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This paper.analyses the main economic issues that arise in

attempting to evaluate the results of family planning programs and

projects. It discusses the validity of usir.g the objectlve of Max-

imising national income per head as the criterion for measuring the

econoinic benefits of such a project, and the way in which f aily plan-

ning projects lead to a rise in income per head. It then proposes a

method of calculating benefit-cost measures, which are illustrated by

a Jamaican example.
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The Measurement of the Economic Benefits £rom
Family Planning_Projects and PrograM:.7

This paper discusses the principal economic issues that

arise in attempting an evaluation of the results of a family planning

program or project, and in trying to assess whether a government should

be devoting more or less of its resources to family planning than to

other things. There is a growing literature on this subject, and far

from universal agreement on what to do.2/ In addition it seems clear

that some people feel unhappy about aspects of the logic that under-

lies the whole approach, and about the high rates of return that this

sort of cost-benefit analysis always seems to produce. There may be

some value-judgments at issue here, but most of the disagreements seem

to arise from analytical confusions rather than from different positions

on questions of value. Unfortunately there has been a regrettable ten-

dency for participants in these controversies to resort early on to

arithmetic examples in order to show orders of magnitude for a "typical"

less developed country and this practice has usually obscured rather

1/ I am indebted to E.K. Hawkins and R. Cassen for comments on an
earlier draft and to these and to P.D. Henderson and George Zaidan
for other discussions on this subject.

2/ G.C. Zaidan, The Foregone Benefits and Costs of a Prevented Birth:
Conceptual Problems and an Application to the U.A.R., IBRD
Economics Department Working Paper No. 11; S. Enke "The Economic
Aspects of Slowing Population Growth" Economic Journal, LXXVI
March 1966 pp. 41-56; R. Cassen "Population Control: Aims and
Policies"tin The Crisis in Indian Planning (ed P. Streeten and M.
Lipton), (Oxford: Oxford University Press, 1968) pp. 251-269;
Julian L. Simon, "The Value of Avoided Births to Under-developed
Countries", Population Studies March 1969, XXIII, pp. 61-68; G.
Ohlin, Population Pressures and Alternative Investment, Paper
submitted to the Conference of the International Union for the
Scientific Study of Population, London, September 1969).
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than illuminated th6 underlying analytical frtameworke Int fact,

most of the economics is simple and familiar, and should not be

very controversial. I also think that the value-judgients which

need to be made at the outset should not trouble many; pe6]pie.

This paper deals only with a small part of th&e total

process of evaluating a' pro]o69cd prf6gram or proje-ct-, It deals with

the question of pricing output where output is measured 1-n terms of

the numbers of births averted. It does not deal with tehe problems

of deciding what sort of programs or projects will be miost efficient

in averting births, or with the related difficulties 6f predicting

how many births will be averted as a result of any given pattern of

expenditure-

The cost-effectiveness of different approaches is something

which needs a good deal more investigation. Nevertheless there is

enough internationally comparative information in this field to let

us relate expenditure to output. We estimate first how mizany people

(either women or married couples, depending on the approach taken

by the program) will adopt family planning methods as a-result of

the proposed expenditure*, how long they will continue t6 use them,

and with what degree of effectiveness, and their ferti-lity in the

absence of the program. From this we can calculate tie number of

births to be averted by the program. It is possible to carry out

each stage with greater or less'sophistication, but it must be ad-

mitted that the estimates of births averted are inevitably approx-

imate. Whether they are more approximate than the comrparable es-
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timates that have to be made in other projects - e.g. the number of

acres that are expected to be irrigated by an irrigation project or

the amount of traffic to be carried by a road - I cannot say, but it

is certainly true that therd is much less experience to draw on when

doing this. For irrigation projects it is clear that the next stage

in the analysis requires estimates of the net value of the outp-t of

the newly irrigated acres so that we can turn the technical data into

a stream of money benefits. While there may be disagreement about

the appropriate set of prices to use or the best method of handling

the fact that benefits and costs are spread over many years, and while

the treatment of benefits and costs external to the project still pre-

sents difficulties, nevertheless the nature of the principal benefits

derived from the project are quite clear. There is much less general

agreement about how to attach an economic measure to the 'toutput" of

family planning projects. This paper will suggest such a measure,

and will illustrate this by data from a proposed Jamaican project.

Although this method differs in some degree from methods

of cost-benefit analysis that other authors have proposed, it is ex-

tremely simple - it involves comparing the discounted stream of dif-

ferences in per capita incomes with and without the project with the

per capita costs of the project. I would claim that the main interest

of this paper lies not in the novelty of the cost-benefit methods p:;-

posed but in the attempt to lay out the assumptions that need to be

made at each stage, and to separate questions of logic from those of

fact and those of value. Since there seems to be no universally
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agreed point of departure, I have tried to start from first principles.

This has meant restating analysis that will be widely familiar,£ for

which I apologize.

The Social W4elfare Function

The most important value-judgments that we need to make are

to decide whose welfare we wish to measure and how we shall do it.

Most writers implicitly or explicitly assume that we are concerned

about the average welfare of those people who happen to be born, rather

than of all those who are born plus those who might potentially be

born, and welfare is usually taken to be average income per head.

Most discussion does not consider whether total welfare might not be

greater with a larger population and lower income per head. James

Meade and P.S. Dasgupta are important exceptions.S? Pope Paul VI has

also disputed this interpretation of social welfare.2S Some govern-

ments may take the view that a larger population would give the

country greater international influence, or at least that they should try

1/ J.E. Meade, Trade and Welfare (London, Oxford University Press,
1955) pp. 80-101; P.S. Dasgupta, 'tOn the Concept of Optimum
Population",, Review of Economic Studies, XXXVI, July 1969, pp.
295-318.

2/ In a speech to the U.N. General Assembly in 1965 Pope Paul stated
that the effort must be "to multiply bread so that it suffices
for the tables of mankind, rather than to favor an artificial con-
trol of birth, which would be irrational, in order to diminish the
number of guests at the-banquet of life".
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to maximise either total income or the surplus over minimum subsis-

tence rather than income per head.!/ After all, total income may be

more important than income per head in determining the size of the

national airline that a country can afford, or other indicators of

international standing. It is also hard to think of any examples of

countries refusing to acquire additional territory even where this

would mean a reduction in per capita incomes.2/

To worry about the welfare that is foregone by not being

born may seem to be raising an arcane and irrelevant philosophical

point, but it is in fact quite important. Income per head is meas-

ured by dividing total income by the number of heads. MOost proposed

development projects do not affect the number of heads, and it makes

no difference whether we think in terms of total income or income per

head. For this reason we are apt to think of the major component of

economic development as the rise in total income (although in compar-

ing levels of development we compare per capita income). The idea

that economic development might as well be achieved by reducing the

number of heads rather than by raising total income can seem, if

carried to logical extremes, absurd, and this appears to make people

l/ Maximising the surplus over subsistence is Sauvy's 'maximum power'
concept. See A. Sauvy, Theorie generale de la-population, Vol.I:
Economie et Population (Paris: Presses Universitaires de France,
1952) pp. 69-Lo.

