parents in developing economies. The consumption-saving--
fertility--decisions are made prior to establishing Cz. This implies
that parents, in general, are more likely to be risk averse regarding
investment in children, because people are willing to pay a larger
insurance premium to avoid temporal risk than to avoid equivalent
timeless risk.2 Dreze and Modigliani add that the willingness to bear
temporal risk is inversely related to the consumer's marginal propensity

to consume, and positively related to the absolute rate of substitution

between C] and C2.3 Masson also attributes risk aversion to the

1Sandmo, "Uncertainty on Savings," pp. 354-355. See also:
Dreze and Modigliani, “"Consumption Decisions," pp. 313-315, 324, Of
the class of utility functions which satisfy this definition, the
quadratic one with respect to C, is ruled out because of its limiting
implications. This utility function may imply increasing risk aversion
with respect to wealth, which may not be too realistic. See: J.W. Pratt,
"Risk Aversion in the Smal] and in the Large," Econometrica 32 (1964):
122-126. This functional relationship has further Timitations on the
generality of the analysis. See: Michael Romchild and Joseph E. Stiglitz,
"Increasing Risk Il: Its Economic Consequences,” Journal of Economic
Theory 3, (1971): 66-84.

2The following articles relate to this point: (a) Michael
Spence and Richard Zeckhauser, "The Effect of the Timing of Consumption
Decisions and the Resolution of Lotteries on the Choice of Lotteries,"
Econometrica (March 1972): 401-403. (b) Sandmo, "Uncertainty on Savings,"
reze and Modigliani, "Consumption Decisions," pp. 311-316. They
argue that a temporal uncertain prospect is never preferred to a timeless
one which bears the same risk.

3Dreze and Modigliani, "Consumption Decisions," pp. 311-316.
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imperfect capital market.! A1l these underlying reasons for higher risk
aversion are believed to apply to populations in developing economies:
high marginal propensities to consume, imperfect capital markets, and
apparently a low absolute rate of substitution between Cy and Cy, given
the lack of institutional arrangements to support the aged. These
conditions set a relatively high "penalty" for not securing income for

old age.

The Effect of Uncertainty on Fertility

The following discussion utilizes Sandmo's concepts of "income
risk" and "capital risk", which are defined below, as well as the notion
of "increase in risk". Sandmo's two concepts correspond to the two
possible future income flows Y2 and T(N, P, W). The general function T
is assumed linear, for analytical purposes, with some loss of generality.

Hence, the temporal transformation relationship (2) is now
Cp = Y2 + NPW Y220, NPW>0. (36)

Each of the terms on the right can be assigned a probability distribution,
making C2 a stochastic variable. The discussion infers the effects of
risk, which relates to each term at a time, on the demand for children

from the effects of risk on period T, consumption (C]), since dC1/dN<0.

]
"Income risk is concerned with uncertainty concerning future
non-capital income . . . .In case . . .of income risk the role of savings

is that of a buffer providing a guarantee that future consumption will not

1
Masson, "Creation of Risk Aversion," pp. 77-86.
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fall below a minimum 1eve1.“] The model's specifications imply that Y2
is non-capital future income, children being the capital good. The parents
are assumed to assign a subjective probability distribution to Y2, but know
with certainty the value PNW, which they can affect by fertility behavior.
Sandmo defines an "increase in risk" in this case as a multiplicative shift
in Y, (yYZ). counteracted by an additive shift (sz + ©) that keeps the
mean constant, since YZgO.2 He proves that an increase in risk will
decrease consumption in T], given the sufficient condition of decreasing
temporal risk aversion. This implies more savings--a higher demand for
children--than in the risk neutral case. The rise in savings--fertility--
is an attempt by the parents to compensate with a higher expected value
for the increase in risk concerning Y2‘

Capital risk, according to Sandmo, deals with the uncertain yield
on capital investment. It complies with the notion that "the more one
saves, the more one stands to lose.“3 This type of risk can be applied

to the investment in children, assuming a deterministic Y2 and utilizing

the distributional effects of the parameter P, which stands for each child's

probability to survive from T1 to T2'

Téandmo. "Uncertainty on Savings," p. 353. The "introduction"

of risk is considered equivalent to an "increase" in risk. One can
assume that in previous discussions Y2 was known with certainty. Now
it is exposed to uncertainty, and its® expected value equals its
deterministic value in the riskless case.

2An increase in risk is not to be implied from an increase in the
variance of C, only, since a distribution with a higher variance also has
a higher mean~and dominates one with a lower variance, as long as the left
tails of both distributions start at the same point. See also: Rothchild
and Stiglitz, "Increasing Risk: I Definition," Journal of Economic Theor
2 (1970?: 225-243. The third definition of risk by Rofﬁcﬁila'ana'STiglifz
--that a shift of the above nature increases the weights in the tails of
the distribution--is consistent with Sandmo's above definition.

3Sandmo. "Uncertainty on Savings," p. 353.
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The expected number of survivors (SR) from N children born,

each with a probability to survive Pj(i=1. . . N), is
E(SR) = PN; (37)

since when P; = Pj(ifj), E(P) = P.

The variance is given by
VAR (SR) = NP (1-P), (38)

since VAR(P) = P(]-P).] Consequently, the expected value of services

from children is

E(Cz) = WPN + Y2, (39)
and the variance is

VAR(C,) = WNP(1-P), (40)

while Y220 is assumed a deterministic variable.

1
In the more general case when P; # Py N
E (SR) = PN, P o= o Ty
and, 1

VAR (SR) =£j il - py)

3|
+ % :;J COV (SRy» SR;)

The co-variance term indicaies the dependence between survival rates
of any two children. It is realistically assumed that COV (SRi. SR;) >0,
indicating that mortality rates of any two children atre positively gorrelated
in any given household.
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The introduction of risk, which is defined as before, has an
ambiguous effect on fertility in this case. It carries, according to
Sandmo, an "income effect,” which is identical to the effect of income
risk, and a "substitution effect," which follows from the necessary and
sufficient condition of risk aversion that makes the consumer "less

ol Hence,

inclined to expose his resources to the possibility of loss.
the “income effect" induces more savings--more fertility--and the
substitution effect less. A feature of this argument is that the higher
fertility increases the expected value as well as the variance of Cz,
leading to the conflicting tendencies in the parents'’ behavior.?2

It is possible, however, to make some conjectures about the
possible dominant effect on fertility based on the idea that the "income
effect" operates to protect against low levels of CZ' Suppose that
Vé>0 is a threshold level of guaranteed future income not from children,
that the parents strive to surpass. Hence, whenever Yzzvé, the "income
effect" is likely to dominate, i.e., inducing more fertility for a higher
expected C2, even though at higher risk. Whenever YzéYé, the substitution

effect is likely to dominate, i.e., inducing less fertility to expose less

1Sandmo, "Uncertainty on Savings," p. 357. For a generalized
approach on this issue, Dreze and Modigliani, "Consumption Decisions.”
Approaching the same problem, Rothchild and Stiglitz show that the
mean-variance analysis, or quadratic utility function, leads to a
limited conclusion that savings in Ty must decrease. Stiglitz and
Rothchild, "Increasing Risk II," pp. 66-84.

2
The increase in the expected value and variance of C, is shown
by deriving expressions (39) and (40) with respect to N. See%appendix D.
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current (T]) resources to risk, regardless of some loss in the expected

1
value of C2.

The major conclusion of this section concerns the effect on
fertility of non-savings future income (Yz). and it complements the
conclusion that followed the discussion of the effect of Y2 on fertility
in the riskless case. It suggests that higher assurance (lower variance)
of a given level of Y2 will lower the demand for children, producing the

same effect as an increase in the level of Y2.

Investment in Human Capital under Conditions of Uncertainty

Investment in a child's human capital is defined in terms of the
parents' real outlays to increase a child's probability to survive (P) and
his anticipated income (W) above some endowed levels, Po and No. Since
human capital is embodied in children, it is reasonable to assume
diminishing returns on investment in either health of a child or his

2

education.” Under conditions of certainty, optimal behavior implies

1This particular discussion is based on the assumption that each oW
surviving child's contribution to his parents (W) is not a function of Y (57-80).
This assumption, however, is not a necessary condition for the conc]usioﬁ. 2

ZT.W. Schultz, The Economic Value of Education (Columbia University
Press: New York, 1963). G.S5. Becker, Human Capital: A Theoretical and
Empirical Analysis, with Special Reference to Education, {National Bureau of

conomic Research, New York, . chael Grossman, The Demand for Health:
A Theoretical and Empirical Investigation, (National Bureau of Economic Research,
ew York, . ucation is defined nere in the broad sense. It may include,

in addition to formal education, non-formal education--home and farm, on-the-
job training--as well as instilling ethical values, which may be important
for this particular discussion. W can also be increased by other assets as
outlined before. This case is not considered explicitly in the discussion
because such assets are not embodied in children and the parents do not stand
to lose them with child mortality. However, for a discussion of investment
in child quality vs. other investment opportunities, See: Bush, "The
Economic Analysis of Fertility: Two Extensions." (mimeograph, Virginia
Polytechnic, 1973).
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investment according to the marginal rates of return, either by investment
at the intensive margins--in human capital of the marginal child--or at
the extensive magins--by having an additional child. The following
discussion of investment in children's human capital (quality) under
conditions of uncertainty leads to the conclusion, which has an intuitive
appeal, that investment in a child's health is a means to insure higher
investment in education, and that the two types of investment are
complementary.

The parents' "portfolio" contains four assets; one of these--
Y,20--continues to be deterministic and exogenous, and the other three--
N, W, and P--are endogenous and determine the distribution of C2. The
parents can change the distribution by W and P when N>1, and by N. Hence,
risk is endogenous to the household and so is the rate of return from
children. The discussion is constrained by the argument by Dreze and
Modigliani that ". . .in the absence of perfect market(s) for assets and
insurance, separability between consumption and portfolio decisions is

wl Thus, the composition of the parents' “portfolio"

rather implausible.
must be linked to the possible effect on C]. i.e., on fertﬂity.2 It is
assumed that the income effect, as defined in the previous section, dominates.
Hence, parents wish to compensate for higher risk by a higher expected
value of services from children (C2).

The behavioral implications of the endogenous variable are based
on the differential effects each has on the distribution of Cz, and on the

expected utility function. Both an increase in the number of children (N)

]Dreze and Modigliani, "Consumption Decisions," p. 328.

2Note that this is not a portfolio problem in the regular sense
since the three assets are interactive. A more general appraoch can treat
Y, as an alternative market investment opportunity with a fixed return. The
cgnsequences of this possibility are discussed in the following chapter.
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and an increase in each one's education (w) have additive and multi-
plicative effects on the distribution; the mean increases along with an
increase in the variance. Differentiating expressions (39) and (40) with
respect to N and W establishes that a change in the latter will increase

the variance of C, more than a change in N, for a given change in the
mean.] This implies, according to the previous definition, an increase
in risk. Children are therefore less risky than education. This argument
has an intuitive appeal; it suggests that attaining a given expected level
of C2 via fewer children with higher education is more risky than having
more children with less education. Alternatively, given a child's survival
probability, the expected loss is higher when the child is more educated.
This loss is even higher when N>1, and the children's possibilities to
survive are interdependent, COV (SRj, SR1)>0.

Increasing a child's probability to survive by investment in
health increases the expected value of Cz, and reduces the variance when-

ever P>0.5.2 This effect is magnified when the health status of one
child affects the other children, COV (SR,, SR1)>0.

ISee appendix D. The ratio between the mean and the var{ance
does not change in the case of variation in N. It falls when W increases.
Note, however, that the above discussion does not employ a mean-variance
analysis. '

2See appendix D. Postulating the endowed P_>0.5 is a realistic
assumption in the Indian context. Bounds on the probab?]ities of the parents
to reach age of support can be established based on the following assumptions:
(a) Fathers' prime fertility years are between 20-35 years of age. (b)
A parent (father) expects to be supported after age 45. (c) A son can start
supporting his parents at age 15. The joint probability of the father
reaching age 45 (from 20) and the elder son reaching 25 is .6396, assuming
that their probabilities to survive are independent. For having a child at
age 35, the joint probability of the son reaching 15 and the father age 50
is .6205. The joint probabflities of at least one of the parent surviving
with a child are higher. Computed according to 1ife tables (males) from:
0.B. Saxesna, India, Population in Transition (New Delhi: Commercial
Publication Bureau, .
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At the optimum point, the marginal expected utilities from the
prospects must be equal. This requires differentials in the shadow prices,
nj (j=N, P, W), of the prospects as a necessary condition for a non-corner
solution, i.e., zero investment in one of the assets, given N21.1 An
increase in EC2 by W coincides with a smaller increment in EU (C], CZ)
than the same increase by N or P. Hence, increasing EC2 by W must have a
lower shadow price (nw) than increasing EC2 by the two other opportunities.

