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and women are sorted. This sorting combines the various maxima, and
it need not be the same as the sorting that maximizes aggregate output.
In the example provided by matrix (4.7), combining the maxima sorts
M, with F, and M, with F,, whereas maximizing aggregate output sorts
M, with F; and M, with F,. Yet these sortings are the same in perhaps
the most important instances, which means that the sum of the maxima
equals the maximum of the sums in those instances.

If men and women were numbered from lowest to highest values of CHAPTER 5
their traits, and if an increase in each trait always increased output,
then Z, is obviously the output of My with Fy, Z, is that of My_, with

Fy_y, and Zy that of M, with F,. Consequently, combining the various
maxima implies perfect positive assortative mating when traits have I he Demand

for Children

from Gary Becker, A Treatise on the Family, Enlarged Edition, 1991.

Chapters 2 to 4 have argued that the main purpose of marriage and fam-
ilies is the production and rearing of own children, but they have not
considered explicitly the demand for children. This chapter uses the
price of children and real income to explain, among other things, why
rural fertility has traditionally exceeded urban fertility, why a rise in
the wage rate of working women reduces their fertility, why various
government programs (such as aid to mothers with dependent children)
have significantly affected the demand for children, and why families
with higher incomes have had more children, except during the past
150 years in Western and developing countries.

The analysis is then extended to consider the interaction between
quantity and quality of children, probably the major contribution of the
economic analysis of fertility. This interaction explains why the quan-
tity of children often changes rapidly over time even though there are
no close substitutes for children and the income elasticity of quantity is
not large. The interaction between quantity and quality also explains
why education per child tends to be lower in families having more chil-
dren, why rural fertility has approached and may even be less than
urban fertility in advanced countries. and why blacks in the United
States have had relatively many children and invested relatively little
in each child.
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Price and Income Effects

The most famous and influential theory of population change is that of
Malthus, who assumed that populations grow at a rapid rate unless
checked by limited supplies of food and other “‘subsistence’’ goods.
When incomes fall because the growth in population exceeds the
growth in subsistence goods, marriages are delayed, the frequency of
coition within marriage is reduced, and fewer children survive to
adulthood. The first two faciors are “‘morai resiraints’’ and the last
produces ‘‘misery’’ (Malthus, 1933, bk. I, chap. II). Moral restraint
would be the main check on excessive population growth if the demand
for births had a high income elasticity, whereas misery would be the
main check if the number of births were insensitive to income.

Darwin stated® that the Malthusian theory greatly influenced his own
theory of evolution by natural selection, which brilliantly extends
Malthus in the following way. The children of fertile parents will con-
stitute a larger fraction of their own generation than their parents do of
the earlier generation. The grandchildren and subsequent descendants
of fertile parents will constitute a still larger fraction of their own gener-
ations if fertility is strongly *‘inherited’’ from parents, because the chil-
dren of fertile parents would then also be fertile. It follows from
Darwin's argument —that is, from natural selection—that populations
tend to become dominated by the highly fertile.

Although the Darwinian theory is highly relevant to nonhuman popu-
lations, it appears less applicable to human populations. Most families
have controlled their fertility and have had fewer children than their
capacities permit. For example, seventeenth-century Italian village
women marrying at age twenty-five averaged only six children,
whereas their biological capacity probably exceeded eight children

“(Livi-Bacci, 1977, table 1.2). Even the Malthusian theory of a highly

1. Darwin (1958, pp. 42-43) wrote:

In October 1838, that is, fifteen months after I had begun my systematic
enquiry. | happened to read for amusement Malthus on Population, and
being well prepared to appreciate the struggle for existence which every-
where goes on from long-continued observation of the habits of animals
and plants, it at once struck me that under these circumstances fa-
vourable variations would tend to be preserved and unfavourable ones to
be destroyed. The result of this would be the formation of new species.
Here. then. I had at last got a theory by which to work.

Alfred R. Wallace (1905, p. 361), codiscoverer of the theory of natural selec-
tion. also stated that he was influenced by Malthus.
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elastic demand for children is unable to explain the large decline in
Western countries during the last hundred years in the average number
of children per family as family incomes rose dramatically.