2/ I am grateful to P.D. Henderson for this point.
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uncomfortable about comparing family planning projects with other

projects. Three separate points may ease this discomfort.

The first is that in practice we are dealing with schemes

in wqhich people voluntarily adopt family planning and whose effect is

to slow the rate of growth of population, not to reduce population

absolutely. We are not therefore engaged in trying to calculate an

optimum population.

The second point is that it is very unlikely that we should

ever find that, other things being equal, incomes per head were higher

where population was declining than where it had a zero or positive

growth rate. The main, but not the sole, reason for this is that a

declining population usually has a smaller proportion of its popu-

lation in the labor force than a population with a zero growth rate.l/

This will be discussed later.

The third point is that to postulate a per capita measure-

ment of welfare for the sort of family planning program or project

the Bank is likely to lend to or advise on, is not to argue that in

all circumstances this is the most appropriate objective. It is

certainly possible to conceive of situations where it might be most

inappropriate - for example, an oil-rich Sheikdom with automated

wells and tanker-loading facilities might maximise per capita income

1/ This is not always strictly true. Under many assumptions about
mortality it is possible to show that the population (with stable
demographic characteristics) with the highest ratio of the labor
force to total poputati6n would be declining slightly. This
questioni cah be e;plored fu-th6r by using the data in A.J. Coale
and P. Ddmeny, Regional Model Life Tables and Stable Populations
(Princeton, N.J. Princeton University Press, 1966)



- 7-

by reducing itoelf to cne man, an( th's might well not be felt to max-

imise social objectives. Two issues are raised by this example. If

the population consisted only of one man, he would eventually die out,

and extermination of the society take place. This is not a usual

social choice.i/ The difficulty might be met by specifying some con-

straint below which the population should not be allowed to fall, or

by arguing that the question is one of time horizon, and that in

issues of this kind the appropriate discount rate might be very low,

perhaps zero. The question of the appropriate time horizon is a matter

of enormous importance in population projects. The issues involved are

very dfficult ones, however, and they deserve to be treated in a separ-

ate paper.

It is clear that criteria other than the maximisation of in-

come per head may sometimes more accurately reflect "social objectives".

The second issue is what do we mean by "social objectives"? In most

circumstances we mean decisions about national objectives by the gov-

ernment of a nation state (which we hope is reasonably responsive to

the view of its constituents). There is a case for believing that

sometimes national and private interests may clash on the issue of the

desirability of an additional child. Many of the costs of a child are

not borne by the family but by the taxpayer since, in the interests of

ensuring minimum educational and other standards, much of the cost of

1/ This is a point made by Jean Baneth.
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a child's upbringing are paid by the state. In addition, another child

makes demands upon fixed supplies of resources, both raw materials and

living space. Here, however, not only a national but an international

interest is involved and governments of nation stateg are not the wholly

appropriate institutions to decide such issues. But in terms of practi-

cal politics any attempt at the control of fertility to optimise social

welfare on an international basis is a very long way off. In many

countries there is still opposition to any government involvement at all

in this area, and still more to the payment of substantial incentives

and the use of tax policy in order to equalise the private and social

costs of having a child. In practice, any consideration of social ob-

jectives must be national objectives rather than international ones.

It should be noted, however, that if nations pursue independent popu-

lation policies the chance of getting freer international migration is

bound to be reduced. Freer migration would enlarge individual oppor-

tunities and thus, prima facie, would increase world welfare, though

the current highly selective flows may not do so. At present, however,

it seems to be generally accepted, except by incorrigible idealists

(like myself), that all the people standing on a particular mounci of

earth at a particular moment have the right to exclude anybody else

from getting on. Obviously governments will never in future allow un-

restricted immigration if they have no control over population growth

in the countries from which immigrants come.

One serious difficulty with the use of national income per

head as the welfare criterion is that a child may bring benefits to
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his family which are not reflected in the normal accounting measures of

national income. Parents are often observed to desire more children

than would maximise national income per head. In part-this may be be-

cause the full social costs of a child's upbringing are not borne by

its parents, but there may also be a difference in the valuation of

benefits. It has sometimes been suggested that in many developing

countries, having large numbers of children may appear to be economi-

cally beneficial to their parents. In so far as this is because the

child is expected eventually to have high productivity and that a large

part of his output would be captured by his parents, these benefits will

be reflected in the national income effects of the project. But in so

far as children are desired for insurance purposes, either against dis-

ablement or old age - there may be a case for an individual family hav-

ing more children, whereas for all families taken together there is no

such case. Mbst analyses suggest that children would be a poor invest-

ment on these grounds if parents were able to obtain other forms of

insurance, and a return on their savings roughly comparable to the rate

of return on capital available to the economy as a whole. Capital

markets, however, are notoriously imperfect, particularly in develop-

ing countries, so that the return received by an individual saver may

be very much less than the social return on capital, and insurance may

not be available. Where families decide to adopt family planning vol-

untarily, they are presumably deciding that the costs of a child out-

weigh the benefits from having insurance against such risks. Never-
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theless to consider the full gain in faniJly incone as the net benefits

from having a smaller family is to overstate the gain in welfare since

this gain may be at the cost of the shouldering of larger risks.

In addition children bring pleasure to their parents and

grandparents - they have sometimes been compared to durable consumers

goods.!/ Part of the gain in-terms of income per head is at the ex-

pense of a loss of some of this pleasure, and is therefbre less worth-

while than a gain in income achieved without foregoing children.

Without much more research on the motives for having larger

families - research which might in addition have considerable benefits

in improving the effectiveness of family planning programs - it is im-

possible to know how important such factors are. Even with this re-

search, howiever, some of the benefits to a family from having children

are likely to remain intangible and impossible to express in money

terms. Whether these effects are more significant than those with

which other sorts of projects have to contend (e.g. "scenic beauty"

or "the value of an (existing) human life") is impossible to assess.

Since however, there is a strong case for assuming that the income

gains to a family from having fewer children overstate its welfare

gains compared with other sources of income gain, it is important to

separste, as far as possible, the effects on the family' unit in *which

1/ For two views about the treatment of children as consumer goods see
Gary S. Becker "An Economic Model of Fertility" in Demographic and
Economic Change in Developed Countries. A Conference of the Un-
iversities - Natural Bureau Committee for Economic Research
(Princeton: Princeton University Press, 1960) pp. 209-231; and
Judith Blake "Are Babies Consumer Durables?" Population Studies
March 1968, pp. 1-25.
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the birth would have occurred from those in the rest of society.V

What unit is considered "the family" will vary from society to society

- in some it may be more appropriate to use an extended fanily concept.