Following this argument the relationship among the prices should be
Ty < Ty < Mps (41)

namely, the marginal costs in terms of C] must equal the marginal benefits
in terms of the gain in expected utility.

Keeping the ranking of shadow prices as outlined and assuming
ratios that avoid a corner solution, it is possible to conceive that,
within a certain range, the parents can combine (linearly) investment in

health and education:
ol, + (l-a) I, = my, (42)

where a is the share of a given gain in EC2 attributed to W. Thus the
parents can invest in the two forms of human capital in existing children
for a certain gain in expected utility, rather than having an additional
child, This implies, first, that investment in health and education are

complementary; the parents "insure" the higher investment in a child's
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education. Second, investment in human capital continues up to the
equality point in relationship (42), which defines optimal investment in
human capital per child. From that point the parents prefer to have an
additional child.

Another notable implication is that the demand for health has the
highest price elasticity. Any decrease in its relative price has a
"premium" not only in terms of real income, but also in terms of reduced
risk whenever P>0.5. A decrease in the relative price of health will
primarily induce substitution away from education within the human capital
"package." It may also induce less fertility because of the implied
reduction in risk. A corner solution would imply that the parents will
invest all in health and none in education (a=0) at a sufficiently low
relative price of health. However, the marginal benefit from a unit of
spending (C]) on P must fall relatively fast since P41,

According to this discussion, income does not have an effect on
the amount invested in the human capital of a child, unless the decrease
in risk aversion is considered. The specification of the utility function
indicates that wealthier parents may be willing to take higher risks.

This may suggest, within this framework, that higher income groups may

be willing to invest more in the risky asset--education.
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VI. THE DEVELOPMENT OF A CAPITAL MARKET

Economic development is marked by an increase in the rate of
return to capital, brought about by investment in "modern sources of
income," and the emergence of financial intermediaries, resulting from
specialization of labor between saving and investment. These changes
are assumed to increase the return on financial savings; the borrowing
rate, which the capital's marginal productivity determines, is the
upper 1imit that the lending rate for investment approaches as
competitiveness increases in the capital market. Furthermore, the
development of financial intermediaries reduces the risk that is
associated with lending.] This encourages potential lenders to save in
the form of financial assets, including insurance. The following
discussion concludes that these developments reduce the demand for
children and increase the household's welfare as well as the level of

financial savings.2 This may also be associated with more investment

in children's education.

The Effects on Fertility - The Lending Household

Optimal behavior must equate the marginal rate of return on

1
) K.J. Arrow, "The Role of Securities in the Optimal Allocation of
Rlsk-Bearing,f Review of Economic Studies 31 (April 19, 1964): 91-95,

2

The same conclusion is produced by Neher, who assumes in his
modg] the same trade-off between children and financial assets, =3
vehicles of old age income. Neher, "Peasar.cs, Procreation", p. 387.
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C, =~

Figure 5
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investment in children to the marginal return on other saving-investment
opportunities under conditions of certainty. This is indicated by the
first order condition (25) and is illustrated by the tangency point L

in figure 5. r* is a positive market discount rate that determines the
slope of the segment MLD'.

The household allocates savings to investment in financial
assets and investment in children. The two are correspondingly
illustrated by the segments G&' and B in figure 5. The improvement in
the household's welfare because of the transactions in the financial
market is illustrated by the point Oé on a higher indifference curve Y.

An increase in the market rate of return is equivalent to
improving the household's “"terms of trade." It becomes more efficient to
trade current for future income by means of financial assets than by
children, within a given range. This causes substitution away from
children up to the point where the marginal rates of return on both
investments are equa]ized.1 A corner solution is plausible when the
market interest rate is higher than any feasible marginal rate by the
temporal transformation via children. It implies that children cease
to be investment commodities, and savings for future consumption is in
the form of financial assets only. The particular case can be

illustrated in figure 5 by converting the tangency point L to E.2

1Even in the case where the rate of return on children accounts
for the psychicutility from them, an increase in market opportunities
makes these "consumption services" more costly. VYet, it is not clear
what will happen to the demand for children because of opposing price
and wealth effects on consumption.

2This can be viewed as a threshold to a socio-economic realm
where children are consumer durables only.
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A positive marginal rate of return on children as an investment
is now a necessary, but not a sufficient, condition for an internal
solution. The existence of this condition is empirically disputed;
but the relevant findings must be qualified.

The most notable empirical exercise on this issue was performed
by Goran Ohlin, who compared the real expenditures, in adult equivalent
terms, on children aged 0-15 to various discounted values of the parents'
gains at ages 60-85.1 Ohlin concluded that the rate of return of children
as an investment is actually negative. This finding must be qualified on
several grounds, however. A less fundamental issue is the choice of the
specific age intervals, which clearly affect Ohlin's particular results.
A more fundamental issue is the validity of such an exercise as a proof
of the existence of the pension motive. Ohlin based his conclusions on
ex post averages across households. This implies that some particular
households may, nevertheless, have positive marginal (and average) rates
of return on children, at least ex ante. The mere fact that survey data
indicate that parents have a pension motive should be evidence of a priori
positive rates of return or no better alternatives than children. The
issue of alternatives is critical to the argument of investment-motivated
fertility as a form of economic behavior, and must be addressed in any
exercise of computing rates of return, since it is the relative rates that

matter. At the outset, it has been realized that the pension motive

1Ohlin, "Population Pressure," p. 1728. For additional comments
see: W.C. Robinson, "Peasants, Procreation and Pensions: Comment,"
AER 62 (December 1972): 977-978; and Philip A. Neher, "Peasants, Procreation
and Pensions: Reply," AER 62 (December 1972): 979. Rosenzweig also
disputes that children can be a profitable factor in US. farming (Rosenzweig,
"Economics of Fertility").
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clearly does not hold for the entire universe and it is not the only
motive, even in developing countries.

My model implies that the marginal rate of return is inversely
related to the number of children.! Thus, the first-born child may have
a positive rate of return as an investment.Z Furthermore, "lower quality
children" may involve a relative saving in costs vis-a-vis the returns
and, consequently, yield a positive rate of return.

When the risky asset children is considered and compared to a
risk-free asset with a given rate of return, children must yield a higher
expected rate. This condition suggests a decrease in fertility when the
return on the safe asset increases, as outlined before. However, the
risky asset-~children--offers a distribution of rates of return, some of
which are higher than the returns on the safe assets. Thus, some parents
may wish to "gamble" by more fertility for these higher returns.

Parents may trade children not only for financial assets but also
for human capital of existing children. For a net lending household the
income effect of an increase in r* may induce more investment in the
riskier asset, education of fewer children, if higher incomes decrease

risk aversion.

The macro-economic implications of this discussion are significant
in the context of economic growth. This model implies a change at least
in the form of savings from the household's viewpoint: from children to

financial assets and probably human capital. This is an increase in the

1If economies of scale exist within a range--enough to offset the
diminishing returns-~the returns to children may increase within that
range.

2This point may relate to the special status of the first born
son in many cultures.
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level of savings from the macro point of view, where children are not
regarded as a form of savings for capital accumulation. This conclusion

holds even if the income effect induces more consumption of Cy.

The Effect on Fertility--The Borrowing Household

This discussion focuses on the lending household since lending
is the common way to transfer incomes into the future. However, this
need not be the case, especially when children are considered as a form
of self-investment. Some households may find it profitable to borrow
in the emerging financial market to finance current consumption as well
as to invest in children.! In this case children are used as a collateral.
The increase in wealth induces a higher demand for the "normal
good" Cz. On the other hand, the price of this commodity has increased,
thereby reducing the quantity demanded of it. Identical effects apply
by definition to the derived demand for children. No a priori statement
can be made about the dominant effect on fertility. An increase in the
demand for children will follow a dominant income effect, if that does
not induce more investment in their education as a consequence of decreasing
risk aversion.
The same argument follows concerning the effect on fertility of
a change in the market discount rate. However, it is clear that an

increase in this rate is likely to convert the borrowing household into

Twhether a particular household is borrowing or lending at a given
market rate depends on that household's time preferences set, and on its
own intertemporal transformation opportunities. For analytical purposes,
the discussion assumes a homogeneous preference set across households.
Hence, lending or borrowing is determined by variable intertemporal
transformation opportunities.



a lending one. This case, which is plausible, will have a deterrent

effect on fertility, as outlined before.
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VII. WELFARE AND POLICY IMPLICATIONS

Policies to induce less fertility are common in numerous developing
economies.! These policies have been directed primarily toward family
planning and were motivated by budgetary considerations as well as the
belief that family planning is the solution to high fertility rates.

Clearly, some observed fertility is due to costly methods of
contraception, especially in developing areas. However, this model
asserts that high observed fertility is caused by a capital market
failure to provide other savings opportunities for old age in a
traditional agricultural environment. The following discussion utilizes
the model to derive the implications of a common policy principle to
induce family planning by material incentives. This principle is compared
to old age pension programs. The basic conclusions of this chapter depend

on the specific assumptions made about the financial market.

Welfare Implications of Family Planning

The model is based on notion that the parents maximize their
welfare from lifetime allocation of consumption via fertility decisions.
It predicts that inducing less ferfi]ity may require relatively large

compensations to the parents or otherwise, may impose a loss in the parents'

1

Dorothy Nortman, "Population and Family Planning Programs: A
Factbook," Reports on Population and Family Planning, no. 2 (The Population
Council of New York, December 1974).
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welfare. It does not predict an increase in savings as a result of an
induced decrease in fertility, given the underdeveloped capital market.
This particular conclusion may bring the economic validity of the family
planning program into question.

A policy that would make it mandatory to have fewer children
than the optimum number, N, (figure 1), will reduce the parents' welfare
under any regime, regardless of the structure of the capital market. A
less hypothetical case is where parents are offered a price for each un-
born child below Ny, In this case, the parents can "sel1" any amount of
children (No - Ny) for a constant premium P. in terms of current consumption.]
The revenue from this trade Pr (No - Ny) should be higher than their own
"trade" opportunities as indicated by point H in figure 6. The parents'
net gain JH during T] from this trade is transferred into J'H', in quadrant
III, and provides them with higher consumption opportunities in T1 but

less in Tz, because children are the only means of savings; therefore, the

parents have no means to increase the level of their savings.

The required compensation to maintain the parents' Tevel of
welfare depends on the subjective rate of substitution between C] and Cp,
or the parents' time preference. The lower the two are, the higher should
be the level of compensation JA. Given that people are concerned with
their old age incomes, the marginal rate of subjective substitutions
between C] and C, will probably depend, among other things, on the
available social welfare system for the aged. It is realistic to assume

that the less developed this system, the lower the rate of subjective

41hlear1y, the parents can "exploit" the system under these simplified
assumptions since Ny is unknown to the authorities.
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substitution between C] and C2, ceteris paribus. This implies that the
compensations required to induce less fertility may approach infinity,
given the underdeveloped capital market and the lack of institutional
arrangements for the aged. Furthermore, when such programs are under-
taken, total savings in the system will drop, ceteris paribus. These
arguments may offer one explanation of the nondramatic changes in fertility
behavior, and the presumed consequences, due to various family planning

programs in developing economies.1

The Effect of Transfer Payments during Ty and T,

Material incentives to fecund couples to be advised about birth
control methods can be considered as transfer payments to parents during
T]. These may enable the parents to control the number of children they
have, but may not modify the desired number of offsprings. On the
contrary, the model predicts that the demand for children increases.?

