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ABSTRACT

When parents are altruistic toward children, the choices of fertility and
consumption come from the maximization of a dynastic utility function. The
maximization conditions imply first, an arbitrage condition for consumption
across generations, and second, the equation of the benefit from an extra
child to the net cost of rearing that child. These conditions imply that
fertility in open economies depends positively on the world interest rate, on
the degree of altruism, and on the growth of child-survival probabilities;
and negatively on the rate of technical progress and the growth rate of
social security. The growth of consumption across generations depends on
changes in the net cost of rearing children, but not on interest rates or
time preference. Even when we include life-cycle elements, we conclude that
the growth of aggregate consumption per capita depends in the long run on the
growth of consumption across generations. Thereby we show that real interest

rates and growth rates of consumption per capita would be unrelated in the

long run.
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1. Introduction

The economic approach to fertility has emphasized the effects of parents'
income and the cost of rearing children. The most important determinants of
cost have been employment opportunities of children, the value of parents'
time spent on child care, monetary and psychological costs of avoiding births
through abstinence and birth-control methods, and the interaction between the
"quality"” and quantity of children.

With the exception.or work by Richard Easterlin (1973) and a few others
(e.g., Becker [1981, Chapter 7]), studies that use an economic approach have
neglected the analytical links between decisions by different generations of
the same family. Moreover, despite Malthus's famous precedent, fertility has
not been integrated with the determination of wage rates, interest rates,
capital accumulation, and other macro variables (exceptions include Razin and
Ben Zion [1975] and Willis [1985]).

This paper and a sequel develop an economic analysis of both linkages in
fertility across generations and of the interaction between fertility and
various macro variables (seeABarro and Becker [1985] for an earlier version).
In the present“paper.'wage-rates and interest rates are parameters to each
family and to open economies; the sequel considers the determination of
interest rates, wage rates, population growth, and capital accumulation in
closed economies.

Our model is based on the a§sumption that parents are altruistic toward
children--hence, the utility of parents depends on the utility of each child
as well as on the consumption of parents. By relating the utility of

children to their own consumption and to the utility of their children, we



derive a dynastic utility function that depends on the consumption and number
of descendants in all generations. We venture to use the word
"reformulation” in the title because of our emphasis on dynastic utility
functions and the number of descendants in all generations. The reformulated
approach provides a new way of looking at the determination of fertility.

Section 2 sets out a model of altruism toward children, and derives the
budget constraint and utility function of a dynastic family. The first-order
conditions to maximize utility imply that fertility in any generation depends
positively on Interest rates and the degree of altruism, and negatively on
the rate of growth in the consumption of descendants. Consumption of a
descendant 1s positively related to the difference between the cost of
rearing a descendant and the value of his lifetime earnings.

Section 3 considers the effects of child mortality, subsidies to (or
taxes on) children, and social security and other transfer payments to
adults. Among other things, we show that the demand for surviving children

rises during the transition to low child mortality. However. this demand

o

returns to its prior level cnce mortality stabilizes at a low leve

Section 4 considers fertility and population growth in economies linked
to an international capital market but not an international labor market.
Among other results, we show that fertility is reduced by declines in
international interest rates, and by increases in an economy's rate of
technological progress. This analysis of fertility in open economies may
contribute to the explanation of low fertility in Western countries during
the past couple of decades.

Section 5 extends the analysis to include full life-cycle variations in

consumption, earnings, and utility. We show that fertility depends on the



expenditure on the subsistence and human capital of children. but not on
expenditures that simply raise the consumption of children. We show also for
demographic steady states, that aggregate consumption does not depend on
interest rates, time preference or other determinants of life-cycle

variations in consumption.

2. A Model of Fertility and Population Change

We assume that each person lives for two generations, childhood and
adulthood. By assuming only one period of adulthood we omit life-cycle
considerations. However, we show in section 5 how to combine a life-cycle
analysis with the intergenerational forces that we stress in sections 2-4.
For simplicity, we pretend that each adult has children without "marriage."
We believe that production of children through marriage of men and women
would not affect the essence of the analysis. We also bypass issues related
to the spacing of children by assuming that parents have all of their
children at the beginning of adulthood.

