
-. AY- 1-RESEARCH REPORT 

I-F
 
POPULATION POLICY AND 
INDIVIDUAL CHOICE: 
A THEORETICAL 
INVESTIGATION 

Marc Nerlove, Assaf Razin, and Efraim Sadka 



The International Food Policy Research Board of Trustees 
Institute was established in 1975 to identify 
and analyze alternative national and intcr- Dick de Zeeuw 
national strategies and policies for meeting Chairman, Netherlands 
food needs in the world, with particular em- Ralph Kirby Davidson 
phasis on low-income countris and on the Vice Chairman, U.S.A. 
poorer groups in those countries. While the 
research effort is geared to the precise ob- Fiiseu Robrto de Andrade Alve, 
jective of contributing to the reduction of ' Brazil 
hunger and malnutrition, the factors involved Yahia Bakour 
are many and wide-ranging, requiring analv- Syria 
sis of underlying processes and extending 
beyond a narrowly defined fod sector. The Ivan L. Ilead 
Institute's research program r-flec s world- Canada 
wide interaction with policyrnaker;, adminis- Dharma Kumar 
trators, and others concerned with increasing India 
food production and with improving the 
equity of its distribution. Research results Anne de Lattre 
are published and distribLted to officials and France 
others concerned with national and intcr James R. McWilliam 
national food and agricu'tural policy. Australia 

The Institute receives support as a consli- Philip Ndfgwa 
Luent of the Consultative Group on Interna- Kenya 
tional Agricultural Research from a number Sabtro Okita 
of donors including the United States, the Japan 
World Bank. Japan, Canada, the United 
Kingdom, the Netherlands, Australia, the Soikadji Ranuwihardio 
Ford Foundation, Italy, Norv,,ay, the Federal Indonesia 
Republic o! Germany, India, the Philippines, Theodore W. Schultz 
Switzerland, Belgium, and the People's Re- U.S.A. 
public of China. In addition, a number of 
other governments and institutions contrib Leopoldo Soli: 
ute funding to special research projects. Mexico 

M. Syeduzzamar 
Bangladesh 

Charles Valy Tuho 
C6te d'Ivoire 

John W. Mellor, Director 
Ex Officio, U.S.A. 



POPULATION POLICY AND 
INDIVIDUAL CHOICE: 
A THEORETICAL 
INVESTIGATION 

Marc Nerlove, Assaf Razin, and Efraim Sadka 

Research Report 60 
International Food Policy Research Institute 
June 1987 



Copyright 1987 International Food Policy 
Research Institute. 

All rights reserved. Sections of this rcport may 
be reproduced without the express permission 
of but with acknowledgment to the International 
Food Policy Research Institute. 

Library of Congress Cataloging 
in Publication Data 

Nerlove, Marc, 1933-
Population policy and individual choice. 

(Research report / International Food Policy 
Research Institute :00) 

"June 1987." 
Bibliography: p. 51. 
I. Fertility, Human-Mathema:ical models. 

2. Populatioo policy-Matheinatical models. 
3. Economic development-Mathe matical mod­
els. I. Razin, Assaf. II. Sadka, Eiraim. III. Title. 
IV. Series: Research re port (International Food 
Policy Research Institute) ; 60. 

H-D901.N474 1987 363.9 87-16802 
ISBN 0-89629-062-X 



CONTENTS 

Foreword 

1. Summary 	 9
 

2. 	Introduction 11
 

3. 	Review of Welfare Economics 14
 

4. 	Externalities and Public Goods 18
 

5. Endogenous Fertility and Potential
 
Market Failure: False Issues 22
 

6. 	Endogenous Fertility and Potential
 
Market Failure: Real Issues 26
 

7. Children as a Capital Good 32
 

8. Socially Optimal Population Size:
 
Beyond the Pareto Principle 39
 

9. 	 Directions for Further Research 45
 

Appendix: 	Derivation of Formulae
 
for Policies Needed to
 
Support the Benthamite
 
and Millian Optima 48
 

Bibliograiphy 	 51
 



TABLE 

I. Optimal policies under the Ben­
thamite and Millian optima 44 



ILLUSTRATIONS 

1 Consumers' surplus 16 

2. The Pareto frontier 17 

3. The apple-blossom/honeybee 
ample 

ex­
19 

4. Marginal benefits and costs of pub­
lic goods 20 

5. Marginai private and 
of children 

social costs 
24 

6. Marginal private and social bene­
fits and costs of a bequest 28 

7. The marginal private benefits ver­
sus the marginal private and social 
costs of a child 29 

8. Equilibrium demand for consump­
tion over two periods 34 

9. Optimal numbers of children and 
their consumption with a Ben-
Lhamite social welfare function 43 



FOREWORD 

Population growth is one of the more important forces affecting both the supply 
and demand for food in developing countries. It is a critical determinant of the well-being 
of the lowest income groups-as discussed at length in an IFPRI-Johns Hopkins Press 
book, AgriculturalChange and Rural Poverty: Variationson a Theme by DharmNarain, 
edited by John W. Mellor and Gunvant M. Desai. Hence population is an important 
concern in the context of IFPRI's mandate. 

Marc Nerlove, whose major effort at IFPRI deals with factcrs affecting the rate of 
diffusion of new agricultural technology, joins with Assaf Razin and Efraim Sadka to 
present us with a tightly reasoned theoretical analysis of population policy and individual 
choice. Increasingly, as the national research systems of developing countries improve 
their capacity in applied research and draw in more basic research, institutions like 
IFPRI will have to move "upstream" in their research, providing a more detailed 
conceptual framework and additional methodological advances. This work is a tentative 
step in that direction. 

The basic concept of the work is built on the assumption that parents care about 
their children-an obvious assumption but not one that dominates the theoretical 
literature. The authors build from this assumption a solid theoretical structure that 
leads to important conclusions for policy. 

Although the conclusions drawn from the theoretical analysis are important, the 
study also indirectly corroborates how important it is that theory be well leavened with 
careful empirical analysis. That is the basic thrust of most of IFPRI's research. 

John W. Mellor 

Washington, D.C. 
June 1987 
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1 
SUMMARY 

There is currently much debate over policies designed to achieve socially optimal 
population size or rates of growth and, more particularly, what such socially desirable 
goals should be. But little attention has been paid to the question of why members of 
the present generation care about future generations. Presumably they care because 
each of them, individually, cares about his or her progeny. If this is the case, it raises 
the possibility that individual choice, in contrast to a collectively imposed solution, 
may indeed achieve socially optimal results, at least according to some criteria of social 
optimality. 

1, minimal criterion of social optimality is that of so-called Pareto efficiency. Individ­
ual choice in a free-market context does, in general, lead to an equilibrium that is 
Pareto efficient. But there are circumstances that lead to a failure of laissez-faire to 
attain an efficient solution from the standpoint of members of the present generation. 
Such circumstances are illustrated in two cases. First, when bequests of parents to 
their children are a public good within the second-generation family, laissez-faire leads 
to market failure because parents may fail to take into account !he additional utility 
that their bequest brings to the parents of their child's spouse. A subsidy to bequests, 
coupled with a tax on children, can correct this failure. Second, if children have differing 
ability and parents cannot enlorce transfers among siblings, market. failure may occur 
because parents underinvest in their more able children in order to achieve greater 
equality of consumption among their offspring. Plato's solution (in The Republic) was 
to aboiish the family. A less drastic, second-best policy, however, would be a progressive 
income tax coupled with a subsidy to the bequest of financial assets. Public investment 
in education is shown to be redundant and a subsidy to education to reduce welfare. 

To go beyond the efficient allocations from the standpoint of the present generation, 
it is necessary to introduce a social welfare function that aggregates, and therefore 
compares, the utilities of the present and future generations. In this report two are 
considered: the sum of individual utilities and the average of individual utilities. The 
analysis shows that the former always leads to a larger optimal population than the 
latter. When fertility is endogenous, a laissez-faire solution is well-defined, but it cannot 
be shown to lie between the results produced by the two social criteria, or, indeed, 
to bear any particular relation to them. When fertility is endogenous, a positive subsidy 
to second-generation consumption, and a child allowance (which may be negative) can 
be used to achieve a social optimum in a noncoercive, price-based manner. 

This report explores the implications of the endogenous determiiiation of fertility 
for certain issues in population policy. By endogenous fertility is meant something 
different from endogenous population size. It means that parents care about the numbers 
and welfare of their children and respond to economic constraints and opportunities 
when making choices affecting their children. The consequences of endogenous fertility 
for many issues of population policy are far-reaching. With respect to the socially optima! 
size of a population, does maximization of the sum of parents' and children's utilities 
lead to a higher rate of population growth than maximization of the per capita total? 
Also, does a laissez-faire solution (equivalent to maximizing a social welfare function 
that gives weight only to the utilities of the present generation) necessarily lead to a 
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higher rate of growth than maximization of per capita utility or to a lower rate than 
maximization of total utility? The reason for a possible ambiguity is found in the 
endogeneity of fertility for the current generation. Indeed, there is no laissez-faire 
solution unless children are directly or indirectly valued by parents. The report considers 
alternative noncoercive policies to support various allocations, such as child allowances 
and interest rate subsidies. 

It also considers the implications of endogenous fertility for market failure, that is,
the failure of laissez-faire allocation to achieve Pareto efficiency for the current gener­
ation. It is noted that two potential sources of externalities, diminishing returns and 
public goods, do not lead to market failure; since parents care about their children,
the sources of externalities are internalized in parental fertility decisions. However,
parental concern for the welfare of their children may give rise to other sorts of market 
failure, among which are those associated with the marriage of children and variations 
in the abilities of offspring. 

When children are not valued for their own sake but only as a device for transferring 
resources from present to future consumption, that is, to provide security in old age, 
some researchers hypothesize that introduction of an alternative form of saving will 
reduce population growth. This theory is shown to be false when general equilibrium
effects are taken into account. Furthermore, even if one ignores such effects, when 
fertility is endogenoL', because parents care about their children, relaxation of the 
constraint to saving in forms other than children creates a positive income effect, and 
parent, may still bring more children into the world. 

Endogenous fertility also has implications for policies influencing income distribu­
tion between generations, since such policies affect both the number and quality of 
individuals in successive generations. For exariple, even if poor people tend to substitute 
numbers of children for investments in child quality, positive child allowances may
still be optimal for redistributing income within the current generation. The optimality
of child allowances as a means of income redistribution may be affected, however, by
the interaction of endogenous fertility with labor supply decisions. These issues are 
important for the incorporation of demographic elements into the optimal tax system. 

10 



2 
INTRODUCTION 

Malthus and the classical economists combined a very simple model of family 
decisionmaking with an equally simple model of the operation of the economy. In 
essays published in 1798 and 1830, Malthus foresaw for the family procreation without 
bound except possibly by ". . a foresight of the difficulties attending the rearing of a 
family... and the actual distresses of some of the lower classes, by which they are 
disabled from giving the proper food and attention to their children."'I For the economy, 
Malthus said that a high rate of capital accumulation induced by high profits-represent­
ing the difference between output and the rent of land (natural resources) and wp,'es­
permitted a continual increase in output and population, albeit at the cost of using 
land of increasingly poor quality. As a result of the model of family decisions, the 
standard of living of most people did not continue to rise but eventually fell. The 
Malthusian theory is a positive one: it purports to explain, under given circumstances, 
what will happen. However, the classical economists drew normative conclusions from 
the Malthusian thcory, namely, that unbridled population growth was a bad thing 
because it resulted in ever lower per capita consumption until most people reached a 
subsistence level. Simplifying, one could argue that the classical economists implicitly 
assumed a social welfare function (see below) in which per capita utility matters but 
not the number in the population. This position can be referred to as Millian since it 
was John Stuart Mill who, more than anyone else, systematized and codified the classical 
tradition. In contrast, the utilitarians, represented by Bentham, held that the greatest 
good for the greatest number, that is, total utility, was the appropriate goal for society. 2 

Issues connected with population change have always been important in discussions 
of economic growth. Modern growth theorists in the tradition of Solow and Swan have 
developed theories of economic growth based on far more elaborate theories of the 
economy than the classical economists, 3 but few theories of population growth and 
household decisionmaking have gone much beyond the Malthusian model. 4 Although 
natural-resource constraints may be readily incorporated in theories of population 
growth through diminishing returns to scale in the variable factors, 5 it is a constant 
proportional rate of exogenous population growth, perhaps aided and abetted by exog­
enous technological progress, that essentially drives the mechanism. While discussions 
of optimal rates of population growth or the size of a population often attempt to 
integrate an endogenously determined population in the model, none has examined 
the response to changes in the economy and changes in relative prices and costs of 

Thomas R. Malthus, An Essay on the t'rinciple o Population and a Summary View of the Principle of 

Population, 1798 ed. (Baltimore, Md.: Penguin Books, 1970), p. 8Q.
 