A transfer payment of this nature will result in a higher income
in T]. This will necessarily increase the demand for children, ceteris
paribus, as long as the parents wish to transfer part of the increase

in current wealth into the future by an increase in the demand for C2‘

1In this context, the Chinese (Mainland) experience may be of
interest. The Communist system provides old age security as a matter of
definition. This may be an important factor in explaining the observed
decline in fertility in China as opposed to neighboring India. On
population trends in China: Pi-Chao Chen, "China's Population Program at
Grass Root Level," Studies in Family Planning, Vol. 4, No. 8., August 1973,

2It is hard to tell a priori what will happen to observed fertility.
Although there is the incentive to increase fertility, the fact that
fertility is contingent on more control may reduce the number of unwanted
children, at least in the short-run. This may be one possible explanation
of the controversy about the success of such programs.
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The opposite result is predicted if the transfer is given in T _, as

2
predicted by the effects of increasing Y2 under conditions of certainty
and uncertainty. In the latter case, just the assurance of a certain
level of Y2 reduces the demand for children.

01d Age Benefits Financed by Taxes

The common institutional scheme is where the benefits paid out
during period T2 are financed by taxing the potential beneficiaries'

incomes (the parents) during T This has effects on fertility that are

1°
different from the effects produced by old age benefits (Yz).

The tax produces opposing price and income effects. The price
effects follow because the tax discriminates between market and non-
market activities, the production of income and of children, respectively.
The tax reduces the marginal productivity of the mother's time in
producing income by a factor equivalent to the tax rate. This will
cawse a shift of part of her productive time into production of children
and lower their shadow price. Thus, the tax carries a pro-fertility price
effect. This effect is intensified when the tax system provides allowances
for children. These allowances are actually an additional "premium" to
any factors used in the child production. The income effects of the tax

on fertility are negative, as is the effect of the pension programs per

se.
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VIII. [INTRODUCTION TO THE
STATISTICAL ANALYSIS

The theoretical discussion produced these testable hypotheses:

1. An increase in income (pure income effect)
during the reproductive part of the parents'
life cycle increases the demand for children.

2. An increase in anticipated (expected) income
during retirement reduces the demand for
children.

3. The development of institutions that secure
income for old age reduce desired fertility.
The effect is expected to be enforced when
these institutions are financed by taxing
income during the reproductive part of the
parents' life cycle.

4, The extended family, one with more female
relatives in particular, may involve a
negative income but a positive price effect
on the demand for children.

5. Lower child (age specific) mortality rates
are likely to reduce fertility. The critical
parameter is the demand elasticity for child
services (survivors). If it is greater than
|1] fertility will increase.

6. Reducing the relative costs of education and
health services may reduce desired fertility.

The empirical testing of these hypotheses calls for certain data
requirements. First, households that are believed to make their fertility
decisions in a traditional agricultural environment, characterized by
limited intertemporal investment opportunities, must be identified.
Second, fertility must be measured properly. The model itself is
specified in a static framework, using the unobservable concept of
"desired fertility." For empirical purposes, completed fertility may
be the best proxy for desired fertility. However, since fertility is

a life cycle phenomenon, the marginal birth can be related to the
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same set of explanatory variables that is believed to determine completed
fertility; in particular, when data do net provide for the best proxy.
Another data requirement is a complete socio-economic picture and history
of the households; however, the forthcoming empirical discussion is based
on data that deviate from this last requirement. Hence, the discussion
is subject to certain biases, which will be discussed.

The findings support some of the hypotheses outlined. Income has
a positive effect on fertility. Estimating the effect of this variable
was problematic because of the evidence that children contribute to family
income at relatively early ages. Households that receive income from
sources that are relatively stable over space and time tend to have
fewer children.

Elderly persons in the households do net account for variation
in income. Hence, it is very likely that their children support them.
The presence of elderly female relatives in the household has a positive
effect on fertility. Mother's education seems to have the same effect,
in an environment where females' education is negatively correlated to
their labor force participation.

The household's stock of financial assets, in particular, is
negatively related to the "stock" of younger children who are at home.
The relationship reverses as children grow up. While this may be
consistent with the hypothesis that the two "assets" are substitutes,
it may also reflect regular savings behavior in this setting.

It is evident that children's education is a positive function
of parents' income and education. The results suggest that the parents
discriminate against the education of daughters. Furthermore, there
seems to be less incentive to replace daughters, in regimes of high

child mortality, than to replace sons. The evidence that the parents



Table 1

General Socio-Economic

Indicators for the Two Villages

I

——a

Indicator

Ankodia

VILLAGE

urangdeshar

Population:

Females 15-44
Children 0-14

Households:
Extended:
Income:

Per Household
(in Rupees)

% from Agriculture

Education:

% Literate

Mean years of
schooling of
1iterates

% Children
6-14 1in
school

Assets*

Value of land
per household
(Rupees)

Value of
financial
assets per
household
(Rupees)

% of Gold and
jewelry of
financial
assets

1,718

404
682

298
131

4,836
75.38

Males

77.70
4.8

A

21,412

2,143

50.2

Females

66.49
3.9

1,807

341
873

N
125

4,695
83.40

36.50 4.70
4.8 3.9

27

38,432

2,302

52.3

*Based on the data that do not include the entire population
of households; but the ones included in statistical analysis (discus-
sion forthcoming).

68



69

replace children who died indicates that the demand for child services

is inelastic.

The Data
The empirical discussion is based on cross-sectional household
surveys of two Indian villages: Naurangdeshar (N.D.), in the district
of Rajasthan, and Ankodia, in the Gujarat district. The entire populations
of the two villages were surveyed, the former during 1968-69 and the
latter during 1967-68.1
Some major comparative characteristics of the villages are reported
in table 1. The two communities are agricultural. The share of agriculture
in total income is somewhat smaller in Ankodia, which is more developed,
primarily because of the development of small scale industry. The most
significant difference between the two is in the educational status of
the populations. The composition of asset holdings point out the limited
investment opportunities for modern financial assets. The following is
a first-hand description of these conditions:
. « JFor instance, forms of investments like
small savings which include post office savings
bank deposits, prize bonds, etc., and other
Government securities were not popular. The
idea of life insurance had percolated to only
an insignificant number of villagers, mostly
among those in government service . . .Thus,

on account of lack of alternative investment
channels coupled with the considerations of

1For extensive statistical summary reports on the villages, see:
R.M. Patel, Ankodia: Change in Economic Life in a Tobacco Village (Agro-
Economic Research Center, gaaar Pate University, Vallabh Vidyanagar,
1970); and D.M. Brahmbhatt, Naurangdeshar: Impact of Irrigation on a
Rajasthan Canal Village (Agro-Economic ResearcE Center, |§;1).
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Table 2

Distribution of Multigenerational Extended Households
by the Age of the Eldest Parent or Relative
in the Household and Generational Relationship
to the Head of the Household

VILLAGE
ANKODIA NAURANGDESHAR
Age of Elder Parent Age of Elder Parent

or Relative or Relative
Generational 50 and Below 50 and Below
Relationship of above 50 Total above 50 Total
Head of the (1) (2) (1) (2)
Household
Head of Household -
Living with a Parent
or Relative ------ (1) 37 21 58 39 3 42
Head of Household -
a Parent 1living
with Married
Children --------- (2) 50 17 67 46 12 58

Total 87 38 125 85 15 100




n

social prestige and traditional values,
people generally invested their money
in gold and silver ornaments and jewelry. !

The joint or extended household is a dominant socio-economic
institution in both villages. The distribution of multi-generational
joint households, i.e., married couples or widowed persons of at least
two generations living together, is reported in table 2. The households
are classified by the assumed relationship of support and the age of the
older generation in the household. The illustrated relationships in the
table support the assertion that the older generation is supported by the
younger one. The first row in the table seems to indicate children
supporting their parents or relatives. The second row shows parents
1iving with married children; the father maintains the status of "head"
as long as he lives, though he is likely to be supported by his children.
Only nine households in Ankodia and one in N.D. consist of persons 50
years old or more living alone.

The data for the regression analysis are of mixed quality,
especially the dependent variable. The data from Ankodia include the
number of children ever born (NCB), the number of children alive (NCA),
and the number of children at home (NCH), across all age cohorts. The
data from N.D. provide only the number of children at home. The data
from Ankodia allow for the selection of females over age 49 who completed
fertility; however, this procedure was not followed because of the limited
degrees of freedom, and because most of these women were living with

married children, in a socio-economic environment that is believed to

1M.L. Bhat, Naurangdeshar, A Village in Rajasthan Canal Zone
(Agro-Economic Research Center, Vallabh Vigyanagar, 1964}, p. 226.



differ from the one underlying their fertility decisions.

A basic problem was to establish a unit of observation in an

environment of extended households. The rule was to associate individual

couples, preferably in child-bearing ages, to an observed socio-economic

environment that is assumed to underlie their fertility decisions. In

the case of N.D., the additional problem was to minimize the downward

bias in the available dependent variable NCH, since some of the children

born most 1ikely migrated or died. Sixty-two households were deleted

from the original N.D. data for one of the following reasons: |

(a)

(b)

(c)

(d)

(e)
(f)

No children were reported 1iving in
the household.

The gap between the reported age of
the eldest child home and the duration
of parent marriage exceeded 15 years.
More than one family of the same age
group shared the same house and other
economic endowments.

Widowers and widows.

Singles (not married).

Inconsistent and missing data.

Seventy-six households were deleted from Ankodia for reasons (c) - (f).

For each observation included in the statistical analysis, the

data are the age, sex, and education of each household member, as well as

the household's income by sources, asset holdings, and the household's

Tror a detailed distribution, see appendix E. The selection
procedure used for N.D. when applied to Ankodia produces a simple
correlation of .825 between NCA and NCH, which indicates the bias of

the N.D. data.
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caste schedule.]

Specification of the Estimation Procedure

The estimation procedure is based on an Ordinary Least Squares

(OLS) regression analysis of the equation:

Yj = a, *+ B1Ln(Duration of Marriage)j
M
+ Z Bix.ij + Uj (j = ]o . on)’
=2

where Y is either NCB or NCH, with the corresponding values for boys, NBB,

NBH, and girls, NGB, NGH.2 The functional form and the vector {XJ.} were

established by a priori theoretical considerations and the estimates

themselves. Some variables significant to the analysis, for example,

land holding and financial assets, are included in the reported equations

even though they are statistically insignificant.3
Clearly, the use of OLS to determine one aspect of the household's

behavior, while using others as regressors, may lead to inconsistent

1For means and standard deviations of included variables, see
appendix F.

2Part of the dependent variable is included as an independent
variable, when NCB is used as a regressand and number of children died
(NCD) as a regressor. The implication of this procedure is discussed
Chapter XII. .

3“Caste,“ a significant variable in the Indian environment, was
deleted because statistical insignificance. Some studies explain variation
in fertility by "caste" schedules, but actually attribute the differentials
to income and education, which are included explicitly in this discussion.
Richard Anker, The Effect of Group Level Variables on Fertility in a Rural
Indian Sample, {International Labor Organization Working Paper, Geneve,
1974); and J.R. Rele,"Fertility Differentials in India, Evidence from a

?ura; Background," The Milbank Memorial Fund Quarterly 41, no. 2. (April
963).
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estimates. The relationships among the variables are simultaneous and
belong to a more complicated structural system. The quality of the
data, however, did not permit the use of more elaborate statistical
techniques. Insight into possible biases because of simultaneous
relationships is gained by applying OLS to sub-groups with biases that

are believed to be minimal.

The Life-Cycle Effects

The variable that accounts for natural life cycle effects on
fertility is the natural logarithm of the duration of (mother's) mar'riage.1
It is viewed as a measure of years of exposure to the risk of having
children. Duration of marriage is defined as the difference between the
mother's age at the time of the survey and her age at the time of marriage
minus years of marriage before age 12 and after 49,2

Naturally, "duration of marriage" produces a positive effect
on fertility and it is also statistically the most significant variable,
as reported in table 3 and subsequent tables. This variable, however,

may incorporate additional effects. Mother's age, which is included in

1This functional form assumes that the timing of children is
concentrated at earlier stages of marriage (young age cohorts), which
may not be true in this setting. It was tested against the linear
form and provided a better fit.