However. any discrepancy between these and related facts and the
Malthusian or Darwinian theories is not so apparent if the number of
children is distinguished from parental expenditures on each child. A
reduction in the number of children born to a couple can increase the
representation of their children in the next generation if this enables the
couple to invest sufficiently more in the education, training, and
““attractiveness’’ of each child to increase markedly their probability of
survival to reproductive ages and the reproduction of each survivor.
Therefore, these theories can be combined and generalized by assum-
ing that each family maximizes a utility function of the quantity of chil-
dren, n; the expenditure on each child, called the quality of children, g;
and the quantities of other commodities:

U=Un,q, 2y, .. .,Zn. 5.H

The Malthusian theory ignores quality and assumes that the demand
for births (or number of children) is highly responsive to changes in in-
come (hence, the demand for other commodities may be negatively re-
lated to income). The Darwinian theory, on the other hand, ignores
these other commodities and assumes that quantity and quality are
chosen to maximize the number of descendants in subsequent genera-
tions. The analysis developed in this and the next two chapters com-
bines aspects of both these theories into a more general one. To be
sure, the Darwinian theory is highly relevant to nonhuman species and,
modified to include cultural selection, may also be relevant to some
primitive human societies (see the argument in Blurton Jones and
Sibly, 1978), while the Malthusian theory can explain changes in
human populations during much of recorded history. However, the
analysis developed here is far more suited to explaining fertility
changes in Western countries during the last few centuries and in
developing countries during this century.

The various other commodities will be combined into a single ag-
gregate commodity. Z, because there are no good substitutes for chil-
dren. Although the interaction between quantity and quality is a major
theme of this chapter, the demand for children is first discussed by ig-
noring their quality. The utility function in Eq. (5.1) then becomes

U= Umnd. (5.2)

e



138 | A Treatise on the Family

To simplify the analysis without a great loss in relevance, the utility
functions in Egs. (5.1) and (5.2) and the discussion throughout this
chapter ignore life-cycle changes in the ages of children and in the
timing and spacing of births.

Children are usually not purchased but are self-produced by each
family, using market goods and services and the own time of parents,
especially of mothers. Since the cost of own time and household pro-
duction functions differs among families, ihe total cost of producing
and rearing children also differs. If this cost is denoted by p, and the
cost of Z by ir,, the budget constraint of a family equals

paun + mZ =1, (5.3)

where I is full income. Given p,, ., and I, the optimal quantities of n
and Z are determined by the budget constraint and the usual marginal
utility condition:

o U _ MUy _ps
an/ 9Z ~ MU, =,

5.9

The demand for children would depend on the relative price of chil-
dren and full income. An increase in the relative price of children, in p,
relative to 7, reduces the demand for children and increases the de-
mand for other commodities (if real income is held constant). The rela-
tive price of children is affected by many variables, some unique to
children, and several of the more important are now considered.

The evidence over hundreds of years indicates that farm families
have been larger than urban families. For example, the average house-
hold in the city of Florence was about 20 percent smaller in 1427 than
the average household in the surrounding countryside (Herlihy, 1977,
' table 2); the number of live births per 1,000 women aged 15-49 was
about 45 percent higher in small than in large Italian comuni in 1901
(Livi-Bacci, 1977, table 3.8); and in 1800 the reproduction rate in rural
areas of the United States was about one and one-half times that in
urban areas (Jaffe. 1940, p. 410). Part of the explanation is that food
and housing, important inputs in the rearing of children, have been
cheaper on farms.

The net cost of children is reduced if they contribute to family in-
come by performing household chores, working in the family business,
or working in the marketplace. Then an increase in the ‘‘earning’” po-
tential of children would increase the demand for children. Indeed. 1
believe that farm families have had more children mainly because chil-

*
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dren have been considerably more productive on farms than in cities.
For example, children in rural India and Brazil begin to contribute to
farm work by age five or six and are sizable contributors by age
twelve .2

The contribution of farm children has declined as agriculture has be-
come more mechanized and complex in the course of economic devel-
opment. Both of these elements have encouraged farm families to ex-

tand thair rhildran’ h 1 3 Q.
tend their children’s schosling.? Since rural schools arc too small to be

efficient, and since the cost in time and transportation of attending
school is greater to farm children (Kenny, 1977, p. 32), the cost advan-
tage of raising children on farms has narrowed, and possibly has been
reversed, as farm children have increased the time they spend in
school. Not surprisingly, therefore, urban-rural fertility differentials
have narrowed greatly in developed countries during this century and
rural fertility is now slightly less than urban fertility in some countries.
(See the evidence for the United States, Italy, Japan, and Taiwan
respectively in Gardner, 1973; Livi-Bacci, 1977; Hashimoto, 1974; and
Schultz, 1973.)