Economic analyses of fertility have assumed that the utility of parents
depends on the number and "quality” of children, usually without any
specification of how or why children affect utility. Although agnosticism
about preferences‘is common among economists, a more powerful analysis of
fertility and population change can be obtained by building on recent
discussions of altruism toward children.

The importance of altruism within families began to be recognized
systematically by economists during the 1970s (two early studies are Barro
{1974] and Becker (1974}). Obviously many parents are altruistic toward

their children in the sense that the utility of parents depends positively



on the utility of children. This paper relies heavily on the assumption of
altruism toward children to generate a dynamic analysis of population change.
[f the utility of a parent were an additively-separable function of own

consumption, denoted CO’ and the utility of each child, then

n
(1) U, = vicy) + § #,(U o),
i=1

where UO is parental utility, v is a standard utility function (with v' > 0,
v'' < 0), Ul,i is the utility of the ith child, and n0 is the number of
children. Since reactions by parents to differences among their children are
not important for the issues discussed in this paper,1 we simplify by
assuming that siblings are identical; hence the function #i = ¢ is the same
for all children. If this function is increasing and concave in the utility
of each child, Ul,i’ then the parent's utility is maximized when all children

attain the same level of utility, U1 i c Ul j for all i and j. Then parent's

utility can be written as
T =
(2) LO v(co) + noﬁ(Ul, no).

With the further assumption that the function ¢ is proportional to Ul’ so

that ¢(Ul, no) = Ula(no), parent's utility would be given by

1See the discussions in Becker (1981, Chapter 6), Sheshinski and Weiss
(1982), and Behrman, et al. (13982).
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(3) U, = v(co) + a(no oY1-

0

The term a(no) measures the degree of altruism toward each child, and
converts the utility of children into that of parents. We assume that, for

given utility per child Ul’ parental utility is Increasing and concave in the

number of children no. This property, together with equation (3), requires

the altruism function to satisfy the conditions,

(4) a(no) +n a'(no) > 0 and 2a'(n0) +n a"(no) <0,

0 0

where we neglect integer restrictions on the number of children.
We assume that the parameters of a parent's utility function are the same
for all generations of a dynastic family. Therefore, the utility of each

child, U depends as in equation (3) on own consumption, ¢ and on the

1» 1-

number, n,, and utility, U of own children. If the presentation is

1 2’
simplified by neglecting utility during childhood (see section 3), then we

have after substituting for U1 in equation (3)

(35) UO = v(co) + a(no)nov(cl) + a(no)a(nl)nonluz.

Note that U2 is the utility of each grandchild, and non1 is the number of
grandchildren.
Utility functions like that in equation (3) have been criticized for

neglecting altrulsm toward grandchildren (and perhaps great-grandchildren,

etc.). Equation (5) shows that this criticism is invalid because,



indirectly, grandparents are altruistic toward grandchildren. A more subtle
claim is that the indirect altruism toward grandchildren must be weaker than
the direct altruism toward children. Even this criticism does not
necessarily hold, because the utility function in equation (5) does not
require the altruism toward grandchildren to be less than that toward
children. This property holds only if a(nl) < 1.

The utility of great-grandchildren would appear in the utility function

n, and U_.

if U, In equation (5) were replaced by terms that depend on cz, 2 3

2
By continuing to substitute later consumption and fertility, we arrive at a
dynastic utility function that depends on the consumption and number of
children of all descendants of the same family line. This dynastic utility

function can be expressed as

(6) U, = } AN v(e)),
i=0

o
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where Ai is the implied degree of altrulsm of the dynast

descendant in the ith generation, as given by

nj {s the number of children per adult in generation j, Ni is the number of

descendants in the ith generation, as given by



and 4 is the consumption per adult in generation i.

At a point where a parent has one child, n = 1, we can say that a parent
is "selfish” if the marginal utility of his own consumption exceeds the
marginal utility that he derives from his child's consumption. This
definition implies a(1) < 1 for selfish parents. Since the utility of a
dynastic family with stationary consumption per person (ci = ¢) and a
stétionary number of descendants (Ni = 1) would be bounded only i? a(l) < 1,
we assume that parents are "selfish.”