2 Jeremy Bentham, An Introduction to the Principles of Morals and legislation, rev. ed., 1823 lOxford:
 

Blackwell, 1948).
 
3 Robert M. Solow, "A Contribution to the Theory of Economic Growth," OuarterlyJournal of Economics
 
70 (February 1950): 65-(,,4; and T. W. Swan, "Economic Growth and Capital Accumulation," Economic
 
Record32 (November 1956): 334-361.
 
4 For example, see J. D. Pitchford, Population in .conomic Growth (Amsterdam: North Holland, 1074),
 
pp. 1-10.
 
5 Swan, "Economic Growth," pp. 340-342. 
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families in deciding how many children to have and what to invest in those children's 
health, welfare, and education.' This household response is endogenous fertility as 
distinguished from endogenous population. 

The recognition, crucial to the understanding of long-term growth, that much 
investment in the economy is made in human beings rather than in physical capital
and that fertility itself is shaped in important ways by economic considerations has led 
in recent years to a renewed interest in the economics of household decisions. It is in 
the household that decisions about consumption, savings, labor-force participation,
migration, investment in human capital, and fertility are made. The theory of household 
decisionmaking in its modern form has been called the ' 7 It"new home economics."
has developed principally from the wo-k of Gary Becker, but most of its essentials are 
to be found in the earlier work of Margaret Reid, and it owes a good deal to Wesley
Mitchell's insights in his essay on "The Backward Art of SpendiIg Money."" 

Since Becker's analysis in 1900, the implications of endogenous fertility in the 
sense of parental altruism toward their own children, for consumption, labor supply, 

'and household employment decisions have been explored extensively in the literature. 
The purpose of this report is to examine the general equilibrium implications of endog­
enous fertility for a number of social issues related to population policy. These issues 
include the optimal size or rate of growth of population, real and false externalities, 
and issues of inter- and intragenerationai income distribution. The concern is thus with 
the normative rather than the positive implications of endogenous fertility. Endogenous
fertility simply means that parents care abou' the numbers and welfare of their children 
and respond to economic constraints and opportunities in making the choices affecting
their children. It is remarkable that this simple and obvious concept has such far-reaching
and significant normative implications. It is even more remarkable, however, that the 
idea that parents care about their children does not seem to have found a place in the 
current ethical and philosophical debates about optimal population. 

In this analysis, the simplest possible formulation of endogenous fertility is adopted:
in addition to their own consumption, the number of children and the utility of each 
child is assumed to enter the utility function of the parents. Thus, subject to whatever 
economic opportunities and constraints they face, parents are assumed to maximize 
their own utility functions (one per couple) in making choices about the number of 
children they have and how much and what to invest in them. Noncoercive tax and 
subsidy policies may be devised to affect these decisions; in the absence of such policies, 
a laissez-faire solution will generally exist. This implicitly assumes that the two parents
in a family constitute one homogenous unit-the "household"-when making decisions 
on fertility, consumption, and investment. It is assumed that the household speaks
with one voice so that it has a well-defined, consistent set of preferences that can be 

6'John S. Lane, on Optimal Populition Paths, Lecture Notes in Economics and Mathematical Systems No. 
142 (Berlin: Springer-Verlag, 1977); Pitchford, Population in Economic Growth; and R. Sato and E. G.
Davis, "Optimal Savings Policy When Labour Grows Endogenously," liconometrica 30 (November 1971):
877-897.
 
7Marc Nerlove, "Household and Economy: Toward 
a New Theory of Population and Economic Growth,"
Journal of PoliticalEconomy 82 (March/April 1974): S200-2 18. 
8 Gary S. Becker, "An Economic Analysis of Fertility," in Demographic and Economic Change in Developing 
Countries, ed. Richard Easterlin (Princeton, N.J.: Princeton University Press, 19601; Gary S. Becker, "A
Theory of the Allocation of Time," Economic Journal75 (September 19651: 493-517; Margaret G. Reid,
Economics of Household Production (New York: Wiley, 1934); and Wesley C. Mitchell, "The Backward
Art of Spending Money," American Economic Review 2 (June 1912): 175-208. 
'9 Becker, "An Economic Analysis of Fertility." 
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used to explain its fertility, consumption, and investment (saving) decisions as the 
outcome of a process in which the household chooses the best among all the alternatives 
that it can afford. This does not necessarily imply that all costs and benefits from 
children are shared equally between the two parents. For instance, in a totally female­
dominated society in which the male parent does not participate at all in household 
decisionmaking, there will still exist a well-defined set of preferences for tile household, 
namely the set of preferences of the female parent. (Also see tile discussion of interper­
sonal comparisons of utilities in Chapter 3.) 
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3 
REVIEW OF WELFARE ECONOMICS 

Most economic or social policies involve conflicts of interests among different
members of society. Most frequently, some gain while others lose as a result of any 
particular social policy. Thus, welfhre economics-the branch of economics dealing
with normative issues-cannot escape the difficult task of weighing the gain of some
members of society against the loss to others. Put differepty, the design of a social 
policy typically involves interpersonal comparison of utilities (gains and losses). 0 

One criterion that does not depend on such comparisons for different individuals
is as follows: a measure that improves the well-being of some (or all) individuals without 
making anyone else worse off is socially desirable. Such an improvement is called a
Pareto improvement. A related notion is Pareto efficiency. An allocation of economic 
resources (or, more generally, a social state) is said to be Pareto efficient if no Pareto 
improvement is possible. That is, an allocation is Pareto efficient if no reshuffling of 
resources can make some people better off without making at least one person worse 
off. Once the society attains a Pareto-efficient allocation, no proposed change can attract 
a unai;imois vote. In general, the term "efficiency" as used by economists means 
Pareto efficiency. I 

The question naturally arises whether economic systems can attain Pareto efficiency.
A system like that in the United States can be described as a market economy in the
following sense: in the marketplace, self-motivated, utility-maximizing consumers ex­
press their demands for various goods and services. Similarly, self-motivated, profit-seek­
ing firms express their willingness to supply these commodities. Competitive markets 
clear when prices are such that supplies meet demands. Adam Smith was the first to 
note that the outcome of this market-clearing process is efficient. He wrote picturesquely
about the "invisible hand," which guides the many consumers and firms in a laissez-faire 
environment, each looking for its own benefit and with no coordination among them,
to an outcome that is good for society. In modern language, market allocations, not 
always but under some conditions to be discussed later, are Pareto efficient. 

An elementary explanation of this result is as follows. Suppose there is only one
individual, whose demand for a particular commodity is represented in Figure I by
the curve D - VIB. The demand curve (as well as the demand curves for all the other 
commodities valued by the individual) is the outcome of the maximization of utility 

t0When one considers a household consisting of two parents to be the smallest unit to be reckoned with 
by society, one encounters a difficulty as to how to define "the utility" of the household. One possiblesolution is to define the household's utility as a function of the two utilities of the parents and to assumethat the resources of the household are divided between its two members so as to maximize this function.This solution was offered in Paul A. Samuelson, "Social Indifference Curves," QuarterlyournalofEconomics 
70 (February 1956), in defining the concept of social utility.
1 It should be noted that the Pareto principle is unambiguously defined only for a fixed-size population.
When the size of population itself is an endogenous variable, the principle is somewhat problematic: What
is the meaning of hurting or making better an as yet nonexistent person? This issue is discussed extensivelyin Marc Nerlove, Assaf Razin, and Efraim Sadka, Household and Ecnnomy: WelfareEconomics ofEndogenous
Fertility(New York: Academic Press, 1087), Chapter 6. This e-.,ay, except for Chapter 8, is restricted tothe comparison of the welfare of the currently existing 'ndlv.uudls, members of the present generation
(who in turn care about the welfare of their offspring). 
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subject to the consumer's budget constraint. This constraint is that expenditures on 
all commodities should not exceed income from all sources. The price along the demand 
curve indicates the amount of money the consumer is willing to pay for tle marginal 
unit of the good. Therefore, the fienand pi ice is just the gross benefit/utility, measured 
:n monetary equivalents, that the consumer extracts from the narginal unit. Hence 
the demand curve can be viewed as the marginal benefit curve, and denoted by MB. 
MB falls as the quantity increases. The sum of the marginal benefits de! ived from 
all the units up to a certain quantity, say, 0, (more precisely, the area under the de­
mand curve), measures the total gross benefit. 12 For example, the area OAHQO is the 
total benefit the consumer enjoys when consuming QI units of the good. 

Figure I also depic's the supply curve for this good. Elementary inicroeconomic 
theory says that the supply schedule is just the marginal cost curve, which is denoted 
as S --MC. Just as the area under the D MB curve measures total benefit, the area 
under the S MC curve measures total cost. For example, the total cost of producing 
01 units is given by the area OFGO. 

The net benefit to 5ociety of ploducin-g and consuming the commodity in question 
is the excess of total benefit over total cost and is rejresented by the area between 
the demand arid supply schedules. This is called net economic surplus. For example , 
the net economic surplus at 0, is FANC. Adan Smith's theorern says that net economic 
surplus is maximized at the competitive market-clearing price, P,, where MB MC, 
as can easily be seen from Figure 1. 

Now, suppose there are many individuals and assute',, that the curve D MB 
represents the aggregate demand (the lorizontal sutn of individual demands) for the 
good. Then the area under the demand curve represents the total benefits enjoyed by 
all members of society, and the arcra between the demand and supply curves represents 
the total net benefit accruing to all members of society. In this case it can still be 
concluded that the total net benefit is maximi'ed at the competitive market-clearing 
price, Po . This result, which essentially sfates that laissez-faire competitive market 
equilibria are efficieint, is the first optimality theorem of welfare economics. ' 

Notice also that if the government intervenes in the marketplace by, say, imposing 
an excise tax, the competitive equilibriutn will no longer be efficient. To see this, 
observe that an excise tax raises the marginal cost curve of the firm by the anmount of 
the tax rate, and a new equilibrium occurs at (,. Notice, however, that the cost of 
production to society does not rise as a result of the tax and hence the marginal cost 
is stili represented, as before the tax, by the ol( MC curve. Thus the net economic 
surplus remains the area between the MC and the MB curves. Therefote, the net 
economic surplus at 02 is o,,ly FAMK, which is lower than the competitive surplus, 
lAB. Society loses KMB, called Harberger's triangle." The excise tax thus creates a 
distortion. The cause of the distortion lies in the wedge that the tax drives between 
the true (social) marginal cust as given rty the MC curve and the marginal cost from 
the firm's standpoint, which also includes the excise ta'. On the other band, a tax 
that does not drive a wedge between private and social marginal costs or b)enefils does 
not distort. A lump-stint iax is an example of such a tax that preserves efficiency. 