Programs providing aid to mothers with dependent children have re-
duced the cost of children; aid increases as the number of children in-
creases, and the decline in the labor force participation of mothers in-
duced by these programs (Honig, 1974) reduces the opportunity cost of
time spent on children. Since mothers without mates have more readily
qualified for aid, the growth of these programs in recent years has con-
tributed heavily to the sharp growth in the ratio of illegitimate to legiti-
mate birth rates since the 1960s. The illegitimate birth rate has re-
mained constant® (while the legitimate rate has fallen substantially),

2. See Makhija (1978); Singh et al. (1978). Adam Smith said about colonial
America, “*Labour is there so well rewarded that a numerous family of chil-
dren, instead of being a burthen is a source of opulence and prosperity to the
parents. The labour of each child, before it can leave their house, is computed
to be worth a hundred pounds clear gain to them’* (1937, pp. 70-71). For a re-
cent study of the contribution of farm children in the United States, see Ro-
senzweig (1977).

3. _The substitution between schooling and farm work in rural India and in
Brazil is analyzed by Makhija (1978) and Singh et al. (1978). Compulsory-
schooling laws may also have contributed to the increased school enrollments
of farm children (but see Landes and Solmon, 1972).

4. For example, in California in 1966 and 1974 the illegitimate birth rate per
1.000 unmarried women aged 15-44 was 18 and 19 respectively for white
women, and 69 and 66 for black women (Berkov and Sklar, 1976).
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even though abortions have become more accessible and birth control
techniques have improved.

The relative cost of children is significantly affected by changes in
the value of the time of married women, because the cost of the
mother’s time is a major part of the total cost of producing and rearing
children (it contributes about two-thirds of the total cost in the United
States; see Espenshade, 1977). Indeed, I believe that the growth in the

earning power of women during the last hundred vears in developed
countries is a major cause of both the large increase in labor force par-
ticipation of married women and the large decline in fertility. Since
fathers have spent relatively little time on children, the growth in their
earning power has not significantly affected the cost of children and in
fact would have reduced the relative cost if children used relatively less
time of fathers than other commodities used.

Household surveys provide direct evidence on the relation between
the demand for children and the value of time of husbands and wives.
The number of children is strongly negatively related to the wage rate
or other measures of the value of time of wives, and is more often posi-
tively rather than negatively related to the wage rate or earnings of hus-
bands (see, for example, Mincer, 1963; De Tray, 1973; Willis, 1973;
and Ben-Porath, 1973). Part of the causation, however, is from children
to wage rates, because women invest less in market skills and more in
household skills and men do the reverse when families have more chil-
dren. However, there does appear to be significant causation from the
value of time of wives to their demand for children (Lazear, 1972).

Apparently households have preferred their own children to those
available from others, for practically all households choose to have
their own. The explanation may be that humans and other species are
biologically selected to propagate their own genes (Wilson, 1975).
However, Chapter 2 develops several reasons why persons prefer their
own children even when cultural as well as genetic factors influence the
demand for children. One reason is that own children can reduce the
uncertainty of parents, who have more information about the genetic
constitutions and early environmental experiences of their own chil-
dren than of those obtainable from others.

On the other hand, parents have less prior information about the sex.
color, physical condition, and other noticeable characteristics of chil-
dren they self-produce than of those that could be seen in a “child
market.” Yet the scope of such a market would be limited because
parents would be more likely to put their inferior rather than their supe-
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rior children up for sale or adoption if buyers were not readily able to
determine quality. (See Akerlof, 1970, for a discussion of the market
for ‘‘lemons.’")

Reliance on own children implies that some families might not be
able to satisfy their demand for children because they are wholly or
partially sterile, and that other families would exceed their demands
because they are too fertile. In this statement, ‘‘demand’’ means the
number of children desired when there are no obstacles to the produc-
tion or prevention of children. Husbands with sterile wives have ter-
minated their marriages or have married additional wives in societies
permitting polygyny, and some women have had more children than
they desired or had them at inopportune times.

But have major changes in average fertility been caused by changes
in sterility and in knowledge of birth control methods? Although I once
gave an affirmative answer (Becker, 1960), I now believe that the major
changes have been caused primarily by other changes in the demand
for children. The various forces discussed in this chapter appear suffi-
cient to explain major declines in fertility, and simple and sufficiently
effective birth control methods have been available to produce these
declines.

To demonstrate the effectiveness of simple methods, consider the
basic relation between the average number of live births (n), the period
of vulnerability or ‘*exposure’’ to births (E), the average time required
to produce a conception resulting in a live birth (C), and the average
period of sterility during and after the production of a live birth (S):

n=E/(C+S5), (5.5

where C + S is the average duration between live births. Since Cis a
fwaltmg time™" to conception, it depends on the probability of concep-
tion during any coition (p) and the frequency of coition (f):*

C = 1/(fp). (5.6)

Women marrying at age twenty and not using any birth control
methods average about eleven live births (see the evidence for the Hut-
terites in Eaton and Mayer, 1953, p. 233). Since they would be fertile
pntil an average age of about forty-four, or for 288 months, the average
interval between live births is 26 months. The number of births could