The analysis simplifies greatly if the degree of altruism toward
children has a constant elasticity with respect to the number of

children--that is,
(9) a{n,) = xi{n, )
i i

[n this case the degree of altruism toward descendants, Ai in equation (7).
i-1

depends only on the number of descendants in generation i, Ni = nj~—
j=0

specifically, Ai = ai(Ni)—e. We use this simplification for the subsequent
analysis. Then the condition 0 < a(l) < 1 requires 0 < a < 1, and the
condition that parental utility is increasing and concave in the number of
children for given utility per child (as ensured by the inequalities in
expression (4)) corresponds to 0 < & < 1. By substituting the altruism
function from equation (9) into the expression for dynastic utility in

equation (8), we get
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i 1-¢
(10) u, = 2 a (N7 Tvley)
i=0

Suppose that we change the number of descendants in generation i, Nl'
while holding fixed the total consumption, Ci = Nici' fer generation i, as
well as the number and consumption per person in other generations (Nj and cj
for j # i). Then the change in Uo measures the benefit or loss from having
more people in generation i to consume a given aggregate quantity of goods.
Since the production of children is costly, an increase in Ni in this manner
must raise U0 near a utility-maximizing position (if children are being
produced). Otherwise, people would do better with fewer children. The

derivative of Uo in equation (10) with respect to N,--holding fixed Ci and

i

the values of cj and Nj for all other generations--is positive only if

{11) O(Ci) <1 - e,

where o(ci) v’(ci)ci/v(ci) is the elasticity of utility with respect to

consumption Ci' This condition is important for the subsequent discussion.

Each adult supplies one unit of labor to the market and earns the wage

wl..2 Adults leave a beguest of (non-depreciable) capital, k1+1, to each

child. We assume as a convention that bequests occur at the beginning of

period i. Since the capital ki earns rentals at the rate ri. an adult in

generation i spends his total resources, wi + (1 + ri)ki' on own consumption,

2

The labor-leisure choice can readily be incorporated by including leisure
along with consumption in the v function., and by considering a "full-income”
budget equation (see Tamura, 1985).



Ci' on bequests to children, n1k1+1; and on costs of raising children. We

assume that each child costs pi, so that nipi is the total cost of raising

children to adulthood. Therefore, the overall budget condition for an adult

in generation 1 is

(12) w, + (1 + ri)ki = ci + ni(,Bi + k )

i i+l

The parameter pi represents a cost of raising children that is

independent of the "quality"” of children (as measured by their consumption,

c wage rate, w,

i+1’ ie1 or inheritance, ki+1)' To capture the emphasis in the

fertility literature on the value of parents' time, we sometimes assume that

pi 1s proportional to the parent's wage rate, w We assume also that debt

i
can be left to children--that is, bequests ki can be negative as well as

positive.3

The optimization problem as seen by the dynastic head is to maximize
ucility UO in equation (10), subject to the budget constraints in equation
{12) and to the initial assets ko. In carrying out this maximization, each

individual takes as given the path of wage rates, w interest rates, r and

1’ il
child-rearing costs, pi. The chosen path of consumption per adult, ¢

0o’ "1

Consumption ci and numbers of descendants Nl must also be non-negative in

each generation. However, we neglect integer restrictions on N Ponzi

i
games, in which the debt grows torever as fast as or faster than the interest
rate, would be ruled out if the present value (as of period 0) of debt
approaches zéro asymptotically.



1’ k2, ...; and number of descendants;

...; capital stock per adult; k
N ..., must be consistent with this maximization problem.4

The first-order conditions can be obtained in the usual manner, with
allowance for a Lagrange multiplier for each period that corresponds to ea:.
of the budget constraints in equation (12).5 The two sets of first-order
conditions are

(13) vile, )/viley) = (ni)e/a(l .o, i=o0,1,

i) ir1

and

(14) v(ci)[l -6 - o(ci)] = v'(ci)[pi_l(l + ri) - wi], i=1, 2,

where o(ci) is again the elasticity of v(ci) with respect to ci.6 There .