The interests of the "rest of society" can be lumped to-

gether. They are more easily measured in money terms - one can ignore

the pleasure that a child might give to people outside his family or

at least assume that it is offset by an equal measure of inconvenience

through noise etc. associated with other people's children. In con-

sequence, the interest of the rest of society in preventing the birth

1/ This is extremely difficult to do completely. If families save a
part of their income that another child would have consumed, this enables
more investment to take place. Some part of the return on this invest-
ment may be captured by the family but it is likely that a part may be
retained by financial intermediaries. Taxes are also paid on the income
from the investment. In addition, the return to the investor is not the
full social return to an investment. Capital accumulation tends, broadly
speaking, to raise the marginal productivity of labor and to reduce that
of capital. In other words, the whole addition to the national income
resulting from a unit of investment is not captured by the investor. In
principle we could separate out the proportion of the gains captured by
the owner of different factors and by the saving family itself. But to
do so in practice could be done only by specifying an aggregate production
function, and this means making certain assumptions that are at best
rough approximations to reality and at worst make the exercise meaning-
less. In practice it is simplest to separate out the direct consumption
benefits of the family itself, and to treat further benefits received
by the family as on a par with other additions to national income.

The matter would only become important if the proportion of
income saved were very high so that the income to be obtained as a
return of saving part of the potential consumption of a child was a
major source of eventually increased consumption in the family involved,
in comparison to additional direct consumption.
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of a child can be measured in terms of average income outside his

family. This entails valuing a dollar's increment to income equally

wherever it occurs - to landlords and rentiers equally with peasants

and industrial workers - and is thus open to challehge on welfare

grounds. The adverse effect of labor force growth on wages is then

held to be partially offset by its effects on rents and the return on

capital, rather than attacked for its adverse effects- on the distri-

bution of income. It is even possible to construct a theoretical

model where population growth is held to be beneficial because its

effects on the return on capital outweigh adverse effects on labor

productivity.!/ It is conceivable that in some countries, a factor

in a political reluctance to support family planning programs is the

effects of population growth on returns from land and capital.

In analysing most economic policies, it is usually safe to

assume that a target of maximising average welfare can be satisfac-

torily translated into one of maximising average income, defined by

national income accounting conventions. Purists may prefer to relate

welfare to consumption rather than to income. This is really a question

of selecting from alternative time patterns of consumption and it might

be important if one wiere comparing two projects which implied quite

different patterns of savings in a situation where there was a strong

case for supposing that society was not saving the "socially desirable"

amount (for example, if one believed that the marginal rate of return

1/ See Edmund S. Phelps "Population Increase". The Canadian Journal of
Economics, I, August 1968 pp. 497-518.
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on capital was much higher than the ideal social discount rate). This

is something that has received a good deal of attention from economists.i/

The problems are in no way peculiar to population projects, however, and

although the issues are potentially important ones, we shall not go into

them here, observing merely that the benefits from the projects that

compete with population projects for investment resources are likely to

be measured in terms of income rather than of consumption.

The Effect of Family Planning Projects on National Income per Head

To calculate the effect of a population project or program on

income per head, we must calculate b oth total national income and

population, with and witnout the project. To estimate the project's

effect on population, we need to make a population projection on the

basis of the fertility assumed in the absence of the program and then

subtract the number of births averted in each year from it (it should

not be forgotten that some fifteen or sixteen years after the start of

the project there will be a "second order" effect on the number of births

as the cohorts whose size has been reduced by the project come into the

childbearing age). The complications in making these calculations are

outside the scope of this paper.

The effects of a reduction in the number of births on the

total national income stem first from the reduction in the burden of

child support, and second from the eventual reduction of the labor force.

The former are the only effects that will be important in the fifteen

years after the first birth has been averted by the project. A reduction

1/ Such issues are well treated in I.M.D. Little and J.M. Mirrlees,
lianual of Industrial Project Analysis in Developing Countries, Vol.
II: Social Cost Benefit Analysis (Paris:. OECD Development Centre
1969).



- 1 -

in fertility reduces the burden of dependency, (except under conditions

of population decline). In what follows we assume we are compa.r:ng

populations growing at zero or positive rates. Resources freed from

child-support are available for alternative uses. Pasrt of these re-

sources will be consumed directly, but .t is probable *that some will

be saved. Let us assume .iatially that -we are dealing ,4th fully

employed and inflation-free :.aissez-faire economies (,(though the govern-

ment does-provide some services), full employment being maintained in

-the face of vari-ations in the proportion of income saved by the move-

,'ment of interest 'rates,. It is common to assume that the proportion of

income saved by an individual is a function of his disposable income, and

it is likely -that a red-uce.d burden of child-related health and ed-

.ucati n.expenditures will lead in part either to additional government

,investment expenliture or to tax re'ief (and hence -to an increase in

,personal .disposable income) or to both. An increase -in investment leads

-to greater capital accumulation and hence to higher:productivity of the

labor force.. For the first fifteen years of the program or project, at

least, the .effect of the -project on total income, as,fwell as on income

per head, will -be tpos-itive.

Eventually the project will have an effect in reducing the

-size of the labor force. This mav have the effect ~of leading to a lower

toltal national income,. This will depend -on whether the effect of lower

fertility in -reducing the labor -fcrce is more than ,of,fset by thle -addi-

tions to the capital stock -tL3ich Lave taken place. 'Whether the smaller

labor force leads to a large.r or smaller total output, it is certain

that its productivity will be higher. This is first, because capital
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has been accumulated out of resources freed from child support; and

second, because the more slowly growing labor force means that a

smaller proportion of national investment need be devoted to equipping

the new members of the labor force, and hence that more is available

for increasing capital per head. Even if total national income does

eventually become smaller in the low fertility society, on two counts

per capita incomes will be higher. First, output per head of the labor

force will be higher, and second, the labor force will be a higher

proportion of the total population. One might also note that with

fewer children to support, parents will increase food expenditure,

which might increase labor productivity. Married women have more time

to work and may do so, though a higher family income might lead them

to prefer leisure.

It is important to stress that the lower dependency burden

is not the sole reason for the higher income per head in a lower fer-

tility society. Even if we assumed that there were no costs of sup-

porting children, and that at the moment of birth the child entered the

labor force with a positive marginal productivity, the effect of this

child would still be to lower per capita incomes, since-its effect would

be to reduce the productivity of other members of the labor force below

what it would have been. Urfortunately a number of methods proposed

for the evaluation of population projects miss this point, by seemirg

to imply that if a child were productive enough and if the discount

rate were low enough, the ch<',d could make a positive addition to in-

come per head, and so justify a birth on econoirac grounds.!/ This is

1/ For example, Zaidan, 9 cit.;Ohlin, E. cit.
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not so. Only if there was a reason to suppose that an individual child

would have a productivity greater than the average, or would have fewer

than average dependents, could he be said to raise income per head.