—_—

‘ 5 _See Becker (1956) for an earfy derivation of this formula: an extensive dis-
Cussion may be found in Sheps and Menken (1973).
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be reduced by almost 25 percent without mechanical methods of birth
control simply by delaying marriage (and coition) for 3 years, reducing
the frequency of coition during marriage by 10 percent, and extending
breast feeding for 3 months. Moreover, the number could be reduced
much further by coitus interruptus, a birth control method known even
in many primitive societies.®

Perhaps Malthus considered changes in age at marriage to be a major
method of birth coniroi because ii is much more eiieciive illan equai
percentage changes in the frequency of coition during marriage when
birth rates are as high as they were in the eighteenth century. For ex-
ample, if women married at age twenty and produced eleven births, a
10-percent increase in age at marriage, which is about a 9-percent de-
crease in exposure to births, would reduce the number of births by al-
most three times as much as a 10-percent decrease in coital frequency.
On the other hand, if women marrying at age twenty produced only
two births because of effective birth control methods, a decrease in
coital frequency would have almost as large an effect as an equal per-
centage increase in age at marriage.’

Prior to the nineteenth century, even in advanced countries no more
than about half of all live births survived to age ten. Therefore modest
changes in age at marriage, frequency of coition, and breast
feeding—combined with coitus interruptus-—would have reduced the

6. From Eq. (5.5) and the observation of about 11 births in 288 months’ ex-
posure. we infer C + § = 26 months. If S. infertility during and after preg-
nancy, is about 17 months (Menken and Bongaarts. 1978). then C is about 9
months. A 10-percent reduction in f would raise C by 10 percent to about 10
months. and a 3-month extension of breast feeding would extend S by about 2
months. Then C + § would be increased from 26 to 29 months. If, in addition.

' marriage is delayed to age twenty-three, E is reduced to 252 months. So n =
252/29 = 8.7.

Coitus interruptus reduces the probability of conception by more than 90
percent (Michael. 1973). If used during half the coitions,

1 1

. =2 (—)=2C=18
(0.9 {0.9/) ( j )
N, 0.1p ) fp

2 2

"=

Then n” = 252/(18 + 20) = 6.6. )

7. An increase in age at marriage from twenty to twenty-two—a decrease in
E from 288 to 264 —always reduces n by 8.3 percent if C + Sis unaffected by
the decrease in E. The effect of a decrease in f. however, depends on the ratio
of Cto S. If, say. S = 17and C = 9 (n = 11), a 10-percent decrease in f e
duces n by only 3 percent., whereas if S = 17and C = 127(n = 2),a 10-percent
decrease in f reduces n by 8 percent.

-
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average number of surviving children to only three or less. However
without significant declines in the number of births per family, the;
number of survivors would have greatly increased during the nine-
teenth and twentieth centuries owing to the dramatic increase in the
probability of surviving to age ten. Surely improvements in older
methods of birth control, such as the diaphragm (Himes, 1963, pp. 321

391), and the development of new methods, such as the pill, permilte(i
biﬁh§ to deciine sharply during the iast 150 years even though age at
marriage also declined and frequency of coition may have increased.®
But I believe that these improvements in birth control methods are
mainly an induced response to other decreases in the demand for chil-
dren rather than an important cause of the decreased demand.

Evidence that more effective birth control methods are not sufficient
to reduce fertility is provided by societies that have maintained high
levels of fertility even when they have had the means to reduce their
fertility substantially. For example, the ruling families of Europe
averaged more than 5.5 births from the beginning of the sixteenth to the
end of the eighteenth centuries (Peller, 1965, p. 90), although they
c.ould have had considerably fewer births with methods known at that
time (Himes, 1963, chap. 8) and presumably available to these families.
Or poor Indian families stubbornly maintain their fertility levels until
economic and other conditions change (Makhija, 1977, 1980), despite
the resources spent to encourage —and even force!-—them to use ef-
fective methods of control.

Moreover, many societies managed large reductions in their fertility
long before modern methods of birth control were developed. More
than. .two thousand years ago the Greeks and Romans had very small
famll'les through delayed marriage, infanticide, reduced coition during
marriage, abortion, primitive contraceptives, and nonproductive
modes of sex (Wilkinson, 1978). The Jews in Florence and Leghorn re-
duceq t.heir birth rates by 50 percent between 1670 and 1840 only partly
by raising their average age at marriage (Livi-Bacci, 1977, pp. 40-44).
These Jews can hardly be said to have had access to the best informa-
tion on contraception, since they were forced to live in ghettos and
Vf/ere”excluded from many schools. Even the ‘‘contraceptive revolu-
tion,™ to use the term of Westoff and Ryder (1977), ushered in by the

B

8. - . . . .

enCRehz;blevh.xstoincal ewdepce obviously is lacking, but apparently the fre-

o Y of coition .mcreased in the United States during the 1960s. whereas
rates fell rapidly (Westoff, 1974). ‘ ‘

qu
bi
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pill has probably not been a major cause of the sharp drop in fertility in
recent decades. The decline began in the 1950s in countries like the
United States and Japan, although the pill is illegal in Japan and was
not extensively used in the United States until the 1960s. Moreover,
women in the United States born between 1900 and 1910 had quite
small families without the pill by using other contraceptives, ab-
stinence, and induced abortions (Dawson et al., 1980).