4We pretend that the dynastic head can pick the entire time path. However
descendants will face a problem of the same form, and would have no incent.
to deviate from the choices made initially. 1In other words, decisions are
time-consistent across generations. Note also that, as long as all the

capital stocks ki are positive, bequests from parents to children are alsc

positive.

°The second-order condition is e + (1 - e)vv"/(v’)2 < 0 (see the appendiz
If c(ci) is the constant o, then this condition reduces to g + & < 1, whic>

is expression (11).

6We assume that the parameters of the utility function and budget constra..:
lead to a finite level of utility. For a steady state with constant valus:
of 8, w, r. c and n, this requires (1 « r}) > n, which is the standard
condition that the interest rate exceeds the growth rate {(of population).

equation (13), a constant c¢ implies n = [a(1l =~ r)]lle, so that (1 + r} >

requires (1 ~ r)(l‘e) < l/a. Hence, utility would be unbounded if the

interest rate were too high.
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also the dynastic budget constraint, which equates the present value of all

resources to the present value of all expenditures.7

L. -] [--]
(1) kog+ 3 dNwo= 5 di(Njep v N A,
i=0 i=0
. -1
where d., = = (1 + r.) ~.
i .
Jj=0

Equation (13) is the usual arbitrage condition for shifting consumption
from one generation to the next. Aside from the term that depends on

fertility, n this equation expresses the familiar result that the utility

il
rate of substitution between consumption in periods i and i+1,

v'(c1+1)/v'(ci), depends inversely on the "time-preference” factor, a, and

the interest-rate factor, 1 + The standard conclusion is that a rise

ri+1.
ina or r, increases ¢ relative to c.. An increase in fertility, n_,
i+1 i+l i i
lowers aitruism per child. given by a(ni). and thereby increases the discnou:
on future consumption. Therefore, higher fertility is associated with a
reduction in ¢ relative to c,, for given values of r, and «.
i+l i i+1

Equation (14) says that the marginal benefit of an additional child {(or

equivalently of an additional adult descendant for the next period) balances

the marginal cost. The right side of the equation is the net lifetime cost

of an additional adult in generation i. The earnings of each adult, W

7The dynastic budget equation follows from the constraints. for each period.
as shown in equation (12), as long as the transversality condition 1is
satisfied: the present value of the future capital stock must approach :z
asymptotically. We also use the constraint on borrowing, which is discuss
in n. 3 above. ;

EYCE
o
2.
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subtract from the cost of rearing a child in generation i-1, valued in goods
of generation i (pi_l(l + ri)). The left side of equation (14) is
essentially the effect on utility from adding an additional adult descendant
in generation i, Ni' while holding fixed the total consumption Ci of that
generation.8 As discussed earlier, this marginal utility must be positive
near an optimal position, which implies 1 - ¢ - d(ci) > 0 (see expression
(11)).

- Equation (14) indicates that children would be a financial burden to
altruistic parents: the cost of rearing an additional child would exceed his
lifetime earnings. Otherwise, altruistic parents would maximize utility by
having as many children as were biologically feasible. Caldwell (1982), among
others, argues that parents in less-developed countries want as many children
as possible because children are profitable in the sense that their earnings
as child laborers exceed the cost of rearing them. Altruistic parents would
want as many children as possible even when child labor was not profitable,
if the lifetime sarnings of children exceeded the cost of rearing the
marginal child.