12 For this statement to be exact, 010 totus, msurit th, i marginal tutility ol rt tey incufIIe is constant 

so tf",at thle marginal Lbnefits Itcasurdit in inon itaryunits are idded together. these otnetary units then 
represent the same amount of utility.
1l This result has been (lenonstrated within a tather limited partial equilibrium framework. Nevertheless 

the result holds, in a general equiiibriun context, wIth many good, and factors of production.
Arnold C. larberger, "Measuretment of Waste," A ri-an Ec nfoTic 'eview 54 (May l1004): 58 70. 
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Figure I-Consumers' surplus 
P 

A MC + excise tax 

S MC 

Po0 FH 0 

K 

. G D =MB
 

F 

Q1 02 00 

The distribution of the total net benefits among the members of society depends 
on the underlying distribution of ownership of the society's economic resources 'for 
example, labor, capital, land, and shares in firms' profits). This distribution of resources 
determines the distribution of individual demands. The areas under these demand 
curves represent individual gross benefits. Also, the demand curves together with the 
supply curves determine the market-clearing price. A redistribution of initial resource 
endowments will therefore change not only the market-clearing price, Po. but also the 
distribution of net benefits. The "invisible hand" ensures that the new competitive
equilibrium allocation is also Pareto efficient. Thus continuously redistributing initial 
endowments creates a continuum of market allocations that are all Pareto efficient. In 
fact, under certain conditions every possible Pareto-efficient allocation can be obtained 
by aproper redistribution of initial endowments and by letting the competitive markets 
clear.; 5 This result is the second optimality theorem of welfare economics. 

To obtain additional insight into these distributional issues, suppose there are only 
two people, A and B, in society. Consider Figure 2. A distribution of net benefits 
(utilities) isapair (uA, ult), represented by some point in this figure. A point representing 
an efficient allocation is, by de-inition, a point from which no movements toward the 
northeastern boundary are feasible. Thus the locus of all possible Pareto-efficient points 
must be downward sloping, indicating that increasing uA inevitably involves decreasing 

15Perhaps the most important among these sufficient conditions is nonincreasing returns to scale in 
production. 
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Figure 2-The Pareto frontier 
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u B and vice versa. The locus of Pareto-efficient points is called tile Pareto frontier. Any 
point below this frontier is not efficient and any point above it is not feasible. 

Figure 2 demonstrates the weakness, or the limited usefulness, of the Pareto-effi­
ciency concept in comparing different allocations. For instance, C is ail improvement 
over E in the sense of increasing a Pareto efficiency, and should therefore definitely 
be chosen over E. But the criterion of Pareto efficiency cannot be used to choose 
between C and H, because going from C to H improves the welfare of A, but decreases 
the welfare of B. The choice between C and H must therefore involve an interpersonal 
comparison of utilities (weighing the gain to A against the loss to B). In practice, most 
policy options involve exactly this kind of choice. 

A social welfare function, W -1 W(uA,uB), which measures the welfare of society 
from each pair of utility levels (UA , u0), can be used to make choices involving interper­
sonal comparisons of utilities. A choice among allocations (pairs of utility levels) may 
be made according to the social welfare (measured by W) that society derives from 
each pair. Figure 2 describes society's ranking over allocations (pairs of utility levels). 
This is done by drawing a map of social indifference curves. Welfare is constant along 
any such curve. Point K represents the highest welfare attainable by society. It is 
therefore the socially optimal allocation. Note that, by the second optimlity theorem, 
this allocation is also the outcome of laissez-faire competition in the marketplace, 
provided a certain redistribution of the initial endowment of resources is made. 
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4 
EXTERNALITIES AND PUBLIC GOODS 

In the preceding chapter, the validity of the two theorems concerning the relation­
ship between competitive equilibria and Parcto efficiency is qualified by certain condi­
tions. These are principally the absence of externalities and the nonexistence of public 
goods. 

Externalities 
So far, it has been implicitly assumed that an action taken by any one of the agents

(consumers or firms) in the market directly affects only that agent's utility or profit and 
that of no one else. In other words, all the costs and benefits resulting from the actions of 
that agent are fully perceived and accrue to that agent. We say these costs and benefits 
are fully internalized. In this case, self-interested individual decisions were shown to lead,
tinder certain assumptions, to an efficient outcome, that is, a laissez-faire competitive 
equilibrium is Pareto-efficient. 

However, there are many important instances where actions taken by one agent have 
effects that are external to that agent. '[he action of one agent may directly affect the utility 
or profit of some other agent (or agents). In such cases, it can be said that externalities 
exist. Perhaps the most famous example of externalities is that of the fable of the bees. It' 
The owner of an apple orchard produces, of course, apples. But as a by-product, apple 
trees also yield apple blossoms. A neighboring farmer raises bees to produce honey.
However, his bees consume nectar from apple blossoms. In this case, the apple blossoms 
are an '!npriced input into the production of honey. The action of the orchard owner 
generates an external effect on another agent, the honey producer, via the production
of apple blossoms. The apple grower in this case does not capture the full benefit of 
his activity because he sells only the apples but not the apple blossoms. His actions,
motivated by maximizing his own profit, overlook the benefit to the honey producer.
(And, of course, the bees pollinate the apple trees, which is an unpriced benefit to the 
apple grower.) In any case, the marginal private benefit from apple production (accruing 
to the orchard owner) falls short of the marginal social benefit, which is the sum of 
the marginal private benefit of the orchard owner and the marginal benefit of the honey
producer. Thus the action of the apple producer, while "correct" from his perspective,
is "wrong" from society's standpoint. A market failure occurs: a competitive laissez-faire 
market fails to achieve an efficient output of apples. In the apple blossom/honey bec 
example, the external effect is beneficial and is, therefore, called a positive externality 
or an external economy. Of course, in another case the external effect might be harmful,
in which case it is called a negative externality or an external diseconomy. An example
is a chemical firm that dumps its waste into a river, which reduces the catch of a 
fisherman downstream. 

Figure 3 shows graphically why a market failure arises in the apple-blossom/honey
bee example. The curve MPBA represents the marginal private benefit (revenue) accmu­

6James E. Meade, "External Economies and Diseconoiries in a Competitive Situation," Econornicjournal 

62 (March 19521: 54.67. 
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Figure 3-The apple-blossom/honeybee example 
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ing to the apple grower. His marginal cost curve is the curve MC. The competitive 
decision about how many apples to produce is made solely by the apple grower. His 
private profit is maximized at UO, where his marginal private benefit is equal to his 

marginal cost (his profit is given by the area FEC). QO is thus the competitive output 
of apples. lowever, apples also benefit honey production. The marginal vaime product 
of apples (via apple blossoms) in honey production is depicted by the curve, MPB 1 . 

Thus the marginal social benefit of apples is given by the curve MSB, which is the 

vertical sum of MPBA and MPB11 .The efficient output of apples is, therefore, Q*, where 

MSB = MC and the total net benefit to society is FMN. (Compare this to FMKC, which 
is the net social benefit at the competitive equilibrium.) The cause of the market failure 

can be easily pinpointed: the apple producer does not take into account (and justifiably 
so from his standpoint) the benefit, MPB11, accruing to i.he honey producer. 

This discussion immediately suggests two kinds of remedies for the market failure. 

The apple grower can be induced to produce more if his MPB curve is raised by a 

subsidy. If the per-unit subsidy is equal to NR T0* (which is exactly the marginal 
value product of apples in honey production at the eiicient level of output, Q*), then 

the apple grower will produce Q* because his marginal private benefit curve will now 

be the curve labeled "MPB i Pigouvian Subsidy," and it intercepts his MC curve at 

Q*. Such a subsidy is called a Pigouvian subsidy. 17 Another remedv is for the two 

producers to merge. The marginal private benefit of the new firm will be just MSB 

and it will produce Q*. In this case the external effect is fully internalized and no 
market failure arises. 

17The subsidy must be funded by nondistorlionary taxes. In the case of an external diseconomy, the remedy 

will be aPigouvian tax; the revenue from such a tax should be used in a nondistortionary fashion. 
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Figure 4-Marginal benefits and costs of public goods 
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Public Goods 
Most goods are ordinary private goods in the sernse that they can be parceled out 

among different individuals or, at least, among different families. But there are many
goods, such as national defense, television, or radio broadcasts, that ".. all enjoy in 
common in the sense that each individual's consumption of such a good leads to no 
subtraction from any other individual's consumption of the good.""' Such goods are 
called public goods. 

From the point of view of the individual consumer, consumption of a public good
entails utility in exactly the same way as consumption of an orJinary private good does. 
Therefore, as before, one can derive a demand curve for a public good for each individual. 
This demand curve is also the marginal benefit curve. Consider two individuals, A and 
B, whose demand curves for a public good are, respectively, the curves DA = MPBA 
and D, = MPB B, in Figure 4. In this case, any output of the public good is consumed 
simultaneously by both A and B. Hence the marginal social benefit (MSB) at each level 
of output is the (vertical) sum of the marginal private benefit accruing to A (MPBA)
and the marginal private benefit accruing to B (MPB).1'' Plotting the marginal cost 
curve as the curve MC in Figure 4, the efficient level of output of the public good can 
be seen to be Q*, where the MSB MPBA t MPBI, -- MC. This condition of Pareto­
efficiency is known as the Lindahl-Samuelson condition. 

18Paul A. Samuelson, "The [lure Theory of Public Expenditure," The Review of Economics and Statistics 
36 (November 1954): 387. 
19Issues of income distribution are ignored because the analysis concerrs only Pareto efficiency. 
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Can this output be reached in a competitive market? Generally, the answer is no. 
To induce a firm to produce Q*, it must be given the price P* - MSB*. Individuals A 
and B will both purchase the quantity Q* if they pay the prices P* = MPB* and 
P* = MPB*, respectively. That is, each individual must pay a price equal to that person's 
marginal private benefit (at the efficient level of output) and the firm must pocket the 
sum of all the individual prices. Such an equilibrium is called a Lindahl equilibrium. 
However, the problem of "free riding" makes the Lindahl equilibrium virtually impos­
sible to achieve. Usually once the public good is produced, exclusion of an individual 
from consuming it is prohibitively costly. Realizing this, each individual attempts to 
free-ride and the firm will not be able to collect much revenue for its product. Therefore, 
Lindahl equilibria are not viable. Of course, the government can provide public goods 
paid for by imposition of taxes. Whether it can provide efficient levels of public goods 
depends on its ability to measure the true individual valuations (the MPB curves) of 
the public goods. 
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5
 
ENDOGENOUS FERTILITY AND POTENTIAL
 
MARKET FAILIJRE: FALSE ISSUES
 

So far, it has been assumed that utility is derived only from the consumption ofordinary commodities. To come more to the point of this essay, it is now assumed thatutility can be generated from consumption of another "good": children. It is assumed
that parents are altruistic toward their own children so that they extract utility fromthe number and from the welfare of their offspring. Furthermore, the decisionmaking
problem of tile consumer is now extended to include tile number and welfare ofoffspring (endogenous fertility). This chapter examines two potential sources of market 
failure that may arise when fertility is endogenous.

First, if there are pure public goods, such as national defense, basic research, andweather forecasts, the per capita costs of providing these goods fall as the populationsize is increased. Since all enjoy these goods at o.o additional cost, the market may failin relation to population size, resulting in tile inefficiency of laissez-faire. Second, afixed resource, such as land, which must be combined with labor to produce goodsfor consumption, could lead to Malthusian diminishing returns to a larger population
size. This suggests a potential source of external diseconornies and market failure inrelation to population size. It is remarkable that neither of these two potential sourcesleads to market failure when fertility is endogenous; competition leads to Pareto effi­
ciency from the standpoint of the present generation. 2 .