The demand for children is affected not only by the price of children
but also by real income. An increase in real income generally increases
the demand for different commodities, and some of the evidence
proves the relation between children and income to be no exception. In
polygynous societies wealthier men tend to have many more children,
chiefly because they are far more likely to be polygynous than poor
men (Grossbard, 1978). Wealthier men also tended to have more chil-
dren in monogamous societies prior to the nineteenth century; see the
data relating wealth to children in fifteenth-century Tuscany (Klapisch,
1972, table 10.2; Herlihy, 1977, pp. 147-149) and in other parts of Italy
during the fifteenth and eighteenth centuries (Livi-Bacci, 1977, tables
6.1 to 6.4). This positive relation between wealth and fertility in
monogamous societies generally continued in rural communities
throughout the nineteenth century; see the evidence for Canada in 1861
(MclInnis, 1977, table 5), for the United States in 1865 (Bash, 1955, es-
pecially table 12), and for Germany in the late nineteenth and early
twentieth centuries (Knodel, 1974, table 3.13).

Sometime during the nineteenth century, however, fertility and
wealth became partially or wholly negatively related among urban fam-
ilies; evidence for German cities around 1900 can be found in Knodel,
1974, tables 3.14 and 3.15. The evidence for advanced countries during
the twentieth century has been rather mixed, although income and fer-

. tility have generally been negatively related at lower income levels and
unrelated or positively related at upper levels; the documentation is re-
viewed in Simon (1974, pp. 42—69). The economic approach suggests
that a negative relation between income and fertility is an indication
that the effective price of children increases with income, perhaps be-
cause the wives of men with higher incomes tend to have greater poten-
tial earnings from market activity (Mincer, 1963) or higher values of
their time (Willis, 1973). I believe, however, that the interaction
between the gquantity and quality of children is the most important
reason why the effective price of children rises with income.

The Demand for Children [ 145

The Interaction between Quantity and Quality

Let us return to the utility function, Eq. (5.1), that distinguishes the
quality of children from other commodities. I assume here that all chil-
dren in the same family have the same quality and that quality is fully
produced by each family with its own time and market goods (these as-
sumptions are dropped in Chapter 6). If p, is the constant cost of a unit

of quality, g the total quality of each child, and p.gn the total amount
spent on children, the budget constraint would be

peqn + mw,Z = 1. 5.7

This budget constraint is not linear in the commodities entering the util-
ity function, but depends multiplicatively on n and g. The nonlinearity
is responsible for the interaction between quantity and quality in the
following analysis.

Maximizing utility subject to the budget constraint gives the equilib-
rium conditions

aU

E = MU, = Ap.q = Am,

au |

% = MU, = Apen=Am, [ . (5.8)
au MU. -

az = MU: = A

The relevant shadow prices of n and q are 7, and ,. Of course, each
depends on p,, the cost of a unit of quality, but what may appear sur-
prising is that r, depends on g and 7, depends on n. Since an increase
in g raises the amount spent on each child, it raises the relevant cost of
each child. Similarly, an increase in n raises the cost of adding to the
quality of each child because a larger number of children would be
affected.

Equations (5.7) and (5.8) can be solved for the equilibrium values of
n, q, and Z as functions of these shadow prices and of income:

n = dym, 7,7, R)
q = de{Trn, 1,7, R) . (5.9
Z = dmy,we 1, R)
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where shadow income, R, equals the sum of the shadow amounts spent
on different commodities.® These demand functions have the usual
substitution and income effects; for example, an increase in the
shadow price of n, g, or Z, holding other shadow prices and shadow in-
come constant, would reduce own quantity demanded. Note, however,
that these demand functions depend on the quantities n and g through
the shadow prices 7, and , respectively, and even on the interaction
term ng through shadow income R (see the extensive discussion in
Tomes, 1978).

Quantity and quality do not interact explicitly in demand functions
that depend on shadow prices and income, but they do in demand func-
tions that depend on ‘‘market’’ prices and income. If p., 7., and I were
held constant, an exogenous increase in n would raise the shadow price
of g, m, (=np,), and thereby would reduce the demand for q. The re-
duction in g lowers the shadow price of n because it depends on g,
which further increases the demand for n. But this raises 7, and lowers
g still further, which lowers i, and raises n still further, and so on. The
interaction between n and g continues until a new equilibrium position
is established.