With the definition, o(ci) = v'(ci)ci/v(ci). equation (14) can be

rewritten as

(18) Ci[l - & - o(ci)]/o(ci) = pi—l(l * ri) - W

2 . , . . . . .
Differentiate the appropriate term in equation (10) with respect to Ni while

holding fixed Ci' Aside from the factor, al(Ni) 6, the result is the left -

side of equation (14).
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The left side would be proportional to ci if o(ci) were constant. OQtherwise,
we assume that o(ci) either falls or increases slowly enough with c; so that
the left side is increasing in Ci' Then equation (16) implies that ci is a
positive function of the net cost of producing another descendant in

geheration i. It follows that consumption per person, ¢ grows across

i
generations only if the net cost of creating descendants also grows. Hence,
descendants have the same consumption if they are equally costly to produce.
In contrast, the usual models of optimal consumption over time imply that
consumption grows {or falls) over time if the interest rate exceeds (or is
less than) the rate of time preference. In our analysis, the rate of growth
between generations of consumption per person is essentially independent of
the level of interest rates, and alsc does not depend on the rate of altruism
or time preference, as summarized by the parameter a.

The main effects from chanées in the level of interest rates or in the
dggree of altruism show up on fertility, ni. We can rewrite equation (13} to
solve out for the fertility rate:

1/e

(17} ni = [a(1 + Pi+ )V'(Ci*l)/V'(ci)] , 1 =20, 1,

1

Equation {16) pegs the intertemporal-substitution term, v'/{ )/v’(ci). for

C.
i+1
i=1, 2, ..., because ci in each future generation depends only on the net
cost of producing descendants. For example, if the cost were the same for
all generations, the intertemporal-substitution term would be unity. Since

substitution in consumption is pegged, the fertility rate, n, for i =1, 2.

rises with increases in the. interest rate, ri+1. or the rate of



altruism, a. Note that these responses satisfy the arbitrage condition for
shifting consumption across generations, even though the time path of
consumption per person does not change. For this given behavior of
consumption per person, higher values of interest rates or of the rate of
altruism motivate a family to have descendants later rather than sooner--that
is, fertility rates rise.

Richard Easterlin, a pioneer in analyzing the effects of
intergenerational relations on fertility, has argued (1973) that fertility
depends negatively on the wealth of parents compared to own wealth because
growing up in a wealthy family shifts preferences toward own consumption at
the expense of children. Put differently, fertility is said to be positively
related to the growth in wealth from the previous to the present generation.
Fertility in our model also depends on the rate of growth between
generations, but it depends negatively on the growth between own consumption
and consumption per capita of the next generation. Moreover., in our model,
preferences are invariant with wealth and have the same form for each
generation,

Another important property of the model concerns the effect of changes in
wealth, which we can represent by shifts in the initial assets ko. Equation
(16) implies that consumption per person in each future generation, ci for

i=1, 2, ..., depends only on the net cost of descendants, 8.

g by s

W If a shift in wealth leaves unchanged the cost of raising children,

Ay

Y and the wage rate of descendants, Wi then there is no effect on future

consumption per person, Ci' In this case it also follows from equation (17}

that future fertility, ni for i = 1, 2, ..., does not change with a shift in



15

wealth. With future consumption per capita and future fertility unchanged,
the dynastic budget equation (15) implies that either initial consumption,

Cyr OT fertility, n,. must change. Using equation (17) for { = 0, we can see

that an increase (or decrease) in c., must be accompanied by an increase (or

0
decrease) in n,. That is, wealthier persons consume more and also have
larger families.

The results imply that an increase in say inherited wealth would increase
only the scale of a dynastic family. The number of descendants, Ni’ and
aggregate consumption, Ci’ in each future generation would increase by the
same proportion as the increase in initial fertility, ng. We can see this

result directly by recalling that Ni = for 1 =1, 2,

ngny --e 0y
Substitution for each fertility rate from equation (17) leads to

i i 1/e
(18) N, = {a [vi(e.)/vi(c.)]e x (1 + r.)} : i=1, 2,
i i 0 j=1 b

An increase in wealth raises c0 and thereby lowers the marginal utility of
wealth, v'(co). Since all future valués of ci are unchanged, equation (18)
shows that all future values of Ni rise by the same proportion.

Future capital per person, ki for 1 =1, 2, ..., would not change with a
shift in wealth because future consumption per person, ci, and fertility, ni.
are unchanged. This result follows from the budget conditions in equation
{12) and from the dynastic budget constraint in equation (15). Consequently,

bequests to each descendant of the dynastic head are unaffected by a change

in dynastic wealth.