Consider, for the sake of simplicity, a two-period model with 
one parent in thefirst period. It is assumed that the supply of land is fixed, and that tile supply of labor per capita is fixed as well (that is, there are no labor-leisure decisions). Land is usedin each period, together with labor, to produce a single good that can be used either as private consumption (c') or as public consumption (pi) in period i - 1, 2. c, isconsumption by the parent in the first period, while c2 is consumption by each childin the second period. Due to tile Malthusian assumption the amountthat of land isfixed, there is a diminishing marginal product of labor. Assuming that the labor endow­ment is one unit, output is f(l) in where f isthe first period, a production function
that, it can be assumed, exhibits a diminishing marginal product, f' -0 and f- 0. The
parent in the first period bears n children. Therefore, output is f(n) in the second period.
The consumption possibilities of this economy 
can be described by the following
two resource constraints: 

c p, b -f( ); (I) 

nc- p2 b , f(n); (2) 

where b is the quantity of consumption transferred from the parent in the first period 
to children in the second period. Equation (I) states that total output in period I, f( I), 

21 tn fact, the Malthusian external diseconomy of larger population size should not cause any market failureeven when fertility is not endogenous. The reason is that this externality is a pecuniary externality ratherthan a technological externality. Only the latter type of externality causes a market failure, as explained
in Chapter 4. 
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is used for private consumption, cl, public consumption, pl, and bequests, b. Equation 
(2) has a similar interpretation. Implicitly it is assumed that the private good can be 
stored from the first to the second period without cost or returns. These two constraints 
are combined to yield a single constraint: 

c! i nc2 pl i p2 fl i f(n), (3) 

which specifies the overall resource constraint faced by society. 
The government provides the public goods in each period and finances them by a 

lump-sum tax (TI, which is imposed on the parent and all the parent's progeny; that 
is, the dynasty as a whole. Notice that in this mode! a head tax is not a lump-sum tax 
because the number of children is endogenoLs; hence, a head tax should be regarded 
as an excise tax on children. This is the reason for imposing a fixed tax, T, on the 
whole dynasty rather than a head tax on each of its members. The government budget 
constraint is written as: 

p1 p' T. (4) 

The government is thus restricted to a balanced budget over the whole horizon 
rather than a' each period. 2' 

Any arbitrary pair (pl, p2} of public good provisions can be considered, including 
the efficient pair. It will be shown that there is no iarket failure despite a seemingly 
noninternalized benefit from the lower cost per capita of providing the public good 
that a greater population size has. Since any pair of public good provisions is considered, 
the result holds, theiefore, whether or not tire government provides the efficient pair. 

The parent in period I maximizes utility, which depends on private consumption 
(c' and c2 ), public consumption {p' and p.2 ), and the rnumber of children (n): 

u u(c1, c', p1, p 1, n). (5) 

Obviously, the values of p' and p2 are not chosen by the parent but are provided by 
the government. Thus, the parent maximizes his or her utility with respect to c', c2, 
and n, subject to the budget constraint 

nc. 2 2CI V: • nw , TT T, (6) 

where w' is the equilibrium wage rate in period i, and -' is tile equilibriur; land rent 
(i = I, 2) that accrues to the owncrs of the land, that is, to the parent in period I and 
to the children in period 2. The parent who cares about. his or her children makes 
plans for their consumption, taking into account their earnings (nw . ) and the land rent 
f-i.2 ) accruing to them in the second period. The parent also takes into account the 
entire tax bill (T) of the dynasty. The receipt by the children as a group of both labor 
income and land rent is really the key to the conclusion here. 

To examine whether the competitive equilibrium is efficient, consider Figure 5. 
In period I , society consists of the single parent then living. To focus attention on the 

21 In fact, it does not matter here whether tthe government is restricted to a balanced budget at each period 

or only over the whole horizon because the parent cares for his or her children. A; long as the bequest is 
strictly positive, the parent can use the bequest to undo any intergenerationa: distribution of taxes by the 
government. 
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Figure 5-Marginal private and social costs of children 
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issue at hand, it is assumed that the objective of society coincides with the objectiveof this parent, which is to maximize his or her utility (alternative social objectives willbe discussed below). Hence the marginal social benefit (MSB) from tile number ofchildren coincides with the private one (MPB). Next, consider the marginal social costof children. As can be seen from the overall resource constraint of society, equation(3), the marginal cost of n isC2 f' n), where f' is the marginal product of labor. Themarginal child consumes c2 but also produces a marginal product of f'(n). Hence theparent's net marginal cost is c2 - f'(n). Since the marginal product is diminishing, the2curve MSC :- c --f'(n) is upward sloping.
Now consider the marginal private cost of n. It can be seen from the parent'sbudget constraint, equation (6), 2that the marginal child consumes c , but also earns 1wage oiw 2. Hence the marginal private cost of children to the parent is MPC 2 2.-- c wSince the parent ar-l the children are assumed to behave as perfect competitors, thatis, as price-takers and wage-takers, they consider w 2 to be constant. Hence, the MPC 

curve is horizontal. 
Thus the equilibrium number of children is n*. The key point to observe here isthat profit-maximization requires that labor (children) be emplved up to the pointwhere the marginal product is equal to the wage. Since w 2 is tle equilibrium wage,therefore, f(n*) -- w 2 . Hence, MSC equals MPC at the equilibrium number of children,n*. Therefore, MSC is equal to MSB at n*, so that n* is also the efficient number of 

children. 
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Thus public goods and Malthusian fixed land do not cause market failure from the 
standpoint of the present generation when fertility is endogenous. On the other hand, 
endogenous fertility may create a new difficulty: the competitive equilibrium may fail 
to exist. The ability to control fertility may lead a mother who initially has a negligibly 
small effect on prices to believe that she can increase her utility ad infinitum by 
increasing her fertility rate without bound. But if she adopts such a course of action, 
she will no longer have negligibly small effects and her behavior will start to influence 
prices, thus breaking down perfect competition. This point c-in be clearly seen if the 
parent's budget constraint, equation (6), is rewritten as 

i ;c wl n(w2 Co21 , -1 73. T, (7) 

Recall that the parent is unable to affect prices (w2 is a constant parameter). Hence 
she must believe that by setting (if possible) c2 below w2 (thereby making the net 

2return from children, namely w- Cc , positive), she can increase n, cl, and, con­
sequently, u to infinity. But for the economy as a whole, w2 is not constant; it is equal 
to the marginal product of labor, f'(n), which is diminishing. Therefore, no constant 

2w can be consistent with an arbitrarily large n. A competitive equilibrium may fail to 
exist. 

Nevertheless, the possibility of the nonexistence of an equilibrium seems not to 
be plausible in practice. For example, in this case, an equilibrium can be restored by 
assuming that there is some cost of raising children (where the marginal cost is positive 
and increasing). In a reduced form model, this cost could be built into the utility 
function, so that beyond a certain level n stops being a "good" and starts being a "bad," 
implying that there will be then a disutility from children. Alternatively one may assume 
that c2 cannot be lowered below a certain subsistence level. Thus if w 2 is already at 
or below this subsistence level, then the parent can no longer reduce c2 below w2 and 
then increase c', n, and u to infinity. Notice that in this case a competitive equilibrium 
requires the wage rate (w2) to fall to or below the subsistence level. In this case, the 
Malthusian hypothesis is partially confirmed even with endogenous fertility: the wage 
falls to the subsistence level, but there is no presumption that consumption (c2 ) must 
follow suit. 
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6 
ENDOGENOUS FERTILITY AND POTENTIAL
 
MARKET FAILURE: REAL ISSUES
 

Although the obvious cases of externalities when fertility is endogenous do not 
appear to occur, two real sources of market failure arise from bequests in a model in 
which parents care about their children. In the absence of such concern, parents will 
never transfer (bequeath) anything to their children in a world of perfect foresight and 
certainty about the time of death. 

Marriage and Bequests 
Consideration of bequests and of marriage suggests potential sourcea of market 

failure as follows: if bequests benefit both partners in a marriage (as a public good
within a marriage), parents may fail to include benefits to other children's parents in 
deciding on the amount of bequests to make to each of their own children. This suggests 
that there will be external economies generated by bequests within a marriage.

For the sake of simplicity, assume that there are only two families in the current 
generation and only two generations (periods), so that 

ci the consumption of the ill family in the first 

period, 

n= the number of children of the ill, family, 

b= the bequest per child of the itllfamily, 

k= the resources available to the ilh family for 
consumption and bequest, and 

i 1,2. 

The total bequest of two children who marry one another will be the sum of the 
bequests to each child, that is, b1I b 2 . This sum is also assumed to be the consumption

of the second generation. For the sake of simplicity, assume that the two families bring
 
the same number of children into the world, so that the number of children available
 
to marry each other will be identical.
 

Consider first the parents of family I in the first period. Thee parents derive utility
from their own consumption (c,), the number of their children (n,), and the consump­
tion, b, A b2 , of the newly formed family of each child in the second period: 

u ' ul(c, n,, b, i b2 ). (8) 

Observe that b 2 is bequeathed by the parents of family 2, and is beyond the control 
of the parents of family I. Therefore, the latter treats b, as a constant. They choose 
only c, n,, and b, so as to maximize equation (8), subject to the budget constraint: 
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c I- b n, = ki. (9) 

Similarly, the parents of family 2 choose c, n2, and b2 (treating b, as an exogenous
 
parameter), so as to maximize their utility:
 

2 :_ U2{C2 , nn , b, f b2) , (10) 

subject to their budget constraint, 

c, i bn, k2. {1k) 

The competitive equilibrium obtained by the above maximizations by the two 
families can be denoted by 

C ,. , il ni2 hi, bI b.,. (12) 

Now to examine whether this allocation is Pareto efficient. It will be shown that there 
are external economies associated with the amounts of bequests and hence the equi­
librium allocation cannot be efficient. Consider Figure 6. The per child bequests made 
by tile parents of family I (bI ) aie plotted onl the horizontal axis and the units of 
the all-purpose good are plotted on the vertical axis. From the budget constraint of 
parents 1, equation (Q), it can ue seen that the marginal cost of b, is MPC - fil, 
because incrcasing the bequest made to each child by one unit increases the 
total cost by tie equilibrium number of children, fi. Increasing b, by one unit 
increases utility by the marginal utility of the children's consumption, Li . To express 
this marginal utility in units of the good, divide it by the marginal utility of the 
parents' consumption, U. Hence, the marginal private benefit to the parents of 
family I is MPH'3 u1/uL. Therefore, the unconstrained equilibriurn amount of b, is 
b, where MPC MPB. 

Now to look at the marginal social cost and benefit curves in the same diagram. 
The cost of a bequest to society is the same as to the parent, that is, MSC MPC 6i-n. 
However, b, also benefits the parents of family 2 because it increases consumption by 
their children who marry the children of the parents of family I. Hence, tile marginalprivate benefit of bi to the parents of family 2 is MPB2 U/UT marginal social 

benefit of b, is the sum of MPB and MPWB': MSB MPB MPB" ut,/'i U2/U2 
Hence, the efficient level of b, will be b' and not b1. A market failure exists. 