Even a small exogenous increase in n (or g) could be responsible for
a large decrease in g (or n) if the interaction between n and g were suffi-
ciently strong. The interaction is determined by the substitution
between n and g in the utility function: if they were sufficiently close
substitutes, they would continue to interact until either n or g were
negligible. In particular, if the elasticity of substitution between n and
g, nand Z, and g and Z were the same, both n and ¢ would be positive
only if this elasticity were less than unity.' Consequently, the “*spe-

9. Equation (5.7) can be written as
(pmg + (peg)n + w.Z =1+ p.ng =R,
or as
Teq + man + w2 = R.
10. For proofs see Becker and Lewis (1973) and Tomes (1978). More gener-
ally, both n and g would be consumed only if
1 — k0o,
1 -k’
where a, is the elasticity of substitution between n and g. . is the elasticity of
substitution between both Z and n and Z and g, and , is the share of Z in R.
Therefore, apg < 1 if o, = 1, and the maximum feasible a4 is negatively re-

lated to .. That is, quantity and quality of children could not be close substi-
tutes if other commodities were close substitutes for children.

Tng <
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cial™ relation between the quantity and quality of children that derives
from their interaction does not presume that they are close substitutes:
on th.e contrary, equilibrium would not be possible if they were closc;
substftutes! Therefore, the interaction between quantity and qualit
explains why the education of children, for instance, depends closely
on the number of children—even though we have no reason to believ}e'
tha'l't‘hed}lcation per child and number of children are close substitutes
The interaction between n and g is shown graphicaily in Fi .
'where U, and U, are convex indifference curfesl:)etwean:t l;lg(;l rqe(; :s
l.gnored or held constant), and AB and CD represent the budget equa-
tion. The interaction between n and q implies that the budget curve is
not a straight line but is also convex to the origin.!! Equilibrium would
be aP an internal position (like points €0 and ¢,) only if the curvature of
tt?e indifference curves exceeded the curvature of the budget curve
Since the curvature of these indifference curves is smaller when n and'

c v,

Quality
per child (q)

B
Number of children ()

FIGURE 5.1 Interaction b i
. etween quantity and quality: indiff
and budget curves of a typical family. g retence curves

—_—
I If p.ng = §', then
pen + pegldn/dp) = dS' = 0,
peldn/dq) + pc(dn/dq) + p.q(d®n/dg?) = 0,
d*n/dq® = (-2 dn/dq)/q > 0.

and

or
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q are closer substitutes, internal equilibria are possible only when they
are not close substitutes.

The quantity and quality of other commodities are also related (see
Theil, 1952, and Houthakker, 1952, and the application to firms by
Hirshleifer, 1955), but may not interact so strongly because the quali-
ties of different physical units are not so closely related as the quali-
ties of different children. For example, a rich person might well plan
io own both expensive and inexpensive cars, but is unlikely o plan on
having both expensive and inexpensive children. Still, the analysis
developed in this section can be usefully applied to other commodities.

Fertility in many countries has changed greatly during short spans of
time. Table 5.1 shows that the birth rate in the United States declined
by 38 percent between 1960 and 1972, and by 24 percent during the
1920s. The total fertility rate in Japan dropped by 45 percent between
1950 and 1960, and the total fertility rate in Taiwan declined by 51 per-
cent between 1960 and 1975. Or, to take an early episode, the birth rate
in England and Wales decreased by 26 percent between 1871 and 1901.
Commodities like children, which are presumed to have modest price
elasticities because they do not have close substitutes, generally do not
change by large amounts except during severe business cycles.

Several alternative explanations for large changes in fertility have
been suggested, including the contraceptive revolution ushered in by
the pill (see Westoff and Ryder, 1977, pp. 302-309), but this cannot ex-
plain the large decline in births in the United States during the twenties

TABLE 5.1 Changes in birth rates in various countries and time

periods.
Percent change

Country and period in birth rate
(1) United States, 1920-1930 -24
(2  United States, 1960-1972 —38
(3)  Japan, 19501960 —45
(4)  Taiwan, 1960-1975 —51
(5)  England and Wales, 1871-1901 -26

sourct s: U.S. Bureau of the Census. 1975¢. 1977b: Japan Bureau of Statistics. 1962
Taiwan Ministry of the Interior. 1974, 1976: Great Britain Registrar General, 1957

(1) and (2) Birth rate for women ages 15-44.
(3 and (4) Total fertility rate for women ages 15-49.
(5) Birth rate for women ages 15-44.