2In the case of Ankodia, "years of sterility" were also
subtracted.
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Table 3

Regreesiocn Cosfficients with We. of Childven Nome (WCH); No. of Boys Heme (WON)
and Wo. of Girls Home (NCH) as Depemdent Varisbles for ¥.D,
and with Wo. of Children Borm (NCB); Wo. of Boys Borm (WBB)

and Wo. of Girls Born (WCB) e¢ Depewndent Variables for Askodis

Mother's Rducatios Pother's Educetion Iacons Trom Other Peuple
Occupation Nomber of In the 2 alve 2 r
Depeadent LW (Dyratiom Literate Wo. of Yre. Literste %o, of Yre. Service Uaskilled Skilled Child. Died Nouse Ner Age {age) Yalue r 1 3 [¢ ot
Equation Village Varisble Comstent of Merrisge) {=1) of School {=1) of School (=1) Agricul (=1) of Land pre= fresdem)
1 no. n 0.048% 1.om1 -0.15876 ewmm- -0.55634 s -1.02932 0.00016 =0.00005 0.00014& meecs -2.40071 eemee 0.00054 =0.00283 =0. 00001 3 10.97
(6.357) (-0.330) (=2.134) (-2,085) (3.848) (-0.399) (1.564) (-2.167) (1.900) (~0.884) (=0.467) m,ny
2 np. L} 0.629%4 0.56235 -0.25902 —————— -0.42963 meeeee -0.77846 0.00013 ~0.00003 0.00014 —wmmeea «1.19900 easase-  0.00018 ~0.00425 -0.00001 -2 6.5
(6.184) (~0.649) (-1.987) (-1.902) (3.876) {=0.354) {1.837) (~1.263) (0.787) (-1.593) (=0.543) a1,21%)
3 no. na 0.219% 0.46831 0.10027 ———— -0.12671 asemen «0.25086 0.00003 ~0.0000t 0.00000 -1.20171 cmeenn 0.00037 0.00140 0.0000 .13 1.9
(3.776) (0.272) (~0.636) (-0.664) (0.029) (-0.138) (0.053) (=1.484) 1.733) ( 0.570) ¢ 0.000) 1,19
4 Ankodia =3 -1.10983 1.49499 0.47987 Rt emesssce mm——— emmmemces 0.00012 0.00039% 0.00006 0.80401 -1.15106 0.02125 —esvens -0.00183 0.0000 .60 30.3
(7.434) ( 1.742) (2.19%6) ( 2.100) {1.162) ( 9.941) (-0.9%) (1.019) {-0.366) (0.1 ae,ns)
s Ankodis » ~0.11507 0.59661 0.13665 —emaee cmvesce mamen secccese 0.00008 0,00014 0.00005 0.97505’ -1,392%7 0.02700 semeane =0.00192 =0.00001 36 15.60
(4.547) ( 0.749) (2.18%) (1.143) (1.400) (12.018) (-1.6%6) ( 1.956) (-0.51M) {~1.147) 1o,21%)
++
[ Aakodis w3 0.97611 0.785% 0.29624 cemmmn —————— 0.00004 0.00025 0.00002 0.%0168 0.28608 -0.005%0 0.00115 0.00001 .52 22.00
(5.556) { 1.482) {1.021) ( 1.8%) {0.447) (10.446) (0.719) (-0.351) (0.318) ( 0.066) 10,213)
? Aakodia L ] 1.43155 1.49073 0. 30869 R L 0.09749 R tatd 0.00010 0.00047 0.00003 0.81615 ~1.00645 0.01862 ~0.00150 0. 00000 61 .08
(7.434) € 1.065) (1.809) (1.831) ( 2.468) {0.358) 10.11y) (-0.816) ( 0.093) (-0.00) { 0.214) (11,213)
[ Ankedia | ] +1,074435 1.60505 ——eeas 0.10869 -0.33491 m.———— R evesacan 0.00010 meenmen 0.%0719 -0.00173 ~0.00002 .6 .00
(8.293) Q.7emn (-1.18%) (2.249) (10.152) («0.247) (=0.2%) 7,07

Sote™"Value of Land” is givem in unite of 1,000 Indian Rupess. The notatiom "=1"

and etands fer the occurence of the eveat.
* ¢t statistic ia parenthesss, ia this snd the following tables.
4+  Bumber of boys died.
++  tamber of girle died.

balow a variable in this and the following tables imdicatesthe use of chmmy varisbles,
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the definition of the variable, carries possible cohort effects.] The
estimated coefficient may be biased also because the mother's age at
marriage is an endogenous variable. This bias is apparently not

serious in this particular environment. The mean age at marriage of the
mother is 14.8 in N.D. and 13.2 in Ankodia, with corresponding standard
deviations of 4.2 and 6.9. Hence, age at marriage is likely to be
determined by the married couples' parents. The coefficient is negatively
biased when NCH is used as an independent variable, as in the case of
N.D., because child mortality and migration are positively correlated

with mother's age. This is verified by the estimated coefficient when

the number of girls at home, NGH, is used as a dependent variable. The
coefficient's level and its statistical significance are lower, consistent

with the fact that daughters marry off and sons stay with their parents.2

1A possible cohort effect could be established according to ages
of all children born, by computing the number of children a woman of age
A; (> A;) had at age A;, and comparing this number to the fertility level
o} a wolan of age A; a% the time of survey. However, these data are not
available. A regreSsion of NCH born during first five years of marriage
on mother's age produced a negative and statistically significant co-
efficient, which clearly accounts for the bias in the dependent variable
NCH. But it is impossible to account for cohort effects, which are
concealed in this result.

20ther possible sources of biases that relate to the variable?
(a) Under-reporting, especially of children who died, is positively
correlated to the mother's age, due to forgetfulmess. (b) A natural
selection bias: women with Tower fertility rates may live longer.
(c) Family planning practices: younger age cohorts, who are more efficient
practioners of family planning may have more children at younger age
(1ess spacing) because of a change in the risk of having unwanted children.
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IX. THE EFFECT OF INCOME

The model predicts a positive pure income effect on fertility.
The parents are assumed to transfer part of a gain in current income
into future consumption opportunities via more living children (ceteris
paribus). On the other hand, it predicts that parents who anticipate
other sources of income at old age will behave in the opposite way.
The empirical discussion supports these hypotheses, although their
statistical confirmation was problematic because of the data and the
particular setting.

The Estimated Income Effect]

The estimated coefficients of income by sources are positive,
as reported in table 3 and subsequent tables. The various sources of
income are not mutually exclusive; typically in an unspecialized
agricultural community almost every household reports income from more
than one source. For each of the major income sources--from agriculture,
and from skilled occupations for N.D. and unskilled occupations for
Ankodia--the income effect is positive and statistically significant.
Income from unskilled occupations is statistically insignificant in N.D.
where this source of income is primarily associated with agricultural

labor. Part of this group's income is most likely in kind, which apparently

1For definition of the income variable and sources of income
see appendix G.
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is subject to substantial reporting errors.1 The relatively lower
statistical significance of the coefficient of fincome from skilled
occupationf for Ankodia is attributed to colinearity between father's
schooling and “occupation seérvices," which will be discussed.

Unfortunately, the definition of income includes the contribution
of children. In N.D., children have earnings at ages as low as 11-15,
and in Ankodia at ages 16 and above. Thus, the validity of the positive
income effect may be questionable since the causality may in fact be
reversed. This argument is supported by the lower levels and statistical
significance of the income coefficients when either the number of girls
born (NGB) or, particularly, the number of girls home (NCH), is used as
a dependent variable.2

Nevertheless, the positive income effect can be established in
two ways: running regressions on households with children younger in
age than the specified productive ages, and observing the effect of
father's years of schooling. The estimated coefficients, which are
reported in table 4, are based on households where the eldest child

(home) is less than 11 for N.D., and households where tk= eldest child

]In a separate regression using only 65 households who reported
income from unskilled occupation, the positive income effect (total or
by sources) is established with considerably higher statistical
significance. This may indicate that the statistically insignificant
result noted is associated with this source of income and not its
recipients.

2In the case of NGH, there is an apparent serious bias in the
dependent variable, as mentioned in Chapter IX.
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Table 4

Regression Coefficient with NCB (for Ankodia)
and NCH (for N.D.) as Dependent Variables,
Including Only Families with Young Children

. Mother Father Occupation Number F
Dependent LN (Duratfon Income Mother's Yrs. Literate Literate Services Financtial of Children 2 (degrees
Equation  Vvillage Variable Constant of Marriage) of School (=1) (=1) (=1) Assets died R of Freedom)

1 Ankodia NCB -0.60932 1.25433 0.00009 0.10718  cacaa- -0.51831  -a-e- 0.00011 0.89503 -.62 4.0
(ECA™1ess (5.867) (1.389) (1.371) (-0.576) (1.005) (8.846) (6,12)
than 16)

2 Ankodia NCB -1.4556 1.60836 0.00016  °°°°°7 0.32928 -0.23561  ----- 0.00003 0.66194 .62 14.1
(PM™ " less (6.159) {1.402) (0.854) (-0.589) (0.277) (3.510) (6,52)
than 17)

3 N.D NCH -0.63742 1.24280 0,00008 ------ -0.3419 -0.11950 -0.52018 -0.00003 = -c-u-- .39 9.3
gﬂu\ lﬁs (5.755) (1.894) (-0.908) (-0.496) (-1.557) (-0.661) (6,87)

n

* Eldest child's age
** Parents married
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is less than 16,and where couples have been married less than 17 years
in Ankodia.1 The underlying assumption for these estimates is that
only children at home contribute to household income. The cases of
children away from home supporting their parents cannot be established
with the available data. The positive income effect is retained in all
the equations, although the absolute values of the coefficients and
their levels of statistical significance are lower.

"Father's years of schooling" is a common proxy for permanent
income. The education coefficient in equation 7 of table 3 is positive
and statistically significant at .93 level.? It reduces, as anticipated,
the effects of income from skilled occupations and, to a degree, income
from agriculture.

Some insight can be gained from relating the father's literacy
and sources of income--especially in an environment where schooling is
a rather distinct phenomenon, as in the village of N.D. The dichotomous
variable "literacy," which carries the grouping effects, has a
statistically significant negative effect on the NCH in N.D. (table 3),
but is omitted from the Ankodia equations because of statistical

insignificance unless all sources of income are aggregated, as in

1An attempt to estimate an equation for couples married less
than 12 years for N.D. produced insignificant results in statistical
terms. In fact, the only significant coefficient was that of income,
which was positive.

2The result can be established only with the Ankodia data where
most of the fathers (72.4 percent) are literate and the variable "years
of schooling" is rather continuous unlike the case of N.D.
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equation 8.1 This effect in the case of N.D. may indicate that children
(sons) of the literates vis-a-vis others' children have a higher pro-
pensity to leave home, and operates in addition to the apparent lower
fertility of literates as a group. The two phenomena indicate that
literates rely less on children as a means for old age security. Further-
more, the educated people in the villages, some being government paid
service workers, apparently have relatively stable incomes and available
pension programs. Hence, according to the model, they have a relatively
lower incentive to have children. This argument is also supported by
the negative coefficient of the "occupation services" (table 3)--a
variable representing people working in services including uneducated
persons (i.e., the school janitor‘).2 The mere existence of human capital
generally indicates a prolonged earnings capacity over one's life cycle,
compared with physical labor, and may stand for a relatively higher rate
of return on non-human capital.

Those with incomes from skilled occupations are more likely than
others to have a consumption motive in their fertility behavior. They
are less inclined to have children as substitutes for hired labor, and
as sources of future income. This may be the reason for the low marginal

effect of income from this source for N.D., and its insignificant effect,

The opposite effects of literacy versus years of schooling are
consistent, considering the apparent non-linear effect schooling. In
the regression only on households with 1iterate fathers, schooling tends
to have a U-shaped effect, but with relatively few observations at the
lower levels of schooling. Hence the positive effect is dominant as
schooling increases. Literacy has a smaller correlation with income
(.35 vs. .55 in this case--Ankodia), and has the effect of the grouping.
Father's schooling has no statistically significant effect in N.D.

2The simple correlation between the two variables in N.D. is
.23 and in Ankodia .05.
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in statistical terms, for Ankodia.!