The above discussion also suggests the Pigouvian remedy: MPC should be lowered 
by a proper subsidy to bequests so that it will intersect MPB' at tile efficient level of 
bequest, b*. The rate of the subsidy (s*) should be exactly equal to the proportion of 
the external effect in the MSB, u-,/LI/(Lu u/i/u.l, at the efficient level of bequest, 
b*. A siriiilar subsidy should be applied to b, to induce the parents of family 2 to 
bequeath an efficient amount of b-22 

In the standard case of externalities discussed in Chapter 4, tile Pigouvian subsidy 
was all that was needed. Here things are a bit different. The budget constraints given 
by equation (9) or (I I) show that b is the price of n because each additional child 
costs his or her parent tile arnount b bequeathed to hini or her. (Similarly, n is also 

22 Another remedy would be to initernaliz th. cxternality. This can b0 accolt)lishtA d if marriages are 

arranged by parents who also negotiate with each other ' .. Collectivt amount of bequest of both families.ti 
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Figure 6-Marginal private and social benefits and costs of a bequest 
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the price of b.) Hence, subsidizing b distorts the parents' decision about the number
of children to have because it lowers their private cost (but not the social cost). For
instance, the budget constraint facing the parents of family b now becomes 

+ b,(I - s)Mn = kM. (13) 

To correct this distortion, children must be taxed directly so that the marginal private
cost of a child will equal the marginal social cost. To find the appropriate amount of
the tax, consider Figure 7, where the optimization of the number of children for the 
parents of family I is considered. The marginal private benefit of n, is the marginal
utility of n,, that is, u21. Expressed in terms of units of the all-purpose good, it isMPB = ul/uu. This is also the marginal social benefit of n, MSB, since the number 
of children in family I does not affect the welfare of the other family. The marginal
cost of n, to the parents of family I is the cost of the bequest to their children, which 
is MPcG b - However, the marginal cost of nn to society is just that Fo,is,l(I b*)u 
MSC = b*. Therefore, to induce the parents of family I to bear the efficient number 
of children, n, a tax of bs* must be put on each child. 
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Figure 7-The marginal private benefits versus the marginal private and 
s~cial costs of a child 
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In many parts of the world parents do, in fact, bargain with each other about what 
they will give their children. The economics of dowry and bride price, which has been 
considered in discussions of polygamy, is related to this discussion. 23 

Transfers Among Siblings 
When children have different abilities, investments in their human capital are not 

equally productive. If parents cannot enforce transfers among their children, an egali­
tarian attitude may lead to inefficient investment in human and nonhuman capital. For 
example, the parents may be led to invest too much in the human capital of low-ability 
children so that they will be equal (in their utility) to their more able siblings. Thus a 
second source of potential market failure arises from the inability of parents to control 
the actions of their offspring after a certain point. In particular, they cannot enforce 
transfers among siblings. Parents who care about their children may wish to transfer 
resources to them. These transfers can take several forms, such as direct transfers of 

23 See Ester Boserup, Women's Role in Economic Development JLondon: St. Martin's Press, 1974); and 
A. Grossbard, "The Economics of Polygamy" (Ph.D. dissertation, University of Chicago, 1978). 
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consumption (bequests), or indirect transfers made by investing in the human capital
of the children, investments that increase the future consumption-possibility sets of 
the children. The most efficient method of transfer may depend ol the specific charac­
teristics of the, IJ. Thus, parents may wish to use different methods of transfer for
different childreii. FurUiermore, it may be more efficient to make transfers (via invest­
mert in human capital) to only some of the children and force them later in life to
make transfers to the other siblings. But this mode of transfer to children depends on 
the parents' ability to enforce the required transfers. This poses a difficulty that cannot
be eliminated by appeal to Becker's "rot,'en-kid" theorem or by appeal to vaguely
defined social norms. 2" Becker and Tomes note the difficulty but suggest in passing
that "...social and family 'pressures' can induce... children to conform to the terms 

'
of implicit contracts with their parents. "' Such norms might be effective in some 
circumstances in some societies b,( they have certainly not generally been effective 
even in ancient societies {as the biblical episode of Cain and Abel attests), let alone in 
modern societies, 

The most important case in which equal transfers to siblings ar. not efficient even

for parents consciotia of equity among their children is when children differ intheir
 
abilities. It might be most efficient to inves: only in the hImman capital of the children
 
with greater abilities if parents could guarantee tIat these 
 children vould later on

transfer part of the return to this investment to their less able siblings. However, if

the parents cannot enforce transfers among siblings, then they may not be able to take
 
advantage of high rates of return to investment in the hit man capital of their more able
 
children. In thi; case, transfers in the form of investment in htman capital from parents

to children will be too low relative to bequests inthe foro of physical capital. Moreover,

the investment in luma n capital will be inefficiently allocated antong the children in 
the sense that the rates of return are not the sane for all children. 

A social pianner who can identify ability catl devise a system of taxes and transfers
based on ability iti order to achieve an eficient allocation of resources. HOwever, when 
identification of more able and less able children is impossible or prohibitively costly

to a!l
except for parents themselves, a Pareto-efficient solution to the problen of optimal

investment iti human capital and 
 bequests cannot be achieved. 

It cali be shown that a linear tax on earned income and a subsidy to inheritance
 
are Pareto improvetnents even though they do not lead to Plareto efficiency. They are,

therefore, second-best corrective policies. Such policies make the parents better off

because they redistribute incone from more able to less able siblings and allow parents

to allocate the investments in Iiu tiian and physical capital that they make 
on their
children's behalf more efficiently. Other poicies, slch as public investment in human 
capital or a tax/subsidy for education, can be shown to be Pareto interior relative to
 
the laissez-faire solution. Public investment inhuman capital (for example, free educa­
tion) is redundant as ho g as parents invest positive amotnt inchildren of :llabilities 

2,1Gary S.Becker, "Altruism, i., s itid I n tio titt t.-,: cnroiirtic , s(io lnr nil emicm t imil tn 
Literture 14 ISeptembei t0 ): ,l17 26; ind lack li ihiier, "ShAk,.,p,,ir n. tcker oni Altruism:
The Importance of ltavih, Word,"the Last Journa l otI:e notnI laraturn, 15 l c' I 771: 50 502. ft{'"rotten kid" ttheorett states essentially I'LsII mtfrstiv thethat .when Mere i ill etise (i triua.Ierrin positisw.
resonces intiir cl drin, the latter hav the ncenive toac, is their par'nt,,wist altrtutilical toward
each other, even it titY i(-really purely egotisticil. the. tIhurin c-l rty d e( [lot caseapply inl thi. silce
the resources would have already beei irainerred at the time i ohe (heired ac(ini. 

Tot25 Gary S.Becker itnt Ni;:,elies, "Child titdrwit itt.ts ml Ihti(}aiility ild (iualily of (hildreii,"Journal 
of Pol'al Economy 84 (August tP076): St142 S163. 
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because parents can always undo the effects of such a policy by reducing their invest­
ments in the human capital of their children dollar for dollar. Instead of direct govern­
ment investment in human capital, a subsidy to education might be considered. Such 
a subsidy in the first period must be financed by a tax in the same period if the 
government cannot transfer resources from the future to the present. Moreover, it 
creates a distortion by artificially lowering the cost of education to the parents. This 
distortion can be shown to lower the welfare of the parents. 

Interestingly, an income tax is proposed here as a partial remedy to the inefficiency 
of the laissez-faire solution that arises when parents cannot enforce transfers among 
their children. Such a tax can be shown to improve the efficiency of the laissez-faire 
outcome. Recall that a progressive income tax is usually supported on equity grounds. 
It is viewed as a second-best tool of redistributing income from the rich to the poor,

' as in the optimal income-tax literature. 21 There, a smaller pie is traded for a better 
(more equal) division of it by means of the income tax. In the present case, however, 
the income tax is justified on pure efficiency grounds! 

21 See J.A. Mirrtees, "An Exploralion in the Theory of Optimum Income Taxation," Review of Economic 
Studies 38 (April 10711. 175-208; and Efraito Sadka, "On Income Distribution, Incentive Effects and 
Optimal Taxation," Review ofEconomic .Studies 43 Uune 1Q76): 261-208. 
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7 
CHILDREN AS A CAFTAL GOOD 

This chapter considers the "old-age security hypothesis," which essentially views 
children as a capital good. 27 In the words of T. W. Schultz, "children are 'the poor 
man's capital'" in developing courtries. 28 Becker writes that ". . .it is possible that in 
the mid-nineteenth century children were a net producer's good, providing rather than 
using income."'2 Q Neher and Willis develop the idea that parents in less-developed 
countries are motivated, in part, to bear and rear children because they expect children 
to care for them in old age. 30 

The old-age security hypothesis states that better access to capital markets unambigu­
ously reduces the demand for children because children are then a less important 
means of transferring income from the present to the future. For instance, Neher writes 
that ". .. the good asset (bonds) drives out the bad asset (children)." 3 1 

A Simple Model of Old-Age Security 
With No Capital Markets 

Suppose that parents live for two periods. There is a single all-purpose good that 
is produced by labor alone. Each parent is endowed with an amount of labor capable 
of producing K, units of this all-purpose good. A parent has children during the first 
period, each endowed with an amount of labor capable of producing K2 units of the 
good in the second period, when the child grows up. Each child consumes x, units in 
the first period and x, units in the second period. For the moment, assume that the 
parents do not care about the welfare of their children. They merely view them as a 
capital good intended to provide them with old-age consumption in the second period 
of their lives when they can no longer work. Consequent!y, the utility of either parent 
is assumed to depend only on and , his or her first-period and second-period consump­
tion, respectively: 

u =--u(, ). (14) 

Thus, x, and x2 are assumed to be exogenously given (at conventional or subsistence 
levels). 

27 This chapter is adapted from Household and Economy: Welfare Economics of Endogenoas Fertility, by 
Marc Nerlove, Assaf Razin, and Efraim Sadlka. Copyright 1087 by Academic Press, Inc. Reprinted by 
permission of the publisher 
28 Theodore W. Schultz, ed. lconomics of the Family: Marriage, Children and Human Capital(Chicago 
and London: National Bureau of Economic Research, 1074).
2" Becker, "An Economic Analysis of ertility."
 
10P. A. Neher, "Peasants, Procreation, and Pensions," American Economic Review2 (June I071): 380-380;
 
and J. R. Willis, "The Old Age Security Hypothesis and Population Growth," in Demographic Behavior:
 
Interdisciplinary Perspectives on Decision Making (Boulder, Colo.: Westview Press, 1980).
 
31 Neher, "Peas3nts, Procreation, and Pensions."
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A parent can then use the output he or she produces iithe first period for consump­
tion ( j, for investment in n children (nx,), and for investment in physical or financial 
capital (s). Thus a parent faces the following budget constraint in the first period: 

Ki = nx1 -_ S. (15) 

The investment in edch child yields a return of K2 - x 2 units of the all-purpose 
good in the second period. This return is simply the output of the child less its consump­
tion. It is assumed that K2 --x2 -0, for otherwise it does not pay to invest in children. 
Thus the parent's consumption in the second period (a), is given by 

r.n(K, x 2) (I + r)S, (16) 

where r is the real rate of interest. 
In this subsection, it is assumed that no capital markets exist so that children 

become the sole form of capital and are the only means of transferring consumption 
from the present to the future. Consequently, 

Solving equation (15) for n, 
set S 0. 

n (K1 S)/x (17) 

and equation (16) for n, 

n -- - (I i r)Sj/(K2 --x2 ), (18) 

equating equation (17) to equation (18) (recalling that S = 0) yields the p,;rent's con­
sumption-possibility frontier (between c and ): 

- ((K2 x,)iK )/x1 . (19) 

The interpretation of equation (I9) is straightforward: second-period consumption 
for the parent is maximized by consuming nothing in the first period ( - 0) and 
investing all of the endowment, K,, in K1/x, children, which, in turn, yields 
(K, --x2)(K,/x ) in the second period. Notice also that (K, x,)(K1 /x) is the future 
value of the parent's lifetime income measured in units of future consumption. A unit 
of present consumption (c)is a unit of forgone investment in children. Therefore it 
has an opportunity cost in terms of future consumption. This cost, (K, x2)/x ,is the 
return to a unit of investment in the all-purpose good in children: investing one unit 
of the all-purpose good in children means bearing I/x, children who each yield K, x2. 
The parent's consumption-possibility frontier is depicted in Figure 8. 