It is possible to conceive of situations where a growing

labor force could lead to a rise in productivity, though they are un-

likely to be of practical significance. If capital could be borrowed

from abroad at interest rates lower than the rate of return, and econ-

omies of scale were important and could not be achieved by the use of

international trade - i.e. in the case of most social overhead capital -

the marginal product of labor might be above its average product and

there be an advantage to increasing the labor force (though it would be

better to do this by encouraging international migration than by rearing

children).

The foregoing arguments imply that in comparing alternative

streams of per capita income between economies with lower and higher

fertilities, the advantages are strongly with the former.. This is

reflected in the high rates of return frequently derived in the analysis

of population projects. It is fairly easy to attempt to quantify the

effects of population projects if these arguments be accepted. It should

be noted, however, that some of the assumptions made have been challenged.

For example it is not certain that the lower dependency ratio of low

fertility societies will always lead to -greater savings. Under certain

life-cycle theories of savings, the amount of saving may be unaffected

by the number of children or the size of disposable income, but deter-

mined by the needs of retirement. Even if a fast growing population



- 17 -

had a smaller proportion of its total population in the labor force,

the ratio of workers to retired dissavers would be higher than in a

more slowly growing population, and this could make the proportion of

income saved an increasing function of population gro-th. Further

sets of assumptions have sometimes been made about savings. For ex-

ample it has sometimes been argued that young children provide a motive

for parents to save, and also that it is often pressure on land that

induces subsistence farmers to carry out investment.

If we drop the assumption that full employment is maintained,

it becomes more probable that per capita capital accumulation in high

fertility societies Lould reach the same level or higher levels than

in the low fertility ones, since it is possible that the latter will

suffer more prolonged periods of deficiency in aggregate demand, with

capital accumulation limited not by a social willingness to save but

to invest. If, however, we also drop the assumption of a laissez-faire

economy., and assume we are dealing with an economr in which the govern-

ment not only maintains full employment but also uses fiscal measures

deliberately to affect the proportion of income saved and invested,

then in almost all circumstances potential per capita capital accumu-

lation will be greater in low fertility than in high fertility econo-

mies, other things being equal. Whether this potential is invariably

realised, of course, may be another matter. In practice, it appears

that differences in income per head are not a good explanation of

differences in the proportions of income taken in taxation. It may be

much easier to raise taxation and hence capital accumulation the more

important is international trade, since customs duties and export
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taxes are relatively easy to collect. Nevertheless, bther things being

equal, income per head must be the best measure of tax potential per

head, and this is the basis for saying that normally'there will be no-

thing that a high fertility economy can achieve (pe6r'heead)that a low

fertility economy couldn't eventually surp'ass. The VhlrCt 'exception is

where both the effect of fasbtb 'capital growth initiTli'y s outweighed

in terms -of aggregate iici,m6e b-y the effects of fa:st'er labbIr Torce

growth and there are marked economies of scale iYot obtainable through

in'ternational 'trade.

Certain factors which are difficUlt to measure in economic

teirms hay also reduce the beh'efits 'from the red7c6tidin in fertility.

The mnost importart of th6es is 'that an economy with hSiher fertility

will have a younger age structure which may make it a m'ore vigorous,

enttrprising aind less conservative society. In par'tidular, hew en-

trants to 'the labor 'force will fotm a higher proportiobh of those bf

working age, ehabling the economy to responid more quickly to poten-

tial changes i;n the stru'ctftre of productibh or in techhique. The

inability of an economy with a decliningj and aging population to

adjust to change was a worry of those whb were anxious about popu-

lation trends in developed countries before the Second lW,orld War.

These points may well have some validity if onb is cormparing economies

with-, say, a zero g'r5jwth rate and one of 'O.5%, -thugh even in these

circumstances population growth is a luxury that the w6orld must even-

tually learn to do without. They are surely not relevaht to rates of

population growAh of the order of those usually found in developing

countries.



- 19 -

Further research on some of the more elusive interrelation-

ships between demographic change and economic growth might make it

easier to predict more precisely the effect of a population project

on income per head. It might show whether there are any practical

qualifications to offset the very strong economic logic which implies

that reducing the rate of population growth will potentially raise

income per head, up to the point of a zero population growth rate. For

example there is little information on demographic effects on savings.

In its absence the most attractive assumption is that the increase in

disposable income, available as a result of reduced child-support costs,

is saved and invested in equal or greater proportions than average in-

come. The range of assumptions that could be plausibly made, however,

is very wide, and not all of them would make population projects seem

quite so attractive.

So far we have been explicitly dealing with economies in

which population is not declining. Because capital goods once created

are non-malleable, and because a declining population has an increasing

proportion of retired people, one cannot treat a declining population

as though it were the reverse of a grow^Jing one - to show that popula-

tion growth has an adverse effect on the growth of per capita income

does not imply that population decline has a beneficial effect. In

addition a reduction of the labor force would lower the return on c-p-

ital and the advantage of being able to increase capital per head would

diminish. It is therefore unlikely that a criterion of maximising in-

come per head could ever be held to justify a sustained decline in the

population, and still less that the best economic course for the human
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race was its extinction.

A Procedure for estimating Project Benefits

We assume that we start from an estimated time pattern of

births averted as a result of the project. W4e can calculate from this

the time stream of resources freed from child upbringing and can esti-

mate the effects of the project on population and labor force. By mak-

ing a set of assumptions about the proportion of resources freed that

are invested either privately or by the government, and about the

return on this investment and its disposition, the effect on national

income can be calculated. One can make this exercise as elaborate as

one likes, simply by making the underlying eccnomic model more com-

plicated. If one is considering the effects of a large program over

a long period of time, only a rather sophisticated macroeconomic model

of the econonr will really do the complexities of the problem justice,

though it must not be forgotten that in population projects we are

dealing with matters that take place very far in the future. The

effects of a reduction in births on the labor force only begin after

16 years, and it will take several further years before these labor

force changes have a significant effect on output. It is a fairly

brave soul who is prepared to put much effort in constructing models

which purport to describe individual economies in the 21st century.

Nevertheless, if one is bold enough and diligent enough, the birth

reduction is significant enough and the issues involved are important

enough, then an elaborate macroeconomic model may be justified. This

is certainly the only way to get a feel of the way in which changing

factor supplies will affect the marginal productivities of complemen-
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tary factors, and this method permits a much more sophisticated treat-

ment of technical progress. A well known study by Coale and Hoover

constructed such a model for India; TEMPO have done this for a hypo-

thetical country, Developa. From these sorts of models it is pos-

sible to see how total income and income per head compare with differ-

ent patterns of fertility.