The income coefficient may be biased upward when NCH is used as
a dependent variable because of the negative effect income may have on
mortality rates and possibly on migration of children. Two equations
tested the two possibilities. The first was an attempt to account for
the variation in child mortality rates (NCD/NCB) by income and parents’
education. The results were statistically insignificant, even when only
income was used in the equation.2 The second equation used as a dependent
variable the ratio of children home to those alive (NCH/NCA) as an index
of migration. In this case too, the income coefficient was statistically

insignificant.3

Evidence of the Income Effect in Less Developed Economies

The effect of income on fertility is controversial. Income may

produce a negative effect on fertility unless the estimated models are
specified to isolate a pure income effect. Many factors are positively
correlated with income, but have an adverse effect on fertility, especially
across countries and over time. Aggregate data from developing economies
indicate that the partial correlation between fertility and income is

positive and stronger in the underdeveloped ar'eas.4 Other evidence

1On the other hand, children also contribute less to family income
at younger ages.

2The simple correlation between income and NCD is .064.

3"Mother's age," as anticipated, accounts for almost all of the
explained variation, with a negative coefficient. This is another indication
of the bias in the dependent variable NCH.

4David M. Heer, Society and Population (New York: Prentice-Hall,
Inc., 1968) pp. 59-60. T:I. EEanem, “E Further Note on the Relation
Between Economic Development and Fertility" Demography, Vol. 9, No. 3
(August 1972),
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based on country-specific data from various developing economies supports,
at least implicitly, a positive income effect. But the results depend

on specification of the models. E. Driver concluded, based on Indian
data and controlling for the age of marriage, that there is no effect

of income on fert11ity.1 On the other hand, Rele analyzed caste
schedules, which account for variation in socio-economic status in general,
and reported lower fertility rates among lower income groups.2 Abu-
Loghud observed in Egypt higher rates of childlessness among women
married to unemployed men. A possible explanation of this observation
may be the positive income effect on ferti]ity.3 Y. Ben Porath and T.P.
Schultz reported from Israel and Egypt, respectively, that fertility

rates among Arab populations were inversely related to the percentages of
population employed in agricu]ture.4 Ben Porath offered a pure positive

income effect as a possible explanation.

]Driver, Differential Fertility in Central India, (Princeton,
N.J.: Princeton University Press, 1963), p. 96.

2
Rele, "Fertility Differentials in India."

3Janet Abu-Loghud, "The Emergence of Differential Fertility in
Urban Egypt." Milbank Memorial Fund Quarterly 43, no. 2. (April 1965):
235-253. Aiternative explanations: (a) lhey are supported by their
working wives. Women's labor force participation may have deterrent
effect on fertility. (b) They have sources of income other than from
their own labor, If these are permanent, the desire for children as
old age security is diminished.

48en Porath, "Fertility in Israel, An Economists' Interpretation:
Differentials and Trends 1950-70" in Charles A. Cooper and Sidney S.
Alexander (ed.), Economic Development and Population Growth in the Middle
East (New York: erican Elsvier, 1972), pp. 502-538. T. Paul Schultz,
"Fertility Patterns and their Determinants in the Arab Middle East," in

Economic Development and Population Growth, pp. 400-442.
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X. THE HOUSEHOLD'S LABOR SUPPLY AND THE PRICE OF CHILDREN

The discussion of the household's labor supply bears on three
interrelated issues: the shadow price of children, the ages at which
children start to contribute to the household's income, and the con-
tribution of elderly people to income.

The data do not provide information on the household members'
allocation of time among various economic activities. Further, it is
impossible to infer - unambiguously about family labor supply from a
household's level of income or from the number of members in each age
and sex category, because of problems in determining a clear cause and
effect relationship. In general, higher incomes may result from more
labor supply of any given number of potential workers. On the other
hand, higher income may induce a reduction of labor supply, primarily
of secondary workers: children, who attend more schooling, and females.
Because of the limited information, the forthcoming discussion is
based on the number of potential workers in the household.

Inference about the mother's allocation of time, and thereby
about the shadow price of children, is made from three variables: the
presence of additional adult relatives in the household, land holdings,
and mother's education. The last variable is discussed separately
because of the variety of possible effects it is believed to have on

fertility.
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Regression Coefficients with Incowme

Table 3

As s Dependent Varisble

¥o. of Daughters Male Relative
Father's Rducation No. of Sons by Age Group O Rolding 4
Valwe of Pather's (Father's Literste (Years o 26 And 2 Other a Trector a2 (degrees of
Bquation Village Constant Land Age An)z (=1) School) 11-15 16-25 Above 11-15 Age (Age) Assots (=1) fresdom)
1 Ankodia 937.288 80,830 —women 0.192 cmennn 37.876 ————ans 781.653 3661.577 m—nee meas 0.253 meve canma 0.73 9.3
(15.975) (0.785) (4.614) (2.770) (3.979) ( 1.396) ( 6,201)
2 W.D. 29%0.493 40.336 - 32,892 cmea- 796.064 —————— 1209.415 767,906 cm——— 483.748 77.105 -1.148 0.0180 3163.276 0.57 29.0’
(9.964) (- 1,79%) (1.998) (4.297)  (2.4%®) (1.628) (1.481) (-1.508) (0.140) (2.89) (10,218)
3 n.D. 4091.171 43.000 -~ 93.185 1.123 849.019 R mm————— veonmem ooas —mmmee 58.332 -0,869 0.029 3460. 806 .51 29.6
(10.0%9) (- 1.300) (1.418) (1.999) (1.072) (-1.092) (0.669) (3.030) ( 8,220)
4 Ankodis 3248.042 c—ane -201.289 3.169 —oee 685.096 R 1713.823 3839.161 —eesan ——enew 0.404
(- 1.484) (1.997) (6.438) (3.962) (2.905) ( 1.674) avmew ~eonen 0.38 1.8
(6,208)
H n.D. n26.728 ~mmee - 30.343 cemee 993. 685 cmemee 1503.500 728.772 ——enee 805.9%9 55.395 -0.689 0.199 6214.063 0.38 14.9
(- 1.379) (2.082) (4.418) (1.976) (2.275) (0.887) (~0.736) (4.625) (4.93%9) ,219)
[ nDp, 3455.405 vamne - 27.972 —acee 1803.84 —neoen 1587.240 1412.546 —evens 1175.684 3.797 0.139 ccase cnence 0.2 8.3
(- 1.1%) (3.498) (4.226)  (3.524) (2.999) (0.055) (0.137) (7,221)

Boter— Value of Land is given in unite of 1,000 Rupees.

"Other Assetes" include the value of livestock and farm implemsnts, other than a tractor.



An_Account of Variation in Household Income

The discussion is based on estimates of six equations, utilizing
income as the dependent variable (table 5).] The estimates suggest
that children--in particular sons--contribute to household income. The
results for Ankodia (equations 1 and 4) suggest that sons aged 16 and
over contribute to income and that the contribution is positively related
to age. Equations 2, 5, and 6 based on N.D. data suggest that children
aged 11 to 15, including girls 11 to 15, contribute to family income.
The coefficients in the equations for N.D. suggest that the children's
marginal contribution falls with age. This is very unlikely; so is the
relative size of the daughters' contribution to income. These particular
results can be attributed to the bias due to the positive income effect
on fertility, assuming that current income is positively correlated with
past income. However, the U-shaped income profile by father's age
(equation 3) can support the more realistic assertion that children's
contribution to income increases with age, even in N.D. The coefficients
of father's age in equations 2, 5, and 6 suggest that income falls with
age. This may be a cohort effect, but may also be the effect of the
decline in physical strength, a major determinant of income in an
agricultural setting, that is not offset by on-the-job training.

Equation 3 implies an upturn in the father's income profile after age

1The first three equations include value of land as a regressor.
The variable is omitted from the other three to test the stability of
the other coefficients, given the high correlations between the value
of land and income.
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41 that can be attributed to children's contribution to income.!

The contribution of other adult relatives to the household's
income was explored by selecting households with one adult male relative
and one adult female relative. Introducing the male relative's age and
age squared into the equation produced the best results. The coefficients
for N.D. (equations 2 and 3) suggest that male relatives contribute to
income only up to age 33. This relationship is not maintained when fvalue
of land" is omitted (equations 5 and 6). The coefficients for Ankodia
(equation 1 and 4) suggest that the marginal contribution increases with
the age of male relatives. This result may suggest a reversed cause-and-
effect relationship: families with higher incomes bring in more relatives.
Both interpretations, based on the findings, suggest that additional
relatives in the household, especially at old age, are supported by the
nuclear unit. According to the model, old male relatives should have a
negative income effect on fertility but a positive price effect. However,
unlike the introduction of female relatives in the fertility equations
(table 3), the introduction of males did not have any statistical effect

on fertility.

The Shadow Price of Mother's Time

Additional adult females in the household, when introduced in the

fertility equations (table 3), produce a positive effect on fertility in

1Introducing “father's age" cubed in equation 3 achieved some degree
of statistical significance, which may su?gest a rather irregular pattern.
The U-shaped income profile is apparent also in Ankodia when land is
omitted from the equation (4), even though children are included in the
equation. This can be attributed to the pattern of asset accumulation
(Chapter X11) and illustrates the general problems in these estimates--
the high correlations between assets and income and between the number
of children and father's age.
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both villages. Thirty-five households in N.D. and thirty-three in Ankodia
reported adult female relatives above age 50.] The estimated coefficients
indicate a positive effect of these females on fertility after age 65 in
N.D., the marginal effect increasing with age, and a positive effect after
age 54 in Ankodia. Given that the corresponding age means were 60 and 55
in the two villages respectively, a positive effect on fertility is
expected in both villages. Data on female labor force participation rates
from the Gujarat state, Kaira district (the one of Ankodia), indicate a
peak in participation between ages 40-44 (32.5 percent of the female
population in this category) and a relatively sharp decline thereafter.2
If the behavior in Ankodia and N.D. is consistent with this evidence, the
regression results are consistent with the hypothesis that the elderly
females reallocate time from market activities into household activities.
More females in the household other than the mother and daughter imply a
decrease in income per capita--if real income is held constant. This,
according to the model, has negative income and price effects on fertility.
These effects, however, can be offset if the additional females substitute
the mother in child rearing. The findings suggest that this, in fact,
may be the case.

The negative--though insignificant--coefficient of land holdings
in the fertility equation (table 3) may indicate that on larger farms

the marginal productivity of females' time is higher, and so is the shadow

1These pertain to the data that are used for the regression. Three
cases reported females below age 50. These were deleted because of the
“inflating" effect they had on the intercept term.

2Pravin Visaria, "Labor Force Participation by Age, Sex, and
Marita; Status, in India by states and Districts," (unpublished working
tables).
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price of children, ceteris paribus. This is based on the assumption that
the agricultural labor market is not competitive in villages of the size

of Ankodia and N.D.

The Effect of Mother's Education

Mothers' education is presumed to have a negative impact on
fertility because of the following behavioral effects:
(a) The price effect associated with an
increase in the relative productivity
of females' time in activities other
than child rearing.

(b) Better knowledge and practice of
contraception.

(c) Late marriage.]

The underlying assumption for the first effect is that females'
education is an investment commodity, or alternatively, that their market
wages correspond to the level of their education, and that child production
is intensive in mother's time. The statistical results indicate that
mother's literacy has no effect on the NCH in N.D. (tables 3 and 4) and
has a positive effect on the NCB in Ankodia, especially when income from
all sources is aggregated (table 3, equation 8). This can be a price
effect attributed to females' labor supply behavior,

A forthcoming chapter proves that higher income groups provide
more education for their children--including their daughters, who usually
marry husbands of corresponding income groups. Evidence from India shows

that labor force participation rates of women below levels of matriculation

1
In addition, there may be biases in reporting and changes in taste.
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decrease with education.] Hence, there is a dominant income effect on
females' labor supply, especially if their market wages in fact increase
with their education. The model suggests that the shadow price of children
changes in the same direction as female wages. However, if the reduction
in the labor supply moves into child production, it may reduce the shadow
price of children as the evidence seems to suggest. Alternatively, it may
imply that the children are "goods intensive."