*
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or in Jap'an during the fifties. I am convinced that the most promising
expla'natlon is found in the interaction between the quantity and quality
o.f chlldre.n, for it implies that the demand for children is highly respon-
sive t.o price and perhaps to income, even when children have no close
substitutes.'?

The demand for children can be better discussed after adding a fixed
cost (?f each chi‘ld, Pn, that includes the time, expenditure, discomfort
and risk spent':n pregnancy and delivery, governmental child allow:
anc.es (a negative cost), the costs of avoiding pregnancies and delj-
veries, and all other psychic and monetary expenditures on children
that ars‘. largely independent of quality. In addition, let Dq refer to
expendltures on children that are largely independent of the r:umber of
children because of joint consumption by different children (items like
hand-me-down clothes and learning from parents), and let marginal and
a.ve.rage variable costs of quality differ, perhaps because of public sub-
sidies to schooling. The budget equation can then be written as

Pt + poq + pqdgn + 7,7 = I. (5.10)

' Maxnmlzing utility subject to this constraint gives the following equi-
librium conditions for n and q:

MU, = Mp, + Pe@) = Apeg(l + 1) = AT,

_ ape (5.11
MU, = \ (pﬂ + pen + Tq 'lq) =Apa(l + rg + €n) = A7, )

where r, = pn/pcq and r, = p,/p.n are the ratios of fixed to variable
costs. for qu§nt1ty and quality respectivaly, and 1 + €pq 1S the ratio of
marginal variable cost to average variable costs of quality. Hence

MU, w0 g (1+r)

MU, "7, " n (041 + e 5.12)

Th'e ratio of the shadow prices of n and 4 now depend not only on the

ratio ofq to n. but also on the ratios of fixed to variable costs, and on

the ratio of marginal to average variable cost of quality. h
Therefore. an increase in, say, the fixed cost of n, perhaps because

l . . .
quai.titlydv:(;j]dnm ’flqlly appreciate the significance of the interaction between
theory had ~jin ity in my first paper on fertility. I claimed that economic
amount. o, e to say about Ihe_quantltauvc relationship between price and
poo ()nés" (Be are _no good substitutes for children. but there may be man
ecker, 1960, p. 215). Y
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of reduced child allowances or reduced costs of contraception, would
induce a substitution away from » and toward g as well as Z, because
m, would increase relative to m, as well as 7r,. The interaction between
n and ¢ implies that the increase in g raises 1, further, while the de-
crease in n lowers m, further, which encourages still more substitution
away from n and toward g. The decrease in n and increase in g could be
sizable even if the increase in the fixed cost of n were modest and the
eiasiicity of subsiiiution beiween 7 and g were not large.

A compensated increase in p, rotates the budget line of Figure 5.1
through the initial equilibrium position, from AB to CD. Revealed pref-
erence shows that the new equilibrium must be to the left of e, as is e;.
Since the interaction between n and g implies that the slope of CD at ¢,
increases when n decreases, the decrease in n must be sufficient to
raise the slope of the equilibrium indifference curve to equality with the
increased slope of CD.

To illustrate, assume that p, is 25 percent of ., p, and €,, are neg-
ligible, expenditures on n equal 10/27 of R, and expenditures on g
equal 8/27 of R. If n and g did not interact, a compensated 1-percent
increase in the price of n would reduce the demand for n only by
0.01 (17/27) o, where o is the elasticity of substitution (for example, by
0.5 percent if o = 0.8). The interaction with q, however, magnifies the
response, for then a compensated 1-percent initial increase in 1, due to
a 4-percent increase in p, would reduce the demand for n by about 1.1
percent if o = 0.8 and by about 2.3 percent if ¢ = 1.0.® These are 2}
and 3% times as large as the reductions in n when n and g do not in-
teract. Therefore, a moderate increase in the fixed cost of children
(perhaps caused by an exogenous improvement in contraceptive
knowledge) or a moderate decrease in the ratio of marginal to average
‘costs of quality that raised the initial shadow price of quantity relative
to quality by only 10 to 20 percent would reduce the demand for quan-
tity and increase the demand for quality by significantly larger percent-
ages.

Moderate initial increases in relative price could explain both the
large declines in fertility in Table 5.1 and the large increases in quality
in Table 5.2. For example, while the fertility rate in Taiwan declined by
51 percent, the fraction of persons aged 25-34 with a high-school edu-
cation rose by 100 percent, or while the birth rate in the United States

13. See Becker and Lewis. 1973, eq. (A19). 1 am indebted to H. Gregg Lewis
for correcting an error in earlier calculations.

«
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TABLE 5.2 Changes in level of schooling in various countries and
time periods.