There are many instances where the effort and difficulties

involved in constructing a model will be not worthwhile. Often only

a small project is being considered, whose effects on the supplies of

factors will be relatively small. Often a high discount rate will

seem appropriate and then only what happens during the first fifteen

years of the project or program is important and during this period

the effect of the project on the capital stock may have little reper-

cussions on the expected rate of return to capital. Often one is in-

terested less in a very precise measurement of project effects, than

to know whether it is a socially profitable investment, given the rate

of return that can be obtained on other investments. In all these

circumstances, it is useful to separate the analysis of the results of

the project into the effects of the reduced burden of dependency and

the effects of a smaller labor force. The reduced burden of dependency

is the most immediate effect of the project on national income and it

will be the only significant effect of the project if a high enough

discount rate is used. It is therefore sensible to start by analysing

1/ A.J. Coale and Edgar M. Hoover, Population Growth and Economic
Development in Lowl.Income Countries (Princeton: Princeton
University Press, 1958); Economic Benefits of Slowing Population
Growth, prepared for the Agency for International Development by
TEMPO, General Electric's Center for Advanced Studies, Santa
Barbara, California, 1969.
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the effects of this to see whether these effects on income per head are

sufficient to justify the costs of the project. If they are, then the

project is almost always justified, since we know that the effect of

additional entrants to the labor force is almost always to lower prod-

uctivity per member of the labor force and hence to reduce income per

head. One can check very quickly as to whether there are likely to be

grounds for assuming the marginal productivity of additional entrants to

the labor force to be above average productivity.

An illustration of a suggested procedure for project justi-

fication follows, using data drawm from a Jamaican post-partum project.

Readers who are not interested in the project itself or in the numeri-

cal processes involved can skip this illustration. Those who are hap-

pier thinking in algebra will find the basis of the calculations laid

out in the Appendix.

The project is the expansion of a maternity hospital to per-

mit it to carry out a post-partum program. At present many of the

mothers have to share beds, and leave within 24 hours of delivering their

children. The calculations of the births that will be averted by the

project are outside the scope of this paper. It is estimated, however,

that the time pattern of these will be as shown in Table 1.
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Table 1

Births averted
Year by project

1975 620

1976 1600

1977 2370

1978 2940

1979 3400

1980 3500

each year after 1980 3500

For simplici1 ty rno allowance is made for mortality.

The effect of a reduced dependency burden

Table 2 sumarises the estimated support costs, in 1970 prices,

of a child born in 1975 to a mother of the socio-economic class using

the hospital. Table 3 aggregates these for all the averted births up to

the year 2000. The addition to the recurrent costs of the hospital

caused by the expansion and the establishment of the post-partum program

are subtracted from savings of other public expenditure. We have assumed

that all the costs additional to current levels of expenditure are attri-

buted to family planning, though many of these are due to the fact that

the standard of maternity care is going to improve. Since we can show

that the project is economically justified even using such a conserva-

tive measure of recurrent costs, a fortiori it would be justified if

only those recurrent costs strictly relevant to the family planning pro-

gram were taken.

Some notes on the derivation of these figures may be of inter-

est. The cost of a child to its famntly was derived from two puhltcaticns
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Table 2

Support Costs of a child born 1975, 1970 prices $(J)

Year Family HIealth Education Education Education
Support Services Recurrent Capital Teachers

Costs Costs Training

1975 52 18.10
1976 52 18.64
1977 52 19.20
1978 52 19.78
1979 52 20.38
1980 104 20.98
1981 104 21.62
1982 104 22.26 42.78
1983 104 22.94 44.06
1984 104 23.62 45.38
1985 104 24.32 46.74
1986 104 25.06 48.14 32.10
1987 104 25.82 49.58 320 33.06
1988 104 26.60 153.22 19.06
1989 104 27.38 177.82 19.64

1990 104 28.20 162.56 180 20.22
1991 36.4 29.06 148.84
1992 36.4 29.92 153.30
1993 30.82
1994 31.74
1995 32.70
1996 33.68
1997 34.68
1998 35.76
1999 36.80
2000 37.90
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Table 3

Resources Freed from Child Support, and
Pro.ject Recurrent Costs, 1973-2000

$(J)'000

Health Net
Family Services Recurrent Savings Total

Year Support and Education Costs o°f/ Public Resoui-
Social Project - Expenditure ces
Security Freed

1973 80 - 80 - 80
1974 -328 -328 -328
1975 32 11 -338 -326 -294
1976 11S 41 -348 -307 -192
1977 239 88 -358 -270 - 31
1978 391 4.9 -369 -220 171
1979 568 223 -380 -157 411
1980 782 303 -391 - 89 693°
1981 1o,048 388 -403 - 15 1,0 >3
1982 1,352 i477 27 -415 88 1, Uo0
1983 1,688 572 98 -428 242 1,930
1984 1,952 672 208 -441 439 2,391
1985 2,410 777 352 -454 675 3,0 5
1986 2,775 888 546 -467 967 3,742
1987 3,139 1,005 973 -481 1,497 4,636
1988 3,505 1,129 1,639 -496 2,271 5,776
1989 3,867 1,258 2,349 -511 3,096 6,963
1990 4,231 1,394 3,222 -526 4,,090 8,321.
1991 4,553 1,538 4,192 -542 5,189 9, 742
1992 4,809 -1,688 5,051 -558 6,181 10,990
1993 4,990 1,847 5,771 -575 7,044 12,034
1994 5,097 2,013 6,322 -592 7,743 12.,840
1995 5,145 2,189 6,671 -610 8,250 13,39.5
1996 5,165 2,372 6,915 -628 8,659 13,824
1997 5,169 2,564 71,090 -647 9,007 14,176
1998 5,169 2,766 7,248 -666 9,348 i4,517
1999 5,169 2,978 7,413 -686 9,705 14,b,'
2000 5,169 3, 200 7,583 -707 10,076 15,245

a/ Recurrent costs are expressed negatively because the project uses up
these resources rather than frees them.
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of the Department of Statistics, Expenditure Patterns of Working Class

Households, (based on the 1963-64 Household Expenditure Survey) (1967)

and A Survey of Housing Conditions in Trench Town, September 1967 (1968).