The scattered statistical evidence from developing economies about
this variable is generally consistent with these findings. T.P. Schultz's
analysis of fertility behavior in rural Egypt found no differentials in
fertility among various educational classes.Z There was even an apparent
positive correlation between fertility and females'education. This finding
was supported by Rele using Indian data.3 Even in a multivariate analysis
with data from Taiwan, T.P. Schultz reported what seemed to be a paradox--
the lack of negative price effects of females' education on fertility.4
In his analysis with Egyptian data the negative effect appeared in
aggregate data that also included cities, where women apparently have
more opportunities. This result is supported by Abu-Loghud in an analysis

of data from Cairo, Egypt.5 The negative effect was related to the husband's

IVisaria, “Labor Force Participation by Age, Sex and Educational
Level in India," Journal of the University of Bombay, Vol. XL, 76
{October 1971 pp. 178-204.

2T.P. Schultz, "Fertility Patterns," pp. 425-431.
3Rele, "Fertility Differentials in India," p. 194,

4
and Time: 'R s250y P TafuBAan253Ene T BIrEn RYYE - ChaRTRT1 Y873 7PASe 238-274.

SAbu-Loghud, “Emergence of Differential Fertility."
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socio-economic class, which is apparently a better proxy for the wife's
market opportunities.

The other hypotheses related to female education tend to be
supported by the data, but do not modify the previous conclusions.

The relationship between family planning and mother's education can be
established for Ankodia only. The simple correlation between sterilization
and literacy of the mother is .275. This supports the hypothesis that

more educated females are more efficient users of contraception. This
implies that the education coefficients, which have been discussed, are
downward biased; namely that the positive education effect on fertility

via opportunity costs of children is higher than suggested before. How-
ever, this assertion is subject to the definition of "duration of marriage,"
which does not account for "sterile" years.

A downward bias may generally be associated with the fduration of
marriage® variable, considering the populations under investigation. Abu-
Loghud points out that it is likely that less fecund women marry later and
these women may be the ones who achieve higher educations. ! Thus, a
simultaneous relationship is involved. A sefious bias may be built into
any statistical evidence on the negative effect of education in under-
developed economies. Lower educated groups in developing areas may
exclude childless women and ones with lower child-bearing ability from
the population of married women. Herce, it is likely that any sample
of married women based on less educat:d populations tends to be biased

toward more fertility.

4£bu-Loghud, "Emergence of Differential Fertility."
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XI. SAVINGS AND ASSETS ACCUMULATION

Asset holdings--a product of accumulated savings--have a direct
bearing on the major hypothesis, that children are an alternative form
of savings. This relationship, however, is complex and must be considered
in a life cycle context, in which the parents are likely to modify their
asset holdings according to fertility outcomes, and according to their
reassessment of the likelihood of their children supporting them.

The data report the holdings of land, livestock, farm implements,
and so-called financial assets, which account for 5.3 percent of total
assets held in N.D. and 8.8 percent of the total held in Ankodia.]

One approach to test the hypothesis incorporates the two distinct
forms of holdings, land and financial assets, in the fertility equations.2
Financial assets are, according to the model, an alternative to children
as means of old age security. However, a negative estimated relationship
is consistent with regular savings behavior: larger families save less,

controlling for income. An alternative approach focuses on the pattern

of asset holdings over the parents' life cycle.

1The financial assets consist of: cash, gold and jewelry, insurance,
small bank deposits, small savings, loans and shares in local cooperatives.
The rate of return on assets in general, and financial assets in particular,
could not be identified in statistical terms. Attempts to compute an
implicit rate of return from a ratio 1ike income to value of assets or
from stated lending rates did not yield meaningful results. Financial
assets did not account for any variation in income, as was anticipated from
their composition.

2Debt was not subtracted because of the very partial information
regarding its structure. The data suggest that the borrowers themselves
were unclear about their indebtedness, particularly about the rates of interest
and form of repayment.
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Table 6

Regression Coefficients with Value of Financfal Assets
and Total Value of Assets as Dependent Variables

F
Dependent Father's (Father's Number of Children Home by Age Group , (degree of
Equation Village Vartable Constant Income Age Age)?2 0-10 11-15 16-25 26+ R freedom)
1 Ankodia Financial  4460.230  1.243 -405.997  6.164 - 101.797 -996.847  -1279.407  -6653.849 .50 29.7
Assets (12.646) (-1.882) (2.405) (-0.084) (-1.626)  (-2.118) (-3.298) (7,208)
2 N.D. Financial 3585:287 290 . 42,023  ece-- - 579,705 192.610 335.199 2596.210 .13 6.0
Assets (4.008) (-1.598) (-2.905) (0.572) (0.881) (1.518) (6,222)
3 Ankodia  Total -16048.357  8.320  251.093.  --eo- 2522, 14]2.589 -967.003  -23618.632 .73 85.7
Assets (19.795) % 0.995) ?-I.QM) 10.535) (-0.356) (-2.650) (6.187)
s N.D. Total -16469.501  10.427  341.0005  ~--n- - 357.322 -758.677  -3126.629  -18260.581 .49 35.47
Assets (13.278)  (1.202) (-0.167) (-0.210)  (-0.764)  (-0.992) (6,222)
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Holding of Financial Assets

The estimated coefficients of "financial assets" in the fertility
equations (table 3) are negative but statistically insignificant. From
equation 5, it is apparent that the statistical significance increases
when the number of boys born is used as a dependent variable. The same
seems to hold in N.D., especially for the more traditional asset-land
holdings. These findings are consistent with regular savings behavior,
and with the hypothesis that parents with more children, particularly sons,
staying home tend to dispose of their assets.

The estimates in table 6 attempt to account for lifetime variation
in asset holdings. The coefficients in the first equation suggest that
the more older children in the house, the lower the accumulated stock of
financial assets, ceteris paribus. However, it is conceivable that
consumption levels increase as children--sons--grow up and get married and
bring their wives into the househo]d.] The second equation, based on
data from N.D., provides poor estimates with limited statistical significance;
it suggests the opposite pattern. It indicates that small children tend
to cause a reduction in savings. However, given the interrelationships
among the variables, it is possible that older children in this particular
equation (2) account for part of the income effect on assets. It may also

account for an apparent cohort or life-cycle phenomenon. The coefficients

TThese equations are misspecified in the sense that current income
accounts for a stock of assets, which is a function of past Tncome flows.
This problem is apparently not serious on the assumption that most of the
variations in income are explained by such rather "permanent" factors as
land and education. More problematic may be the correlation between income
and children, especially older ones. The equationsin table 6 have been
estimated without income. The estimated coefficients are similar, as
expected, to the ones estimated for the income generating function (table
5), for the corresponding variables.
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of father's age in the first equation in table 6 indicate a U-shaped
pattern of holdings over the 1life cycle (or across cohorts). The second
equation, based on the data from N.D., indicates a decrease in holdings
as a function of father's age. But the positive effect of older children
in this equation may account for the reversal. By the same token, it is
conceivable that the father's age variable in the first equation may cause
an upturn in holdings because of a possible positive effect on savings by
older children. This particular explanation implies a reduction in
accumulation of financial assets as children grow up, and an upturn after
a certain stage. The upturn may imply a process of accumulation for and
by children around their ages of marriage. This assertion is also based
on the common Indian custom of the parents transferring assets to young
married couples.]
Equations 3 and 4 estimate the above functional relationship
using as a dependent variable the total value of land, financial assets,
and livestock. The introduction of the latter two in this variable makes
income account for more variation of the dependent variable. But this
actually stands for the effect of land and livestock on current income.
The effects of the other independent variables, however, are diminishing.
The relationship of substitution between value of assets and children is

maintained with limited or no statistical significance. The coefficients

of father's age reverse their signs but are statistically insignificant.

]The underlying economic reasons for this transfer may be of
interest. One hypothesis is that this is a way the parents form the
children's commitment. This may be a more efficient way to gain economic
suppert than selling these assets in the market. This explanation implies
a net inflow of assets like gold and jewelry into the traditional sector.
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These particular results may be a result of the reality of very few land

transactions among families.1

1This appears when land is used as a dependent variable. The simple
correlation between the age of the head of the household and the value of
land owned is 0.095 for N.D., and .204 for Ankodia, which is the more
developed village.
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XII. INVESTMENT IN CHILDREN'S HUMAN CAPITAL
AND THE DEMAND FOR CHILD SERVICES

The theoretical discussion assumed that the education and health
of a child are vehicles for the parents to increase the expected return
from him. It also assumed that the investment in his education is
determined by the technology the parents employ to produce it, and the
risk of loss that is associated with mortality rates, which can be
modified by investment in health. It is impossible to define an "educational
production function" with the data. Instead, the discussion concentrates
on explaining the variations in children's education relative to their environ-
ment. An inference about the investment in children's health is made from
information about child mortality; this also provides estimates of the
demand elasticities for surviving children.

The data provide the educational status of children in terms of
years of schooling. Schooling in both villages is irregular, as implied
by table 1. The reported grades for the children attending school do not
necessarily correspond to the children's particular ages. This presents
a problem of estimating the relative investment of parents who have an
eight-year-old child in the first grade versus the investment of parents

1

who have a six-year-old child in that same grade. Therefore, investment

in formal education has been defined in terms of the family's deviation

11nforma1 means of acquiring education, primarily reading and
writing in addition to "on-the-job training", are likely to be significant
in this environment.
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from the "expected" years of schooling the children are supposed to

have given their age and sex distributions, based on a regression estimate.
Only the data from Ankodia provide information regarding child

mortality, though without the ages and the sequence of the children's

deaths. As already indicated, an attempt to explain the variation in

the ratio of surviving children to children born (TCA/TCB) did not

produce statistically significant results. Hence, child health is

apparently an exogenous variable to the household.]

Definition of Investment in Schooling

The expected investment in schooling is based on the following
equation that utilizes, as observations, the group of children aged 5

to 15:

(yrs. of schl)ij =a, + e](AGE)ij + Bz(Sex)ij

+ 33(Sex X Age)ij + Uij

E(Uij) 0, (i = child, j = household),

where sex=1 for a boy. This equation tests the difference in the level

and marginal propsensity to send girls (G) to school as opposed to boys (B).2

41This argument is apparently common. See: S.P. Jain, "Some
Aspects of Mortality" in Population in India's Development 1947-2000,
Ashis Bose et.al. (ed.), as Publishing House, New Delh1, » pp. 319-333.

2This procedure is equivalent to a "chow test." See: Damudar
Gujarati, "The Use of Dummy Variables in Testing Equality Between Sets of
Coefficients in Two Linear Regressions: A Note,” The American Statistics,
February 1970, pp. 50-52.
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Using the estimated coefficients (table 7), the expected years of

schooling (SCH) of each child in each village can be written

(k = boy, girl),

and the household's total investment is

NC NB. NG.. . _NB ~ NG
Zscni = EaB + EaG + 8y EAGEL + BGZAGEM.
i=1 L=1 M=1 L=1 M=1

The investment per child is
MEC = ZSCHi

The difference between the actual average years of schooling for children
5-15 and MEC is defined as investment in education.]
The estimates in table 7 indicate that schooling in N.D. is very
irregular, particularly for girls. Even for boys the marginal propensity
to go to school, on the average, is only .295. The difference of this
figure from unity is due to cases of no schooling at all and of drop-outs.
Schooling in Ankedia is more regular, with marginal propensities to go

to school for girls and boys .506 and .712, respectively. These findings

1This is the average of the residuals for a particular household.
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Table 7

Regression Coefficients with Years of Schooling
of Children 5-15 as a Dependent Variable

F
Dependent Sex Interaction 2 (degrees
Village Variable Constant Age (Boy=1) (Age x Sex) R of Freedom)
Ankodia Years of -2.4711 0.5062 -1.3038 0.2060 .442 101.70
schooling (10.245) (-1.711) (2.836) (3,386)
N.D. Years of -0.1973 0.0449 -0.9934 0.2008 .186 40.41
schooling (1.369) (-2.319) (4.616) (3,529)
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are consistent with the differential between the villages in children's
contribution to income as previously discussed.

The discrimination between boys and girls in schooling is interesting.
It can be related to the Tower rate of return on investment in daughters as
a source of future income. First, their market opportunities are relatively
limited, and second, they leave thier parents upon marriage.