Percent change

Country and period in schooling
(1) United States, 1920~ 1930 +81 -
(2)  United States, 1960-1972 +33
(3) Japan, 1950—1960 +37
(4)  Taiwan. 1960-1975 +100
(5} Great Britain, 18711900 +21

SOURCES: U.S. Department of Commerce, 1932; U.S. Bureau of the Census, 1963a,

1972; Japan Bureau of Statistics. 1961; Taiwan Minist i . 5
070, 2 inistry of the Interior, 1976: West,

(§)] Fraction of persons ages 14~17 enrolled in secondary school.

(2) Fract!on of persons ages 25-34 who completed high school.

3) F_racnon of persons ages 25-34 who completed senior high school (current system)
or mlddlg school (old system): excludes youth training (old system).

(4) Fraction of persons ages 25-34 who completed high school.

(5) Fraction of males who were literate.

declined by 38 percent, the fraction of persons aged 25-34 who gradu-
ated from high school rose by 33 percent.

Further Empirical Implications of the
Quality-Quantity Interaction

This analysis also can reconcile to some extent the view that family
pl.anning programs are necessary before fertility will fall significantly
with the view that the value of children must be reduced before fertility
falls significantly (see the discussion between Demeny, 1979a and b,
and Bogue and Tsui, 1979). Suppose that an effective family planning
program could be expected to reduce births by 10 percent because that
many births are ‘“‘unwanted.” However, births would actually fall by a
m'uch larger percent; the interaction between quantity and quality im-
plies that a 10-percent fall in births raises the demand for quality of
children, which raises the cost of (lowers the value of) quantity and
further lowers the demand for births. Although family planning might
take credit for the whole decline in births because it is the initiating
force, the induced increase in the demand for higher-quality children
and the induced decrease in the demand for quantity of children are
Tesponsible for more than half of the decline in births.

' Economic theory implies that a change in the price of any commod-
ity changes in opposite directions the demands for that commodity and
for substitute commodities. The interaction between the quantity and
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traceptive knowledge would reduce the quantity of children, raise the
probability they survive childhood, and also improve other aspects of
the quality of children. The decline in fertility is not ‘‘caused’’ by the
decline in child mortality nor is the decline in mortality ‘‘caused’’ by
the decline in fertility, but both of these resuit from a rise in the price
of quantity and the interaction between quantity and quality (Gomez,
1980).

Even an cxogenous decline in child mortality would induce a
quantity-quality interaction. Parents might reduce their own efforts to
prevent child deaths when, say, a public health program is intro-
duced,!? but they would increase their expenditures on other aspects of
child quality because the rate of return on these expenditures would be
raised by a decline in mortality. If total parental expenditures in-
creased, the effective price of quantity could be increased by an ex-
ogenous decline in child mortality, and the demand for child survivors
would then decrease (see also O'Hara, 1972). An exogenous increase
of a given percent in the probability that children survive childhood
would then reduce births by a larger percentage.

Economic development affects fertility and the quality of children
not only because incomes increase but also because rates of return on
investments in education and other human capital increase. Since even
a ‘“‘pure’’ rise in income can reduce fertility through the interaction
with quality, a rise in income combined with higher rates of return on
quality could reduce fertility significantly. Consequently, economic
development can have significant negative effects on fertility even
when the “‘true’” income elasticity of demand for fertility is positive
and sizable. A similar analysis that incorporates systematic differences
in rates of return to different families in developed countries implies
.that richer families can have fewer children than poorer families, even
though richer families in less developed countries have more children
than poorer families.

17. Chapters 6 and 11 analyze the effects on parental efforts of changes in
public and other “‘endowments’’; Scrimshaw (1978, pp. 391, 395) provides
empirical evidence on parental reactions to public health programs.

o

SUPPLEMENT TO
CHAPTER 5

A Reformulation
of the Economic
Theory of Fertility

The economic approach to fertility emphasizes the effects of parents’
income and the cost of rearing children. With the exception of work
by Easterlin (1973) and a few others (see Chapter 7), this approach has
neglected the analytical links between decisions by different genera-
tions of the same family. Moreover, despite Malthus’ famous prece-
dent, fertility has not been integrated with the determination of wage
rates, interest rates, capital accumulation, and other macroeconomic
variables (exceptions include Razin and Ben-Zion, 1975, and Willis,
1985).

Our model in this supplement is based on the assumption that par-
ents are altruistic toward their children. The utility of parents depends
not only on their own consumption, but also on the utility of each child
.

n 'lt“::is supplement was written with Robert J. Barro and originally appeared
l‘ € Quarterly Journal of Economics 103 (1988): 1-25. Reprinted here, in
slightly amended form, by permission.
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