The parent chooses that point on the consumption-possibility frontier that maximizes 
his or her utility function. This is the point (<*,V*) in Figure 8 where an indifference 
curve, u( , ) ---constant, is tangent to the consumption-possibility frontier. Once the 
parent chooses the optimal consumption bundle (t*, * , the optimal number of children 
(n*) is determined from equations (17) or (18): 

n* (K] c )/x, */(K, x,) (20) 

The following example illustrates the result. Suppose the utility function (equation 
1141) is of the Cobb-Douglas form 
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Figure 8-Equilibrium demand for consumption over two periods 

K,(K X221A2 

constant 

: I(K ­ (K2 X2 ) 

C-* K 

u~e l=ei- ~ , (21) 

where a fraction, (x,of lifetime income, KI (K2 x2)/x ,is spent on present consumption
( )and the remaining fraction ( I 

­

(x)isspent on future consumption Re). Consequently,
the parent chooses 

c* = ,xfK[(K, x,)/x1(/I(K2 x1)/x] 'jxK; (22) 
V - ( -)f[K(K 2 x,)/x,; and (23) 

n* -- (KI )/x1 [(I ,%)KI/x I . (24) 

A Capital Market With an Exogenously Given 
Interest Rate and No Borrowing 

Now drop the constraint that S : 0. Suppose there is a capital market in whichparents can invest their savings. There isnow an alternative to children for transferring
present to future consumption. But no borrowing is yet allowed, that is, S can now Depositive, though it still cannot be negative: S 32 0. The real return to savings is r. 

One cdn envision this as opening access to an international capital market with a given rate of interest 
in which the residents of the small underdeveloped country can invest their savings but cannot borrow. 
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Recall that for the moment the parent does not derive utility from the number or 
welfare of his or her children. Therefore, parents will not invest in children if the 
return that they yield, (K, x )/x is lower than the alternative return, 1 f r, in the 
capital market. Assume that K), x., and x, vary by family. Parents will choose to have 
no children if x? or x, is sufficiently high or K, is sufficiently low, so that 

(K, x )/x, I r. (25) 

ption from thr fulu tl , 
market (that is, they will choose a positive S). On the other hand, parents for whom 
the inequality is reversed, so tha: 

Instead, they will transfer consumu lh.,- present t V!,i c tal 

(K, x,)/x I , r, (26) 

would actually like to borrow in the capital market at the low rate of interest, r, in 
order to invest in the high-yield asset, children, but they cannot. Hence, they will 
choose to make S 0. These parents are not affected by the introduction of this 
one-sided (lending only) capital market. Consequently, they will choose the same 
number of children as before. 

Since if there is a capital market some families (those for whom equation (25) 
holds) will choose to have no childr-eni, while some faiilies (those for whom equation 
(261 holds) will choose to have the same nu mber of children as they would if there 
were no capital market, it follows that the total population must be smaller with a 
capital market than without one. This isthe essence of he old-age security hypothesis. 

The Old-Age Security Hypothesis Reconsidered: 
An Endogenously Determined Interest Rate 

The analysis of the preceding section demonstrates that tie old-age security 
hypothesis is a partial equilibrium result: the interest rate, being exogenously given, 
did not clear the capital market; some families had positive savings while others who 
wanted to dissave were constrained not to do so. In this section, a perfect capital 
market is introduced in which people can both lend and borrow and in which the 
interest rate is determined to clear the market at equilibrium. Total savings equal total 
dissavings: the total suppiy of funds of those who save is equal to the total demand for 
funds of those who dissave. 

In this case some families may indeed, as in the preceding section, choose to have 
no children if the capitil market offers them an investment opportunity with a higher 
yield. But other families may now use the capital market for borrowing in order to 
invest more in children. Thus the introduction of a perfect (two sided) capital market 
may well increase rather than decrease the number of children, contrary to the old-age 
security hypothesis. In the absence of a capital market, all families transfer resources 
from the present to the future through their children. With a capital market, only 
families with high rates of return on children (relative to tile interest rate) continue 
to use children as a tneans of transferrinig resources from the present to tile future. 
The other families with low rates of return on their children can also enjoy these high 
rates of return on children by lending to the families that have them and letting them 
invest in children. Thus families with a high rate of return on children invest in children 
not only for themselves, but also for families with a low rate of return. The introduction 
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of a capital market allows the economy to use children as a capital good more efficiently.
Consequently, the economy may invest more in children. This is exactly what happens
in the next example. 

Suppose that there are only two types of families (A and B) who both have theCobb-Douglas utility function of equation (2 11. The two families have the same endow­ments (K, and K,), the same second-period child consumption (x ,, but different first-pe­riod child consumption (x,' and x1'). Assume that x'} x1II, so that the return on invest­
ment in children is higher for family B than for family A: 

(K, x.,)/xi (K x V/x 

The earlier example showed that in the absence of a capital market the number of
children in each family (see equation 1241) is given by: 

n*' J(I (d KI I x , (27) 

where i A, B. (Note that the family with the higher return on children chooses tohave more children.) The aggregate number of children in this case (N), can be found 
from equation (27): " 'N' n - n (I }K I(I' l/X {28) 

Now a capital market is introduced that allows both lending (S -0) and borrowing(S- 0) at the market-determined real interest rate of r. The equilibrium r )ccurs whenthe savings of one family are equai to lie dissavings of the other family. If I r islower than the return on investment in children, (K, x,j/x , for some family, thenit pays that family to borrow (and invest in children)( indefinitely, thereby increasingfuture consumption indefinitely. But this cannot be an equilibrium. Thus, the equilib­rium interest rate (r" *) cannot fall short of the rate of return on investment in children 
for any family: 

I , r** (K, x )/xF (K, x.,/x' . (29) 

Now, if the first inequality in equation (2Q) is strict, then both families have zerodemand for children (because the rate of return on children is lower than the rate ofinterest). In this case, both families will want to save as this becomes the only meansof securing positive second-period consumption, which is essential given the Cobb-Douglas specification of the utility function. But tile capital market cannot be in equ ilib­
rium when both families save. Thus, at equilibrium, 

I , r** (K, x.,/x 1 (K., x.,/x. . (30) 

In this case, family A will choose to have no children, n' *A 0 because it is betterfor it to invest in the capital market. The first-period and second-period budget con­
straints, equations (15) and (16), now become:
 

'KI S, (31) 
and 

I=(1+ r)S. (32) 
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These two constraints can be consolidated into one present-value, lifetime budget 
constraint: 

K, = +-f/( I + r). (33) 

Maximization of the utility function, equation (21 ), subject to the budget constraint, 
equation (33), yields the optimal levels of , , and S for family A: 

**A = (YKI (34)' 

c*A = (1 - Y)K1(l 4-r), (35) 

and 

S**A =KI -*A 1 -I(l)Ki . (36) 

Family B is indifferent between investing in the capital market and investing in 
children (because [K2 - x2]/x : I - r**). The consumption of this family is given by 

V:*B = tyKI (37)' 

and 

V O, _(I -_ (v)KI (1 -r* ) (38) 

For equilibrium in the capital market, family B must dissave, that is, family B must 
borrow in the capital market in order to invest in children (because family A has a 
positive S). Accordingly, 

s** ... S**A :. (I ... (x)KI . - (39) 

In order to find the number of children of family B,substitute cuations. 137) and (39) 
into the first-period budget constraint, equation (15), to obtain 

-2c* * B  n**l - (KI s**B)/xl ---: 12H -{ )KI/xiI. (40) 

The aggregate number of children (N**) in this case is found from equation (40) 
and the condition that n**A 0: 

N** _ n**A n - 2(I -- KIJ/x. (41) 

Comparing N* to N4** from equations (28) and (41), it can be seen that 

N = 12(1 - ()K/x = (I -y)KK (I /xI I/xl) 

> (I - a)K, (l/x + I /x B) = N*. (42) 
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Thus, the introduction of a capital market increases, rather than decreases, the number 
of children, contrary to the old-age security hypothesis. 33 

Income and Substitution Effects With
 
Endogenous Fertility
 

So far it has been assumed that neither the number of children nor children's
welfare entered the parents' utility function. If, however, parents do care about their
children, it can again be shown that there is no presumption that the existence of a
capital market will lead to a smaller demand for children than the absence of one. 

Suppose, then, that the utility function is 

u - u (C, e,xl, x2,n), (43) 

so that parents care about the number of their children, n, and their children's welfare,
which, in turn, depends on the children's consumption, x, and x2 . The parents now 
choose x and x2 as well as n, c, and . 

In this case, the introduction of a capital market for transferring present to future 
consumption may plausibly increase the demand for children even in a partial equilib­
rium setting of the kind employed above, where the interest rate is exogenously given
and there is no dissaving. This is because better access to capital markets increases
welfare and thus may create a positive income effect on the desired number of children.
This effect may dominate the negative substitution effect (as shown above) that better 
access to capital markets may have on the number of children.

In conclusion, better access to capital markets, by itself, need not imply theoretically
a lower population growth rate. Empirical research focused on developing countries is
needed on the old-age security hypothesis to establish what effect improvement in 
capital markets has on the population growth rate. 

33Readers familiar with international trade theory, "'.ecognize the result obtained in this example. Sinceoperating en the capital market requires that a leno.r has to find a borrower (and vice versa), it involves
trade between individuals. Thus the absence of a capital market corresponds to the familiar autarky equilibrium of trade theory, where the relative prices (that is, rates of return to investment) between autarkic
individuals differ. Opening capital markets, that is, allowing lending and borrowing between individuals,brings about a common equilibrium rate of return. In standard trade models under usual assumptions, the
equilibrium price after trade will liein the interval between the two autarky prices. Conpared to autarky,
however, the output of one commodity will be lower in i trading equilibrium in the home country and
higher in the foreign country, and the output of the second commodity is higher at home and lower abroad.But there is nothing to preclude the loss of output of either commodity in one country being more thanoffset by the gain in the output of the same commodity in the other country. Indeed, in the classic Ricardian
world, after trade, England, specializing in linen, may produce more linen than she and Portugal together
did in autarky. Thus, world output of linen may be higher than in autarky. Similarly, opening up capitalmarkets may raise rather than lower the total number of children. We are indebted to T.N. Srinavasan 
for pointing out this parallel. 
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8 
SOCIALLY OPTIMAL POPULATION SIZE: 
BEYOND THE PARETO PRINCIPLE 

Criteria for a social optimum usually concern choices in which the number and 
identity of the individuals are given: in this case, although there are many difficulties 
of comparability, the criteria are otherwise unambiguous. 

The classical utilitarian criterion is to maximize the sum of individual utilities: 
fl 

W t(u1, ... , u ) >. iuh.h I 

W B can be called a Benthamite social welfare function. Since scaling all utilities up or 
down by a constant multiplicative factor does not affect any essential property of W if 
n is known, this criterion does not differ from the maximization of average or per 
capita utility: 

n 
WM(uI, ... , ul) = I/nhI uh. 

h I 

WM can be called a Millian social welfare function. But in a situation in which different 
choices produce different sizes of population, the two criteria can lead to different 
conclusions. For example, suppose that the question is whether to add an additional 
person to the existing population. If the utility of the additional person called into 
existence is positive but less than the average of the population in the status quo, then 
adding the person will produce a greater total utility but a smaller average. 

The purpose here is not to decide what criterion should be used but rather to 
compare these two with each other and with the laissez-faire solution when fertility 
is endogenous. The analysis shows that the Benthamite social welfaie function always 
leads to a larger population than the Millian criterion, and that the laissez-faire solution 
can yield a population either larger than the Benthamite or smaller than the Millian. 
The analysis is made for a two-generation case, bu: the result can be extended to any 
finite number of generations and to an infinite number of generations, provided only 
that the infinite-generation case is restricted to stable population growth paths (so that 
the relationship between two consecutive generation. is always the same). 