The coefficients in table 8 explain some of the variation in invest-
ment in schooling, as defined above. The results are consistent for the
two villages, although more variation is explained in the case of Ankodia.
Income, parents' education, and being service workers have positive effects
on investment per child. The positive income effect on education per child,
in addition to the previously stated positive income effect on fertility,
indicates that parents increase the demand for children and children's
education as a means to increase the expected return from children. It is
hard to establish whether parents decide a priori how much to invest per
child and make contingent fertility decisions, or whether they decide ex
post on education, based on their fertility experience. However, an effective
compulsory schooling system can make primany schooling exogenous (pre-
determined) to the parents' decisions. This is 1ikely to be the case for
service workers and educated people. As a result, they may lower the demand
for children, as indicated previously, to comply with the legal requirement
of schooling. It is apparent that in developing areas parents consider the
cost of compulsory schooling to be an economic burden.]

The estimated coefficient on child mortality rates (number of
children born/number of children died) is negative. Hence, these rates

have an adverse effect on investment in children's education, ceteris paribus.

1Heise1, “Fertility Limitation," and Caldwell, "Fertility Attitudes."
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Table 8

Regression Coefficients with "Investment in Schooling"
as a Dependent Variable

Father Mother Occupation
Dependent Literate Literate <ﬁo. Children Died)
Variable Constant Income (=1) (=1) No. Ever Born / of freedom)
s -0.91220 0.00008 0.53785 0.94605 -0.75146
Deviation
from expected (4.363) (2.340) (4.602) (-1.745)
value
Deviation -0.30588 0.00002 0.27727 0.76464
from expected (1.276) (2.048) (2.923)

value
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This effect is consistent with the model's prediction that an increase in
children's health status--probability to survive--will induce parents to

invest more in the children's education.

The Demand Elasticity for Child Services

The data on child mortality permit the computation of the demand
elasticity for child services, with some qualifications. The model predicts
that an exogenous increase in child mortality increases the relative price
of services from children and produces a negative price and wealth effect
on these services. The two cause a reduction in the demand for these
services, i.e., for survivors.

The fertility equation that utilitzes the Ankodia data is

NCB ag *+ By LN (Duration of Marriage)j

] M
+ By(NCD); + D Bz + Us.
i=3
Since NCB; = NCA; + NCD,
NCAj = ag+ 8y LN (Duration of Marriage)j
+ 1

M

i=3
(82-1) stands for the effect of child mortality on the number of surviving
children that, according to the model, is monotonically transformed into
anticipated or expected services from children. Hence, if (32-1) is
significantly different from zero (82 differs from unity), its sign as well

as its absolute value will indicate the demand elasticity for surviving

children. Based on the estimated coefficients in table 3, equation 1,

]Running the regression directly in this form reduces the R2 and
the F values, but does not affect the levels and statistical significance
of other coefficients.
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B] is less than unity and differs at a .99 level of significance from
this value, if B] is normally distributed. This result suggests that the
demand for survivors is negatively related to child mortality and the
demand is relatively inelastic.! The same holds for the demand for child
services.

The model and the empirical findings suggest that the parents
will invest less in children's education in an environment of higher risk
resulting from higher child mortality rates. However, a posteriori, parents
may have more resources per survivor as a result of child mortality. There-
fore, the model may predict a higher (negative) elasticity for child services
by less investment in children than the elasticity measured a posteriori.

Of some interest may be the differential effect of the "number
of girls died" on the number of girls born (equation 3, table 3) vis-a-vis
the effect in the case of boys (equation 2). The two coefficients (.97505
and .90168) do not differ in statistical terms. 2 However, the one for
boys differs fromunity at a .61 level of significance while the one for
girls differs from 1 at a .87 level. These coefficients indicate that the
demand for services (survivors) from boys is less elastic than that from
girls, i.e., daughters are less likely to be replaced than sons. This
conclusion is subject to the statistical qualifications mentioned above.
Yet it points toward a discrimination that is consistent with the relative
importance of a son's economic role versus a daughter's in supporting

their parents.

) 1{gewelgst;city around1the mean is ;0.0%72. .{brsgimilarufiq?}ggﬁ, \
Yee: Dona ., Snyder, " terpinants of Fami ze in West Africa,"
Dg;ograghx 1 (Nozember 5892?? c6?§-§5?. y ’

) 21t is likely that the coefficient for "number of girls died" is
biased upward relative to the one for boys, since the former variable is
1ikely to be relatively underreported by the parents.,
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XIII. CONCLUSIONS

This thesis explored one aspect of the economics of fertility
behavior in developing economies; namely, children are a means of old
age security for their parents.

The data source for the empirical analysis supports the basic
hypothesis that in traditionally agricultural communities the capital
market does not facilitate low cost temporal transfers of consumption.
As an alternative, the extended household is one common institution in
which intergenerational support manifests itself.

The empirical analysis, although subject to biases because of
data limitations and specifications of the estimation procedure, is
consistent with some of the basic assumptions postulated and the derived
hypotheses.

The income elasticity of children and their education, derived
from the demand for their services, is positive. The relationship is,
however, complicated to establish from cross-section data in an environ-
ment where children make a positive contribution to household income at
relatively young ages.

The evidence supports the hypothesis that parents whose old age
income is likely to be more secure tend to have fewer children, or at
least fewer adult children, living with them. The data suggest a negative
relationship between accumulation of financial assets (savings) and
children, who are regarded as a form of savings. It is impossible,
however, to establish unambiguously that parents trade off assets as more

children are born, or stay home because children are a ferm of savings.
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This requires more of a qualitative response by parents at the time of
each birth, based on the motive of disposing of their assets.

The demand elasticity for surviving children appears to be
inelastic, and implies that parents replace children who have died. This
may be an indication of a low demand elasticity for children's future
services.

On the production side, it appears that older females in the
extended household have a positive effect on fertility. The effect of
mother's education, in an environment where labor force participation
rates of females are inversely related to their level of education below
the matriculation stage, is similar. These findings suggest that children
are intensive in mother's time. The apparent negative effect of land
holding on fertility may also imply a higher shadow price for children
due to higher marginal productivity of mother's time.

Some of these conclusions are supported by similar findings of
others, but such evidence is scattered. The introduction to the second
part indicates that longitudinal household data pertaining to populations
at different levels of economic development are needed to estimate stable
coefficients, which will shed 1ight on the parameters which were discussed.
However, both in the theoretical as well as in the empirical analysis,
the problem of simultaneous relationships among variables remains to be
solved.

The basic empirical issue that remains to be studied in detail is
the relationship between savings and fertility, and the relative rate of
return on children. The complementary theoretical issue that requires
further investigation is the determination of children's economic commitment

to their old parents.
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Appendix A
The Demand Function

The demand function for children is derived by maximizing the utility

function,

subject to the full wealth constraint,

*

C,+Cm, -1, = 0. (2)

The first order conditions for a maximum are obtained by maximizing the

Lagrangian
*

where A<0 is the Lagrange multipler; and these are:

| -

m - U-I + A - 0’ (4)

oL *
= U,+amn, = 0, (5)

852 2 2

al  _ *

% - Ot I, -1, =0, (6)
= au =

where Uj 3C (3=1, 2)



The marginal rate of substitution in consumption at the optimum

is

Uy

U, 2

which can be substituted by
m o= (+r),
where r* > 0 is a market rate of return on assets.
By substituting in the first order conditions
> = TN'1 n;.
and

¢, = T(N, P, W) + Yo,

(7)

(8)

(9)

(10)

and by totally differentiating these conditions we obtain the following

system of simultaneous equations in a matrix form:

Un Ur2Ty 1
U (U, Ty = A TgTuaTu2)  myTy!
12 22TN NTNNTN NTN
1 Iy(1 = Ty 2TuuC.) 0
I N N TNNC2 1 1

dC]

dN

da

108
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i 0] [an}]
0 ~Hy,T, U2 my
- Ty S(UgoT, = A My T2)  -U 0 dg (1)
N 2278 N'Ng 22
-1.7Tc (T Ty Ve, - T.) -1 1 dv
|7 N 2 2V'Ng'N 2 T '8 2 2
I,

where g = P, W,

The exogenous variables are on the right hand side of the above set
of equations.
Two of the second order conditions for a maximum are a positive

determinant of the bordered Hessian matrix, D, on the left, and a posi-
tive third column - third row cofactor, 033, f.e.,

. -2 2
D33= Upp(UppTy = AMyTyy Ty ) =Up” Ty > 0s
which by reorganizing is
D= (UyalUyy = US) Ty = Uy A MyTynTy 2 > O (12)
33 1122 - Y2/ 'n n NINN'N .
D>0 and D33 > 0 when
(UyiUsy = U2) > 0 (13)
11Y%2 12
T < 0. (14)

NN
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(13) indicates that C] and C2 are normal goods and (14) indicates that
the intertemporal transformation function T is concave to the origin.
When either (13) or (14) holds, the other becomes only a sufficient
condition. The two conditions (13) and (14) are assumed to hold.
Hence 033>0, which implies D>0.

The second column cofactors of the left hand matrix are:

0, = 0¥ (@ > 0, (15)

Dy = (-1 (-1) < 0, (16)
and

Dy = (D% (U T -y, > o (17)

These are employed to derive the changes in the demand for children (N).
The effect of a change in any of the exogenous variables on the

demand for children is given by:

D D
N (7 N R
7 1 T e T B (18)
D
an _ P2 oo (19)
dr, D
N D12 D2 . D3 (20)

o, = Y2 V2T T <



m

dN D2 D,,

-2
T’ = Y2 Te o - (Ut myTyeTy ) 5

D
+ y(TygTy'CTy) 52 (21)

AW
o

2

D
(18) is the slutsky equation, where —5= 22 (<0) displays the substitution
D
effect and —%g (>0) the income effect, which is given by (19)--holding

YZ constant.
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Appendix.B
The Supply Function

The supply function for children is derived by minimizing the total cost

(income),

C;+my N = I], (1)
subject to the two production relationships

N = 6(2, S) (2)
and

€y = F(L, 2, K) - S, (3)
which contain the endowments constraints.

The first order conditions for a minimum are obtained by minimizing

the Lagrangian

M= c, + mN + 2 [6(2,5) - N] + 2, [F(L, 2, K)-5-G] (4)

where Ay and 1, are the Lagrange multipliers. These conditions are:

(5)

L]
—

)
>

"
o

aM
at}

(6)

o
e
"
=]
=
[
>
——
"
o
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G - MG -2 = 0 (7)
BT NG+ AF = 0 ()
5¥é = Fll, 2, K) -S-C = 0 (9)
g;a = G(z,8)-N = 0 (10)

conditions (5) and (6) state the shadow prices in the system. The shadow

price of children is:

F
M, = -~ == = 1, (1)
N & &

obtained by substituting (5) and (6) into (7) and (8).
Since F[L, 2, K] = X(L-2, K) -R(L, K), (12)
(13)

which stands for the loss in production of income from increasing the
allocation of female time into child production.
By substituting (5), (6) and (13) into (7)-(10), the system of

first order conditions is reduced to:

HNGz - X = o, (14)
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nNGS -1 = 0, (15)
G(z, s) -G = O, (16)
F(L, 2, k) - S -¢C = 0. (17)

1

When the mother (females) is (are) participating in the labor force, the

equation
Ty G, - W, =0 (18)
must be added.

By totally differentiating (14)-(17) we obtain the following

system of simultaneous equations in a matrix form:

—_ —
o [
0 HNGR£ + Xzz HN GSI G] dN
0 HN GSL HN GSS GS de
-1 G2 GS 0 ds
0 -X -1 0 dn
| L 4 LN
r— — p— ————
0 Xzz Xlk dC]
0 0 0 (19)
dL
0 0 0
-1 -F -F dK
| L k1
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The exogenous variables are on the right hand side of the above
equations.
The determinant of the bordered Hessian matrix is obtained by

expanding by the first column, i.e.,

MNGoo * Xpp MGy G
D = -[mG,, MGgs G
-Xl -1 0
(20)
= X | M\Gs, G, (MyGy, + Xp0) G
IINGss Gs IINGsz Gs
= X A — B,

where A and B stand for the corresponding determinants (above).
A>0 if Gss<0, and B<0 if X22<0 in addition to Gzz<o' These conditions
hold if the two production functions are linear and homogeneous.