Trench town is a working class area of Kingston, akin to the areas from

which most of the hospital's patients come. The median income of fami-

lies with 5-7 persons in these areas was f4-6 ($(J)8-12) per week. From

the expenditure survey it appeared that such a family would spend about

60/- a week on food and 13/- a week on clothing. On the assumptions

a) that the median family from which an acceptor of contraception came

consisted of two adults and 3 children, (with 2 children under 5); b)

that it spent an additional 7/- a week on child-related consumption

(e.g. higher rent to provide extra space); and c) that the consumption

of a child, 0-4, is half that of older children and adults, the cost of

a child was estimated to be 10/- ($(J)l) a week for its first 5 years

and 20/- subsequently. The cost of children (at constant prices)

remains constant - i.e. even if incomes and standards rise and more is

spent per child this is not taken to imply a rise in the minimum nec-

essary expenditure per childl/

The child goes to school sometime after its sixth birthday -

those born in 1975 would go at the beginning of the 1981-82 school

year. (For simplicity all the educational costs of this year are

assumed to fall in 1982 and all the children are then assumed to be at

1/ lqhat should constitute the cost of a child has been the subject of
debate. See the paper by Becker, op.cit, and the ensuing discussion
at the Conference.
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school.) 65% of the children leave school sometime after their fif-

teenth birthday - here they are assumed to leave in 1991. They then

cease to be supported by their families. 35% (a long-term target, but

not unrealistic for the 1990's) continue at school. Pany of these will

drop out after a further year, others will stay 3 years. For simplicity

all 35% were assumed to stay 2 years, and to stay dependent on their

families for that period.

The educational costs were obtained after discussion iwith

officials of the Ministry of Education. It was assumed that because

it was likely that children entering primary school would be less than

those leaving it by the late 1970's and attendance will approach 100%,

a child born in 1975 makes no new demand for additional primary class-

room space or teaching capacity, and that the normal replacement expen-

ditures are unaffectea. It is assumed, however, that the expansion of

secondary education, where enrollment is at present far below 100%, at

both lower and upper levels, xdll be still in progress in the 1980's

and 1990's and that additional children entail more building and more

teacher training. Half of the 35% who continue with education after the

age of 15 are assumed to go to academic schools, an(d half are assumed

to go to technical and vocational schools. It was assumed that the real

per capita recurrent costs and teachers' training costs of these would

rise by 3% a year. This was assumed to be the average increase in prod-

uctivity in the economy, but since no productivity increases can be ex-

pected from teachers and other staff who nevertheless need rising in-

comes to stay in the sector, costs here will rise. They may not rise

by the full 3% per year, but it is in addition likely that the standards
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may improve (e.g. the staff-student ratio may decline). A similar as-

sumption is made for the recurrent costs of the project and for other

health expenditure (but not for school building since productivity of

the building industry is assumed to keep pace with average productivity).

Health expenditures were reached by extrapolating existing

levels. In 1968/69 expenditures per head were f7.36 ($(J)14.72). No

attempt was made to allocate health expenditure among people of different

ages.

A potentially difficult point arises in the treatment of social

expenditure, though it is not much of an issue in this Jamaican example,

since by the standards of most developing countries, Jamaica is compar-

atively well off, and by the 1980's should be able to afford the edu-

cational targets she may derive on other grounds. For most of the an-

alysis we take marginal concepts - e.g. marginal savings rates, the

marginal productivity of labor, (which would be zero in the case of

expected serious unemployment) etc. In the case of public expenditure,

however, this could lead to some odd results; suppose that a govern-

ment was already unable to spend anything on the education or the health

care of its marginal population, and so the marginal effect on public

expenditure of additional children was zero. If marginal public expen-

diture figures are used we might get the absurd result that once public

expenditure became unable to keep up with population growth, additional

children were less of a social burden. It is clear we need to use in

practice some measure of average public expenditure per child, which

might be based on actual average expenditure, or the average expendi-

tures at which the government might aim if it were not trying to keep
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up with population growth. The trouble with the last measure is that it

has no obvious limit to it, but the first measure might be very low in

countries with low levels of literacy, poor health etc. In these cir-

cumstances, it may be necessary to use somewhat arbitrary figures, al-

though this is not something that should be done lightly, since this

part of the analysis carries clearer welfare implications than the anal-

ysis of savings in family expenditure.

To est_mate the effect of freeing these resources on the size

of Jamaican national.income we need to make assumptions about the amount

that gets reinvested. The following assumptions have been chosen to be

realistic in the light of recent Jamaican experience,-(but bearing in

mind that our analysis extends for a long way into the future, in an

economy in which income is likely to grow rapidly).

1) The net rate of return on investment is 10%, whether

carried out privately or by the government.2/ This return is obtained

in every year following that in which the investment is made.

1/ This was derived as follows. The rate of growth of output has
recently been 5-6%o a year. This is expected to continue. For the
measure of output we may take Net Domestic Product (NDP). Profits
(Ti) have been about 30-33% (on the assumption that 1/3-1/2 of the
income of unincorporated enterprises is treated as profits). Net
investment (I) has been recently 15-13% of NDP. i.e. we can assume
if NDP = 100 ANDP = 5.5 I 16.5

6r - 5.5 x .3 = 1.65

Hence Al = 1.65 = 10%
I 16.5
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2) The family in which the birth wiould have occurred now

saves 5% of the money it wiould have spent on the child, and devotes

the other 95% to its own consumption. The savings are matched by

increased private investment immediately they are made.

3) 25% of the income from this investment is paid in tax

and 25% is saved. The remaining 50% adds directly to private consump-

tion (not necessarily of the saving family).

4) The tax paid on this income is treated in exactly the

same way that other resources freed from public expenditure are used.

In the absence of the project the resources that would have been used

for recurrent costs are also treated the same way. The government re-

tains all the net income from public investment and treats this income

the same way. No alternative use is assumed for the capital costs of

the project, however.

Three sets of assumptions are made about this treatment.

A. (Low investment assumption) 30% of these public resources

are invested, 70% devoted to current expenditure.

B. (Medium investment assumption) one-half of public resources

are invested.

C. (High investment assumption) 70% are invested.

At present 25-30% of Government expenditure is devoted to cap-

ital expenditure (as conventionally defined). It is likely that the

marginal rate of investment would be higher than the average. The cal-

culation procedure, which was carried out by hand in this case but would

be easy to put on to a computer, involves the calculation for each year

of the return on the addition to the capital stock that has been accum-
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ulated as a result of the project.I/ This gives the addition to national

income. Part of this is reinvested. There is also new investment out of

the resources freed during that year. The sum of these plus the capital

stock at the beginning of the year equals capital stock existing at the

end of the year.!/ This yields an income during the following year etc.

The effects on income are shown in Table 4.