Consider an economy with two generations, each consisting of just one type of 
consumer. In the first period, there is only one adult. He or she consumes (together 
with the children) a single private good (c 1). He or she also raises identical children 
who will grow up in the second period. He or she dies at the end of the first period 
and bequeaths b to each one of the children. The number of children (n) that are born 
in the first period is a decision variable of the parent living then. The number of persons 
living in the second period is n. Each one consumes a single private good (c2 ). It is 
assumed that the parent cares about both the number and welfare of the children. 
Therefore, the children's utilities are included in the parent's utility function. In a 
reduced form, the parent's utility can be written as 

u = u'Ic 1, n, u2 (c2 )1. (44) 
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2ul is concav in cI and u2; u is increasing and concave in c2; both ul and u2 are 
nonnegative (people enjoy positive happiness). ul is also increasing in cl and 2u , but 
it is not necessarily increasing in the number of children, n. Assume that the parent
lives only one period and has a budget constraint of 

-cl tnb : K; c', n 0, (45) 

where K is the parent's initial endowment, which is nonrenewable and does not 
depreciate over time. This is like having an exhaustible resource capable of producing
K units of consumption. File exact specification of supply is not important for this 
problem although for some issues it would be important to introduce production and 
capital accumulation. 

Assume that children ar, hot r;w, no endowment. Thus the exhaustible resource 
has to suffice for the consumption of the current generation and all future generations.
The children's per capita consumption istherefore equal to their per capita inheritance: 

c' b. (46) 

Although tile bequest, b, is riot restricted to being nonnegative, it is immediately 
seen from equation (46) that it will never be negative. Thus institutional arrangements
that do not allow b to be negative-parents cannot obligate their children to pay their 
debts-are superfluous here.
 

The constraints given by equations (45) and 
 (46) can be consolidated into one 
budget constraint for the parent: 

cl ' nc2 - K. (47) 

A competitive or laissez-faire allocation (LFA) is obtained when the parent's utility
function, equation (44), is maximized with respect 2to cl, c , and n, subject to the 

21.budget constraint of equation (47). This allocation is denoted by (ci', c , n').
In this model the Benthamite social welfare function is defined by: 

2B(c1, c , n) u I jcl, n, u 2 (c 2)J + nu 2(c 2 ). (48) 

2As mentioned, it is assumed that there is diminishing marginal utility of cl ano c , that 
is, uhl,u2 , 0, where the subscripts stand for partial derivatives. A Benthamite optimal
allocation (BOA) is obtained by maximizing equation (48) with respect to c1, 2, andc
n, subject to the economy-wide budget constraint, equation (47). This allocation is 
denoted by (c", c21, rilT). 

The Millian social welfare function, namely the per capita utility, is 

M cl,c 2 ,n) - u (c',n,u nu2(c 2)'/(I in) - B(c',c 2, nU/(l i n). (49)u- 2 (c2 )) 

The Millian optimal allocation (MOA) is obtained by maximizing equation (49) with 
respect to c', C2 , and n, subject to the resource constraint of equation (47). This 

2 5allocation is denoted by (clM, c , nM).
It is important to emphasize that it is assumed that the parent's utility function 

represents his or her interest (for example, happiness from being a parent, guilt relief 
in providing for the children, and so on) rather than his or her moral (social) preferences 

40 



(for example, believing that it would be wrong to have children and let them starve). 
This is why nu2 (c2) are added to u' )c', n, u2 (c2 )J when the Benthamite and Millian 
social welfare criteria are defined. In this way, children are seen as having more than 
just an instrumental role in society, that is, they are persons and individuals and not 
just the means or instruments by which parental welfare is affected. 

One would expect that when the total happiness of society is maximized rather 
than the average happiness of its members, optimal population size will be larger. This 
is indeed the case: n i nn. To prove this, observe that Doth the BOA and the MOA 
satisfy the same resource constraint, equation (47). Since the Millian allocation 
maximizes M and since M - B/( I i n), it follows that 

21B(cIM, c', nN')/( I i nM) " B(c i1 , c , ni')/(l ! nil). (50) 

Since (cl',i c211,ni ) maximizes B, it follows that 

B(clil', c fill) - B(c M , c2M,riM). (51) 

Therefore, 

(I i- nN)/(1 i ntil) B(cl'ki, cPA, nt )/B(c' B, c21, nil ) --- I, (52) 

" from which it follows that nil n,". 
Since the Millian criterion calls for maximization of the average utility, intuition 

suggests that laissez-faire results in overpopulation. Although this may be tri.e under 
some circumstances, it does not hold in general. Since the LFA satisfied the same 
resource constraint, as does the MOA, equation (47), it follows from tiie definition of 
the MOA that 

2M 21 M(c IM, c , nNi) M(c', c , nl). (53) 

Since M = B/(I - n), it is implied by equation (49) that 

2 1 - (l i 21.,B(cIM, c , nm) nM')/( I + nl')IB(c , c nl' ). (54) 

Since u2 > 0, it also follows that 

B(Cl I ., 21., ni.)c - uL[ci, ni., u2e(c211] i nl u2(C 2 1.) 

ul'c'i , nL, U2 (c 21")]j ulicIM, 0 m, U2 (c 2 M)J (55) 

21 because (c' l , c -, nl ) maximizes u', subject to the overall resource constraint, equation 
(47). Thus it can be concluded from equatinns (54) and (55) that 

B(c'M, c M , nM) - 1(I in )/( I nl) ulJc M nm, u2(22M)], 

so that 

34 This method of proof was suggested by T. N. Srinivasan. 
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(I + nM)/(l + nL) B(clM, C2M nM)/uIJcIM, nM, u2(c2M) ] 

,Ju I[CIM, nM, U2(c2M)j + nMU 2 (c2M) /UIlcIM nM, u2(c2M)] 

±-{n1u= + 2 (c2 M)/ullcIM, nM, u2(c2Ni)J(. (56) 

Since the extreme right-hand side of equation (56) is strictly greater than 1, it is
impossible to say anything about the ratio on the extreme left-hand side; in particular,
it cannot be concluded that nL >nM. 

Sice the Benthamite criterion calls for a maximization of the total utility of parents
and children while the competitive allocation maximizes the parent's utility only,
intuition suggests that laissez-faire leads to a smaller population than the Benthamite
optimum. However, this is not necessarily true: when nu2(c2) is added to the parent's
utility, as suggested by the Benthamite criterion, increasing the product nu2(c2) is
indeed desirable; but it does not follow that both n and c2 need be increased. 

To see this, observe that it follows from the definition of the LFA and the BOA that 
, lullc i , n , u2 (c 21.)j I c' B, u2(c2 )1, 

and
 
B
ujcIB, n , u2(c2B)l + nBu 2 (c2B) u'1c'', n1 , u2 (c21 l .. 

Hence, 

n Bu2 (C213) n u 2 (c21.). 

Thus, indeed the total utility from children (nu 2) must be larger at the BOA than at
the LFA. But it does not follow that nl-nL. 

The assumption that fertility is endegenous allows consideration of noncoercive
policies aimed at moving the economy from the LFA to either the BOA or the MOA
by changing the incentives (prices) that parents face. Notice that the need here for 
government action, unlike in the externality case, is not warranted because of a market
failure. The LFA is indeed efficient. It is located on the Pareto frontier of Figure 2.
Government action is needed only to move to the socially optimal allocation, which is
another point on this frontier. 

All possible direct and indirect taxes and subsidies are considered candidates for
the optimal policy. Notice that children themselves are a "commodity" and may be
subject to a tax or a subsidy. As explained in Chapter 5, a head tax is not a lump-sum
nondistortionary tax as in the traditional economic literature with exogenous population.
Here such a head tax affects ferti!ity decisions on the margin.

Among the set of possible direct and indirect taxes and subsidies to achieve a social
optimum, subsidies for future consumption and child allowances (positive or negative
to encourage or discourage having children) are necessary. It can be shown that a
subsidy for future consumption (c2) is warranted under both the Benthamite and the
Millian criteria; a positive child allowance is necessary under the Benthamite criterion,
but the child allowance needed under the Millian criterion may be positive, zero, or 
negative.

Although the remedies that are needed here are not necessitated by externalities, 
a similar apparatus can nevertheless be employed to derive them. The difference
between the social welfare function and the parent's utility implies that marginal social
benefits (as derived from the social welfare function) will, in general, be different from 
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Figure 9-Optimal numbers of children and their consumption with a
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marginal private benefits (as derived from the parent's utility). This is why techniques 
can be used here that are similar to those used in the externality case. Consider first 
the BOA. It is obtained by maximizing 

U'CIcl, n, U2 (c2 )] + nu 2(c 2), 

subject to the resource constraint: 

k - cl - nc 2 = 0 

(see equations [47] and [48] above). 
The marginal cost of c2 is the same for the parent and society. It is derived from 

the budget constraint, equation (47), as the number of children. The MSC = MPC 
curve is drawn in Figure 9. However, the benefits differ. For the parent, the marginal 
benefit (MPB) is the marginal utility that the parent derives from c2 , which is u3u. 
Expressed in units of the all-purpose good, MPB = u1u /u1. However, society extracts 
utility from children not only via the parent's ability, but also directly via the term 
nu 2. Hence MSB = MPB + nu2/ul. Thus the Benthamite optimum consumption per 
child is at c213, where MSB - MSC. To support this amount of consumption, the parent's 
cost of c2 should be lowered by an appropriate subsidy, so that the MPC curve will 
intersect the MPB curve at c2

B. Similarly, the marginal social benefit of children exceeds 
the marginal private benefit of children because of the term nu 2, which is added to 
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Table I-Optimal policies under the Benthamite and Millian optima 

Benthamite Optimum Millian Optimum
Policy Allocation Allocation 

Subsidy to children's 
consumption u/u: /u i .0 

' 2 2
Child allowance u2/u c Hu2/u -. 0 2 /u 2 .2 u I nMu 2
 

i I--JI/ 
 c Ulu: I nmJuI 

Note: The derivation of these formulae is given in the Appendix. 

the parent's utility, ul. Hence, a child allowance is needed in order to support the 
BOA. In a similar fashion, one can derive the appropriate measures needed to support
the MOA. The exact formulae for the policies needed to support the BOA and MOA 
are given in Table I. The derivation of these formulae is in the Appendix. 
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9 
DIRECTIONS FOR FURTHER RESEARCH 

This report has explored only the simplest feature of endogenous fertility in a purely 
static context. 35 As a postscript to this investigation, several promising directions of 
further investigation are outlined. These are, first, the general theory of tax and transfer 
policy that considers family size and composition Second, alternative provision and 
finance of public goods. Third, intragenerational income distribution with household 
production and endogenous fertility. Fourth, heterogeneous family preferences. Fifth, 
uncertainty with respect to child quality. And lastly, the implications of endogenous 
fertility for population dynamics. 

Tax and Transfer Policies 
An extension of the basic model to emphasize the population aspects (quantity and 

quality) of tax policies can be made as follows. One wants to devise an income tax 
schedule that depends on family income, family size and age composition, and quality­
improving expenditures. Consider a stylized model of overlapping generations in which 
each family lives for three periods: a representative individual is born in period I, 
during which he or she has no income of his or her own; the individual works (earning 
I, which depends on the individual's human capital stock) and bears children in period 
2; the individual retires in period 3. In period I, all decisions with regard to consump­
tion, education, and so forth are made by the individual's parents. In period 2, the 
individual decides the number of children to have (n)and how much to invest in them 
(z), how much the family shall consume (c2 ), and how much to save for retirement 
(s). In period 3, the individual decides how much accumulated savings plus any transfer 
income (social security benefits) to consume (c3) and how much to bequeath to his or 
her children (b). Ageneral tax-transfer function can be represented by a vector function: 

T= (T2,T,) = {T2(1,n, z, s, ), T Is(I r), bI}, 

where r is the interest rate. This function incorporates various tax-transfer instruments, 
such as income or consumption taxes, social security taxes, inheritance taxes, social 
security benefits, child allowances or deductions, and educational subsidies or deduc­
tions. For example, an income tax prevails when T2 depends on I and does not depend 
on s; a consumption tax is obtained when T2 depends on I - s. Child deductions are 
incorporated by makingT 2 depend on I -- nf3, where [3is the per capita child exemption. 
In the third period, T3 represents the net tax payments, which may be negative if 
social security payments outweigh tax payments. An inheritance tax is represented by 
having T3 depend on b. 