By substituting (14) and (15) into (20), the latter is rewritten

o
[

(21)
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The inverse of the shadow price of children (the slope of the

production possibility curve between C] and N) is given by:

(22)
(GzA - GSB) 1
S - S = - < 0

where Di is the cofactor of the Aij element in the bordered Hessian

J
matrix in (19).
The change in shadow price (the curvature of the production

possibility curve) is given by:

[~ %
N
=

dn
L (23)

n I
o
—_ )

1
=
2N

- 1 1 2 2
- 2D [(HNGzz + xzz) MnGss = My~ Ggy ]

I 2 2
- 2D [ Ty (GpgSgs = Ggg") * Ty Xy Gss] >0,

2

since Gzz Gss - ng

two production functions are linear and homogeneous.

0, X£2<0, and GSS<O under the assumption that the

The change in the shadow price due to a change in J (J = K, L) is given
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by
dn D ' D
Tt Xy o (24)
Given that D,,<0 as indicated in (23), and D,,>0 as can be shown, each of
44 14

the two terms on the right has the following effect on the price of children:

A. when factor J increases the parent's
net income (FJ>0), the relative intensity
of S in G will increase (C]=C;1 causing an
increase in Tys ceteris paribus. The opposite

happens when (FJ<0).

B. when 2 and J are gross substitutes (X2J<O),
an increase in J will cause a reduction in
HN because of the opposite effect on G to
the one outlined in A, ceteris paribus.
The opposite happens when £ and J are

complementary factors (XLJ>0)’
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Appendix C
The Total Changes in Demand for Children

I. The total change in the demand for children, resulting from a change
in any of the exogenous variables, is a combination of wealth and price

effects and is summarized by:

dm
G Cd,d " A G

* *
(j =L, K, W, P, Y2: NL’ wk)' (1)

The first and second terms on the right hand stand for the two effects,
respectively. In terms of elasticities, indicating the sensitivity of

the changes, the price and wealth effects are:

Eng T Enp, M1 Nmy T (2)
where Eij is the elasticity of variable i with respect to variable j, and

"1, is the share of the variable in full wealth.
2

II. The income elasticity for children (ENIZ) is derived from the income
elasticity of consumption in T,. A change in full wealth (IZ) has the

following total effect on the demand for children:

T S (3)
T, 9@, @
_ @,

1
T 9
W
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The terms of the right stand for the increase in the demand for C2 and the

derived increase in N. In terms of elasticities the above is

E
Gl

E = . (4)
NI, Eczn

where E is the

is the income (wealth) elasticity of C, and E
C212 2 C2

elasticity of the transformation curve T.

[II. The determination of £, ; (3 = Ki L, W w:) is based on the

N
expression

1
n, = . (5)
N G'S

Differentiating (5) with respect to j,

N _ d (1 )
9
dj d3 G;
yields
=.-1 [ ds dz]
Ez- GSS 33' + GS!. a-j- . (6)
s
By substituting
ds |= Fde
o (7)
G =4



(6) becomes
dny = . 1 Gss F. o+ (Gsz G ) ) dz] (8)
dj G; G;_ J E;— 'G; & d.J°
J
which is in terms of elasticities
dn G F.j
= N L 3 - ss
E"N~'i RN [Gs -
G 2 .
1 '3 de ]
+ - e : 1 (9)
Ogg G L %J
G T
SS 1 de
R
[ G, "FJ o, 6t 2 %T
G G

S 2
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where o_, = T is the elasticity of substitution between S and £ in G,

SL
SL
and n., is the share of j in F_ and n,., is the share of 2 in G.
FJ s G

The total effect of a change in j is a combination in the price

and income effects as given by (2) combining (4) and (9).

IV. The determination of ENY is based on the expression
2

dc,  dc, dI (10)
@ A, 9@

From relationships

I, = C) + 10 (1)
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and

C2 = Y2 + T(W, N, P), (12)
follows

dI, = MdVp; (13)
when

dn2 = 0.

The substitution of (10) in (13) yields

9 5 ”
av, ~ a1, "2 (14)

The substitution of

11 = const.

in (10) yields
T ]
dv, dr,

Y I,C
By multiplying (5) by (ﬁgé and thl- we get the elasticity of N with
1°2

respect to Y2:



122

a Yo % h b LY

372 N 31'; f.'_ T, Ty N
. e G LY
GI, ;W T,

I Y

1 2'2
- - By Gy - 1)

I, TN T (16)

1 . 1 . 1
nEN' nﬁN
which follows from
I] = C] + nNN

in (16). Hence, the relative change in the demand for children is

I.I II2Y2 dY2

. 17
L I, , (17)

(-
c,I, Ty

V. The determination ENJ (j = P, W) is based on the expression

2 (18)



By substituting

dC]
| M (19)
I'l = const.
into (18) we obtain
dC dl
dN 1 2 1
= - e 20
@ C) P (20)

From the definition of I, (=n2C2+C1) follows:

dl dcC dn
2 . o %2, o T2
- 2 4 2 4
dc, dn, dn,,

=II23-]T2-G—+ 0233—

ac, dn,
= (m, am, * G @
n,

= (E +1) C
C,m, 2 4

dn,
(1-|Ec2n2|) C, § (21)

Since the elasticity of C, with respect to the price n, (E ) is
2 2 C,om,

presumed negative.

Substituting (21) into (20) yields

an “

123
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I
which by multiplying ﬁ-and ﬁ!' becomes
N
dC C, dn i}
N ] 2 M 3 Ny
= - (-1 . ) = . (23)
33'& ar, o, T & m N
(23) can be expressed by
dc c dn N
- 1 2 5 4 Ty
E = - (1-|E ) =— ==
Ng T, G, iy G T, T
dc, I, C
.12 e e, G
Eﬂ; t]_ T C2H2 sz T;N’ (24)
since oy = 1, TN'
By reorganizing
&G &G &G Iy
LW T Ty
C,n, C )i
|l & : _ My
=T gy (Sineelp = p)
2 N N
C,I I
- _1_222 (F:;N - 1), (25)
and by substituting it in (24) we get:
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C.I I )
dN 22 1

&N . ¢ (-1E. . | E. . ( -1 4
N 41, €My mi T, ' W J

I C.1 .
1 2T
E 1 - 1-1E. .~ ]) E . 4,
61, ( HNN) (-1 c2“2l I, "8 3§

which is the relative change in the demand for children because of a

relative change in either P or W.



Appendix D
Changes in the Expected Value and Variance of C,

The expected value of C2 and its variance are given respectively by:

and

1.

II.

E(Cz) = WPN + Y2

VAR (CZ)

The effect on (1) and (2) of a change in N is given by:

dE(Cz)
N

dVAR(C,)
dN

The effect on (1) and (2) of a change in W is given by:

dE(C,)
o

dVAR(CZ)
T—_w =

WENP(1-P).

WP

wep(1-p) >

PN

2WNP(1-P)

>

(P=Py=P, , i#])

0.

0,

0

(2)

(3)

(4)

(5)

(6)
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III. The effect on (1) and (2) of a change in P is given by:

dEC2
T = WN > 0, (7)
> 0 P < 0.5
dVARC2 2
= W°N(1-2P) = 0 if P =0.5 (8)
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Appendix E

Distribution of Households Excluded from the
Analysis by Reason of Exclusion and Village

Village
Reason N.D. Ankodia
(a) No children are reported living in the household 16 *
(b) Gap between age of eldest child and duration of
marriage exceed 15_ _ _ _ _ _ _ _ _ _ _ _ __._ 13 *
(c) More than one family of the same age group share
the same household_ _ _ _ _ _ _ . _._ . _ . _._ 15 34
(d) Widows and widowers _ _ _ _ _ _ . . _ _ _ _ .. 9 25
(e) Singles(éot marrie&) ______________ 3 5
(f) Missing and inconsistert data _ _ _ _ _ _ _ _ _ 6 10
62 74




Included Vartables:

Variable Name

of children home
of sons home

of girls home
of children born
of children died
of sons born

of sons died

Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Income

of daughters

born

of daughters dted

of sons ages
of sons ages
of sons ages

0-10
11-15
16-25

of sons ages 26

of daughters

ages 0-10

of daughters aged 11-15
of daughters ages 16-25
of daughters ages 26

(in rupees)

Income from agriculture

Income from skilled occupations
Income from unskilled occupations
Value of land (in rupees)
Financial assets (in rupees)
Other females in households

Other males 1n households

Age of other females

Age of other males

Occupation services

Father

literate

Father's years of schooling

Mother

1iterate

Mother's years of schooling
LN (Duration of marriage)
Mother's age of marriage
+ Father's years of schooling
+ Mother's years of schooling
+ Age of other females

+ Age of other males

* ynavatflable.
+ Mean and Standard Deviation of the group with positive values.
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ANKODIA
Nean ~Std. Dev.
2.9467 1.8363
1.6844 1.2475
1.2622 1.1981
5.1822 2.6756
1.6000 1.6664
2.7022 1.6996
0.7956 1.0786
2.4 1.7754
0.8044 1.0844
0.7467 0.7751
0.4267 0.6305
0.4578 0.7788
0.0533 0.2442
0.7378 0.9343
0.3778 0.6711
0.1378 0.4049
0.0089 0.0941
4,177.6222 5,509.1337
2,511.1200 5,017.7562
824.3422 2,262.7844
588, 3867 773.8887
21,412.5022  46,394.8222
2,143.11M 9,338.1068
0.1467 0.3546
0.11M 0.3150
8.1422 20.6386
5.5156 17.5886
0.1546 .3615
0.7244 0.4478
7.6356 19.9616
0.4533 0.4989
1.7689 2.4238
2.9078 0.6929
13.1911 6.8975
4.7580 5.9210
3.9020 2.1503
55,5152 16.4186
49,6400 24.6118

Appendix F
Means and Standard Deviations
NAURANGDESHAR
Mean  Std. Dev.
3.8341 1.9327
2.2096 1.4179
1.6245 1.2699
* *
* *
* *
* *
* *
* *
1.3624 1.0449
0.4454 0.6707
0.3755 0.6999
0.0262 0.1601
1.1703 1.0930
0.3799 0.6419
0.0742 0.2789
0.0000 0.0000
4,797.6157 4,042,1934
3,527.6725 4,266,3657
534.7336 1,424_6527
569,8297 1,038.5329
38,432.1000 56,028.0000
2,302.9083  4,236.9698
0.1659 0.3728
0.1266 0.3333
10.0218 22.9288
7.3668 20,4955
0.0611 0.2401
0.3450 0.4764
1.6550 3.0635
0.0611 0.2401
0.2402 1.0169
2.7382 0.7041
14.7817 4.1544
4,7975 3.4876
3.9286 1.5915
60.3949 10.7315
58.1724 18,9606
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Appendix G

The Income Variable and Sources of Income

I. The Income Variable

The income variable that has been used in the statistical
analysis measures the value of receipts, in money and kind, by the
household--net of related expenditures (seeds, rentals, etc.)--during
the year of the survey.

Two alternative measures to the above had been experimented:

A. Income, as defined, less the net value of

sale of assets, livestock in particular.

B. Income, as in A, plus the value of production

reported as retained for own consumption.

The changes in the results using A and B were negligible
because of the high correlations among the three measures. The simple
correlations between the variable used and alternative A and alternative
B are .93 and .95, Thus, they were almost identical for statistical
purposes.

The variable used has been preferred on a priori grounds. Sale
of livestock is a common source of income in an agricultural economy,
and the net gain should be viewed as part of income. Inclusion of
retained production in the income variable must be accompanied by"
deducting the value of unpurchased inputs. Since measuring retained
production and unpurchased inputs may have relatively large error

components, it has been assumed that both cancel out. Omission of
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retained output from the income variable may mean omitting a form of
savings. But this form is, apparently, not related to long run accumu-

lation of assets, but a form of turnover capital.

II. Source of Income

1. Agriculture:
Cultivation of own land
Dairy

2. Unskilled Occupations:
Agricultural labor
Share cropping/rent of land

3. Skilled Occupations:
Pottery
Carpentry
Masonary
Watch making
Tailoring
Tanning
Flour mill
Barber
Sweepers

Drum beater

Cook

Merchants

School teacher )

Factory workers* ) Service workers

Sweepers/Jenitors )
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Office clerks )
Service workers
Shop assistants
Other sources include income from rentals of land farm implements

and Bullocks as well as sale of assets.

*Particular to Ankodia.
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