The effect of a reduced labor force on output and output per head

After 1990 the project causes a reduction in the size of the

labor force, though not by a very large amount. I estimate that in the

year 2000 the labor force will be 1.4 per cent lower than in the absence

of the project, though this proportion will be growing fairly rapidly at

that time. The effect of the project on increasing the capital stock in

the year 2000 will also be very small. On the assumption that gross

domestic product rises at an average 5.5 per cent per year for the re-

mainder of the century with a gross capital-output ratio of 4 (which is

consistent with recent experience) the total effect of the project on

total capital stock would be 0.2 per cent on the low reinvestment assump-

tion and 0.5 on the high reinvestment assumption.

As already explained, the absolute effect of the project on

output is much less interesting than whether there is any reason to

suppose that a smaller labor force would have a lower productivity than

1/ Mr. P.C. Kreitner assisted in the calculations.

2/ All amounts are assumed net of depreciation.
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Table 4

The Net Addition to Jamaican National Income
Resulting from the Investment and Reinvestment of

the Resources Freed from Child Support a7

Public
Investment
Assumption: A B C

197)4 -2 - 4 - 1?
1975 -12 -11 - 29
1976 -22 -38 - 54
1977 -32 -54 - 78
1978 -40 -70 - 102
1979 -45 -82 - 122
1980 -48 -91 - 139
1981 -49 -96 - 151
1982 -45 -97 - 158
1983 -37 -91 - 156
1984 -23 -75 - 143
1985 - 7 -47 - 113
1986 614 - 4 - 62
1987 121 14 13
1988 210 150 132
1989 226 287 316
1990 352 472 570
1991 507 721 916
1992 684 1061 1343
1993 931 1419 1905
1994 1195 1866 2551
1995 1488 2369 3290
1996 1806 2921 4115
1997 2147 3522 5026
1998 2505 4168 6024
1999 2886 4864 7115
2000 3289 5811 S306

a/ In the early years of the project the net addition to national
income is negative because in the absence of the project, a
proportion of the recurrent costs would have been reinvested.
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a larger one. There is no case for making this assumption here. Jamaica

is already fairly densely populated and participating in international

trade, and there is no reason to assume that there are economies of scale

that she cannot obtain through trade or which would justify a larger pop-

ulation. In addition, Jamaica is at present suffering from severe unem-

ployment, estimated to be over 10 percent of the labor force and growing

as a proportion of it. While we must hope that this problem will be

solved within the next twenty years, it is not certain that it will be,

and a slower growth rate of the labor force should make it easier to find

a solution.

Considering only the reduction in the dependency burden, Table

5 shows the result of calculating national income and population with and

without the project, using assumption B only.!/ This is expressed in per

capita terms in Table 6.

Since, as we have argued, there is a good case for arguing that

additional consumption inside the family is less of a social benefit than

other forms of additional income, we have also calculated the effect on

national and per capita income with this benefit excluded. As can be

seen this makes little difference to the result. We then have expressed

the value of the capital investment in per capita terms. An assumed in-

vestment of $(J) 715,000 in 1972 is equal to $(J) 0.347 per head and the

same investment in 1973 is equal to $0.342. Discounting at 10%, the in-

vestment is clearly justified - the discounted value of increases in per

1/ National income without the project is projected on the basis of
recent growth rates.
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capita income is 93.8 times the discounted capital costs of the project;

if family consumption benefits are excluded, they are 85.8 times. (NTo

particular significance attaches to these very high numbers, which result

from the relative unimportance of capital costs.!l It is, however, evi-

dently a very profitable project. The internal rate of return is about

8h% including family consumption and 81% excluding it.)

It is worth noticing ('from Table 5) that-the relative effect

of the change in population on the increase in per capita income is much

greater than the effect of the change in income. With the project per

capita income in the year 2,000 is 3.1% larger than without. Total nation-

al income, however, is only 0.1% larger - the main effect comes from the

fact that the population will be 2.9fo' smaller. in terms of the priorities

for appraising and designing projects, then, research time will be better

used in exploring what methods (medical, administrative, educational, etc.)

are most effective in reducing births than in refining procedures to pre-

dict the purely economic effect on total output.

Nevertheless economic evaluation of programs and projects is

still likely to be required. Conceptually simple, though admittedly some-

times ti-resome 'to calculate, I would make the strong claim that the methods

proposed here are superior to the alternatiyes that have been suggested.

In particular, it gets away from the idea of looking simply at the bene-

fits from a single birth averted. It is,, of course, perfectly possible

to disaggregate the results to obtain the effect on national income per

head resulting from one birth. Just as it is possible to show the effect

1/ This is explained further in the Appendix.
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Table 5

Natural Income and Population with and
without the Project

National In- National In- National In- Popula- Births Population
come without come with come exclud- tion with- Averted wfith pro-
project project ing family out pro- cumula- ject

consumption ject d/ tive
$Jm. a/ .$Jm. b/ $Jm. c/ ('000) ('000) ('000)

1972 884.5 2060.3
1973 933.1 2091.4
1974 904.5 984.5 2122.5
1975 1038.6 1036.6 1038.6 2154.2 o.6 2153.6
1976 1095.8 1095.7 1095.6 2186.0 2.2 2183.8
1977 1156.0 1156.o 1155.8 2218.6 4.6 221)4.0
1978 1219.6 1219.5 1219.2 2251.7 7.5 2244.2
1979 1286.7 1286.6 1286.1 2285.3 10.9 2274.3
1980 1357.5 1357.4 1356.6 2319.0 14.4 2304.5
1981 1432.1 1432.0 1)431.0 2353.7 17.9 2335.7
1982 1510.9 151o.8 1509.5 2388.4 21.4 2367.0
1983 1594.5 1593.9 1592.3 2423.1 24.9 2398.1
1984 1681.7 1681.6 1679.6 2457.8 28 .4 2429.3
1985 1774.1 1774.1 1771.8 2492.5 31.9 2460.5
1986 1871.7 1871.7 1869.1 2525.6 35.4 2h90.2
1987 1974.7 1974.7 1971.7 2558.8 38.9 2519.8
1988 2083.3 2083.5 2080.2 2592.0 42.4 2549.5
1989 2197.9 2198.1 2194.5 2625.1 45.9 2579.2
1990 2318.7 2319.2 2315.2 2658.3 49.4 2608.8
1991 2446.3 2447.0 2443.7 2688.1 52.9 2635.2
1992 2580.8 2581.9 2577.3 2718.0 56.4 2661.5
1993 2722.8 2724.2 2719.4 2747.8 59.9 2687.9
1994 2872.5 2874.4 2869.5 2777.7 63.4 2714.3
1995 3030.5 3032.9 3028.0 2807.5 66.9 2740.6
1996 3197.2 3200.1 3195.2 2833.3 70.4 2762.9
1997 3373.0 3376.6 3371.6 2859.2 73.9 2785.2
1998 3558.5 3562.7 3557.8 2885.0 77.4 2807.5
1999 3754.3 3759.1 3754.2 2910.8 80.9 2829.8
2000 3960.7 3966.6 3961.6 2936.6 84.4 2852.1