15 This chapter is adapted from Household and Economy: Welfare Economics of Endogenous Fertility, by 
Marc Nerlove, Assaf Razin, and Efraim Sadka. Copyright - 1987 by Academic Press, Inc. Reprinted by 
permission of the publisher. 
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Extending the model-by evaluating a number of possible specific forms of thisgeneral tax function, assessing the implications of each tax policy on family behavior,
and deriving the optimal tax policy-puts the treatment of family size and composition
in the theory of taxation on a firm microeconomic basis. 

Public Goods and Dynasty Taxes 
In Chapter 5 it was assumed that the government provides the public goods in

each period and finances them by a lump-sum tax (T) that is imposed on the dynasty
as a whole. (This approach is necessary becadse a head tax is not a lump-sum tax in
this model, as the number of children is endogenous.) Under this assumption, it was
shown that the existence of public goods does not lead to market failure. On the otherhand, a head tax on individual members of each generation is obviously distortionary
when fertility is endogenous and will, in general, lead to market failure. If a tax on
each dynasty is ruled out, one may consider two alternatives. 

First, the public good may be financed by a tax on land rent (pure economic profit).
In this case, there will be no market failure, provided that there is enough rent on
land to finance the public good. Indeed, the theory of local public finance (the "Henry
George Rule") suggests that if the quantity of each public good is set optimally at eachpoint in time, then a 100 percent tax on land rent will be just sufficient to finance
provision of the good. This theory, however, has not been developed for the case of
endogenous fertility and the "Rule" is not obviously true. Can a first-best solution to
the problem of providing public goods be achieved if a tax on each dynasty is ruled out?

Second, with no dynasty taxes and no full optimal provision of public goods through
land taxes, one can consider second-best solutions, among them those achieved through
head taxes on individual members of each generation, income taxes, interest taxes,
taxes on labor income, inheritance taxes, child allowances and taxes, and so forth. In
doing so, one could develop a theory of the second-best optimal provision of public
goods, population size, and tax financing.

As discussed in Chapter 5, if marriages are allowed between dynasties, then a
market failure can arise. In this case, children who marry children from another dynasty
reduce the average tax burden on each original member of the other dynasty, and vice 
versa. Thus there is an external economy to the number of children that is not inter­
nalized by the heads of dynasties. A similar kind of externality associated with marriage
also applies to transfers between generations: the transfer that parents make to their
children also benefits the parents of the spouses of the children. This particular issue 
was considered in Chapter 6, but the same framework can easily be applied to the
external economy that comes from marriage between dynasties in the presence of 
public goods. 

Intragenerational Income Distribution With 
Household Production and Endogenous Fertility 

Chapter 8 deals with some implications endogenous fertility has for the effects that
alternative policies on income taxation and family allowances have on the distribution
of welfare between In it wouldgenerations. further research be important to take 
account of the determinants of fertility beyond merely including the number and quality
of children in a reduced form of the utility function and the budget constraints of the
family. In particular, it may prove useful to use a household production function to 
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determine the allocation of time and resources within a family among market activities, 
child rearing, and other activities. Such analysis has important implications for the 
determination of tax policies concerning the treatment of the number of children, for 
first and second wage earners in families, for the age of wage earners and children, 
and so forth. This kind of analysis may be extended in the context of the Becker-Lancaster 
theory of time allocation and household production. 

Heterogeneous Family Preferences 
In all of the work to date on population size and bequests, the assumption that a 

single utility function represents family preferences has generally been maintained. 
But it may be far more appropriate to consider different objectives for husbands and 
wives, which may generate intrafamily conflicts and necessitate a contractual or other 
theory of household behavior. 

Uncertainty With Respect to Child Quality 
Chapter 5 dealt with some issues raised by heterogeneous child quality. Given 

constraints on the ability of parents to enforce transfers among their offspring, laissez­
faire leads to a genuine market failure: it was found that a tax on earned income can 
improve the distribution of welfare among members of the current generation. If child 
quality, in the sense .jf being able to absorb investment in human capital productively, 
is uncertain ex ante, new difficulties arise. If the uncertainty pertains only to individual 
families but not collectively, it is possible to design a social insurance scheme that will 
permit an optimal solution for the number of children, investment in them, and bequests 
of nonhuman capital. How should such a first-best insurance policy be characterized? 
If for reasons of moral hazard or other problems, insurance is ruled out, what are the 
second-best alternatives, such as taxes on earned income? 

Implications of Endogenous Fertility 
for Population Dynamics 

The most pressing population problems in the developing world today are not those 
stemming from the size of population per se but from the path that population follows 
over time. The analysis in this report of the welfare implications of endogenous fertility 
is restricted to an equilibrium framework. Much ,-f the debate over population policy, 
however, centers on the dynamic process of demographic change and what are essen­
tially disequilibrium phenomena. The implications of endogenous fertility for the chang­
ing costs of, and benefits from, children are far-reaching. An explanation of the so-called 
"demographic transition" in terms of individual responses to changing costs and oppor­
tunities has yet to be given. 

Such extensions and deepering of the analysis lie in the future. The present work 
makes a contribution in showing, that a fuller integration of the empirical and theoretical 
insights of the microtheory of endogenous fertility into a general equilibrium and 
welfare-theoretic analysis of population growth and the relations among generations 
has a high payoff. 
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APPENDIX: DERIVATION OF FORMULAE
 
FOR POLICIES NEEDED TO SUPPORT THE
 
BENTHAMITE AND MILLIAN OPTIMA
 

The BOA is obtained by maximizing
 

uI)c', n, u2 (c2 )j - nu 2 (c2),
 

subject to the budget constraint
 

K--c --nc 2 = 0. 

Letting .\ 0 be the Lagrange multiplier, the following first-order conditions for an
interior solution may be derived: 

ul , (57) 

U2 u -,Ac2, and 
 (58) 

3 nuU an. (59) 

Dividing equations (58)and (59)by equation (57), 

(u2k u2)/ul c2, and (60) 

(u3!u2 nu2)/Ll -n. (61) 

Equation (60) asserts that the social marginal rate of substitution of c' for n (thewillingness of society to give up a parent's consumption for an additional child), which 
,i2+ u2)/ul, must be equated to the social "cost" of an additional child, which isequal to its consumption, c2. Similarly, equation (6 1) asserts that the social marginalrate of substitution of c' for c2 must be equated to the social "cost" of a unit of thechild's consumption, which is n, since every one of the n children consumes this unit.In order to achieve the BOA allocation (via the market mechanism), it may bepossible for the government to subsidize c' at tle rate of (t,to give child allowances

(possibly negative) of [i per child, and to balance its budget by a lump-sum tax (possibly

negative) in the amount 
T. In this case, the parent's budget constraint becomes 

cl' nc2(l (d K i[ in T. (62) 

Given this budget constraint, the parent maximizes 

u'c', n, u-(cl] 

by choosing c', n, and c-. Letting 0 0 be the Lagrange multiplier for this problem, 
the following first-order conditions for an interior solution are 

u! ,(63) 

48 



U= -0( p 0c 2 (I - a), and (64) 

u 3 u = 0n(I -a). (65) 

Dividing equations (64) and (65) by equation (63), 

/u== c2 (1I - ) - J,,and (66) 

u3u1 /u1 n(1 -- ). (67) 

Equation (66) states that the marginal rate of substitution of cl for n (that is, a parent's 
willingness to give up his or her own consumption for an additioral child) must be 
equated to the "price" of a child as perceived by the parent from the budget constraint, 
equation (62). The "price" consists of two components: the cost of ,roviding the child 
with c2 units of consumption, which is only c2(1 - ()because u,'the subsidy (t,and 
the tax on children, which is -3. Equation (67) states that the marginal rate of substitu­

2tion of cl for c2 must be equated to the "price" of c , which is the number of children, 
times I -- x. 

If it is possible to achieve a BOA in this way, the optimal values of (tand P3can 
be found by comparing the first-order conditions for the BOA (namely, equations 160] 
and 1611) with those of the individual parent's optimization problem (equations 166] 
and [67]). First, compare equation (61) with equation (67) to conclude that 

n(l ,( n[I - (u2/uI)], 

so that the optimal subsidy to children's consumption under the Benthamite criterion is 

= u c' , r i l, U2 ( 2 1 ) 1/u. ci,, n u2 (c2 l)I. (68) 

Next, compare equation (60) with equation (66) to conclude that 

C2(U2/Ul)--- c2 (I -_() ---J, 

so that the optimal child allowance under the Benthamite criterion is 

Jill ({u2lc 2l)/uflc'l', ni u2 c21 )]--,llc_20. (69) 

The interpretation of the formulae for (t and 13is straightforward. Since the term 
nu2(c2) of the Benthamite criterion, equation (48), is ignored by the parent objective, 
c2 generates a difference between private and social evaluations; hence it ought to be 
subsidized in order to achieve the BOA. The optimal size of this subsidy has to be 
determined according to what the parent ignores (at the margin). When the parent 
considers increasing c2, he or she ignores the social benefit nu? at the margin. This 
benefit is measured in utility units. Its equivalent in terms of the numeraire consumption 
good is nu2/ul. From the parent's budget constraint, equation (62), it can be seen that 
if c2 is subsidized at the rate (y, then each unit of c2 receives a subsidy of nk. Thus 
the subsidy ought to be set so that nx nu2/ul, which explains the value of the 
optimal (Y in equation (68). 

For the same reason, n ought to be subsidized by u2/u1, so that the price of n for 
2the parent wil be c _ (u2/u11. Since by the parent's budget constraint, equation (62), 
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the price of n is c2 (I - (y)- 3, c2 - (u2/ul) must equal c2 (I - ()- (3. Thus, it follows
that pB = (u2/u1) - (VC2, as in equation (69).

Note that (B,> 0.To find the sign of P11, observe that 

2
[3B = (U2 /Uf)-- (BC = (U2 
-- C2U2)/U, 

by substituting equation (68) into equation (60). Since u2 is concave, it follows that 

U2 (c2 ) - U2 (O) - U2(C 2 )(C 2 -_ 0). 

Since u2 is assumed to be nonnegative, it follows that 

U2 (C2) - C2 U2(C 2 ), 

so that fiB3:-0: the optimal child allowance under the Benthamite criterion must be 
positive.

Fixed (u and (3may not in fact lead to the BOA because the parent's optimizationproblem is not convex; therefore the second-order conditions may not hold. If they donot hold with fixed ( and (3,it is possible to achieve a BOA with nonlinear taxes, thatis, with instruments n and I,, which are functions of c;, c2 , and n. In other words, thesecond-order conditions can always be satisfied by functions (v(.) and f(( ).The valuesof (t() and f3( "I at the optimum will he exactly (Y", and (31" as given in equations (68)
and (69), that is, 

and andQ311(Y(C'I', n, C21B). 

Exactly the same kind of analysis may be carried through for the Millian socialwelfare function. in this case, one finds that the subsidy to children's consumption,namely YM, is positive, as in the Benthamite case. But the sign of the optimal childallowance I(M) is ambiguous. The reason for this ambiguity can be seen by comparingthe Millian objective, which is (uI + nu2)/(I + n), with the parent's objective, whichis just ul. On the one tind, the Millian objective adds nu2 to the parent's objective.In this way n increases MSB above MPB. But, Ion the other hand, u' nu2 is dividedby I + n. In this way, n lowers MSB. Thus, one cannot determine a priori whether n
should be taxed or subsidized. 
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