Note: a/ 1970 prices
b/ Reinvestment Assumption B (see text)
c/ The rationale for this adjustment is explained in the text
d/ The assumptions are those of the Bank's own projection.
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Table 6

Income per Head with and without the Project

$(J)

Increase in Per capita, Increase in
Per Capita Per capita. per capita income with per capita

Year Income with-- income with income due project excl- income due to
out project project a/ to project uding family project excl-

consumptionD. uding family
consumption_/

1972 429.3
1973 4146.2
1974 463.8 463.8
1975 482.1 482.3 0.2 482.3 0.2
1976 501.3 501.8 0.5 501.7 0..4
1977 521.0 522.1 1.1 522.0 1.0
1978 541.6 543.4 1.8 543.3 1.7
1979 563.0 565.7 2.7 565.5 2.5
1980 585.4 589.o 3.6 588.7 3.3
1981 608.5 613.1 4.7 612.7 4.2
1982 632.6 638.3 5.7 637.7 5.1
1983 657.8 664.6 6.8 664.0 6.2
1984 684.2 692.2 8.0 691.4 7.2
1985 711.8 721.0 9.2 720.1 8.3
1986 741.1 751.6 10.5 750.6 9.5
1987 771.7 783.7 11.9 782.5 10.8
1988 803.8 817.8 13.5 815.9 12.1
1989 837.2 852.3 15.1 850.8 13.6
1990 872.3 889.0 16.7 887.4 15.1
1991 910.0 928.6 18.6 926.9 16.9
1992 949.5 970.0 20.5 968.4 18.9
1993 990.9 1013.5 22.6 1011.7 20.8
1994 1034.1 1059.0 24.9 1057.2 23.1
1995 1079.4 1106.6 27.2 1104.9 25.5
1996 1128.4 1158.2 29.8 1156.5 28.1
1997 1179.7 1212.3 32.6 1210.5 30.8
1998 1233.5 1269.0 35.5 1267.2 33.7
1999 1289.8 1328.4 38.6 1326.7 36.9
2000 1348.8 1390.7 42.0 1389.0 40.2

a/ With reinvestment assumption B

b/ The rationale for this adjustment is explained in the text.
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on per capita income, in subsequent years, of averting, say, 10,000

births in 1975, the effect of averting one birth in 1975 will be 0.01

percent of that amount. The difficulty is that if one starts by con-

sidering only one man, certain economic consequences which are impor-

tant for large numbers become ignored. For example, it is usually

held that the output of an additional entrant to the labor force (some-

times less his own consumption) is a benefit of a birth, whereas a

benefit in terms of;increasing income per head will in fact only result

if the entrant tends to raise average productivity (instead of dimini-

shing it, as would normally be expected) or if he had a below average

productivity. If methods of predicting the effects of population change

on output improve and involve more complicated considerations than at

present (e.g. by letting one predict the effect on the increased con-

sumption of food on productivity, or make more elaborate estimates of

saving), it should be easier to considerthem inamacroeconomic framework.

Areas for further research

Apart from the conclusion that the study of cost-effectiveness

of different contraceptive methods and approaches to the organization

of family planning programs in terms of their yield of births averted

should be more important than the improvement of cost-benefit techniques,

this paper has highlighted two other areas in which our knowledge is less

than adequate. The first is how individual parents select a desired

family size. The second is the effect of family size differences

on savings. In both areas research has, of course, been done, but

mr impression is that we are far from any agreed findings.
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There is also one major problem of importance which neither

this paper nor others dealing with this topic have tackled. All the

methods so far proposed (including my own) ignore the facts that we live

in a world of fixed dimensions and that wie clearly consume large quanti-

ties of non-renewable resources. The ultimate worry about population

growth is that with any steady, positive rate of growth, sooner or later

mankind runs out of something that will bring economic growth to a dras-

tic end - possibly living space, possibly food, possibly some "eco-cat-

astrophe"' The rational use of resources in fixed supply is not usually

to be obtained by hundreds of millions of families making independent

decisions. The problem arises even with the population growth rates of

the presently industrialised countries - but if world population were

growing at only 0.5% - 1% a year, it might perhaps be felt that we could

leave the question of what to do to our great grandchildren. With pop-

ulation growth rates of around 3d however, the present generation is by

no means free from anxiety. Even if we do not run out of anything vital,

the pressure of population will lead to the reduction of various amen-

ities and in particular will threaten the preservation of large areas

relatively untouched by man, whose existence brings an undoubted psychic

benefit to millions of people. This problem is not a consequence simply

of population growth. Some reduction in such amenities is inevitable as

a consequence of the highly desirable rise in incomes through the process

of economic development. Nevertheless population pressure undoubtedly

will make such problems worse.

It is very hard indeed to think of satisfactory ways of in-

corporating this factor into project analysis. We lack both information
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as to the consequences of population growth, and methods of expressing

such consequences in ways to make them commensurate with other conse-

quences. We do not know how the time dimension involved in these

choices ought to be assessed. Whether this is ever accomplished or not,

it is very important not to forget the issues involved. Until we can

do this, however, other measures of the benefits from family planning

projects will be underestimates up to the point at which the population

growth rate is brought down to zero.

The issues here go far beyond the desirability of improving

techniques of project evaluation. They raise the whole question of the

optimal time rate of use of fixed resources, and the weight that should

be put on this generation's consumption at the possible expense of

future generations. The issues inside this Pandora's Box are some of

the most difficult to resolve in economics. In no sense can there be

said to be agreed solutions to the problems that are raised. Because

of their importance to all questions of population economics, they

deserve a fresh treatment.





APPENDIX

The Algebra of the Ccst-Benefit Calcu3.ations

This appendix sets out the algebraic basis of the proposed

method of cost-banefit analysis, and then explains how particular bene-

fit-cost ratios described in the text were calculated. A few comments

on the u3e of such ratios follow.

1. The Freeing of Resources

Define Q, as the resources freed from other uses by the project

in year 1 (the first year of operation). This equals resources freed

for use within the families in which births are averted (U 1 ) + the net

resources freed for government use (G 1 ).

Resources freed for family use are either consumed (F 1 ) or

saved (S1)

i.e. U1 F1 +3 (1)

Resources freed for government use are derived from savings on child-

related expenditures such as health and education (E1 )less the recurrent

costs of the project (Cl)

i.e. 1 = h ~ Cl (2)

Hence Q 1 F1 + S1 + G1 (3)

2. r2lTe Effect on National Income

We calculate now the effect on national income of this freeing

of resources.

Define 1= investment in year 1.

This equals family savings plus the investment out of resources

freed from government use, defined as R G .
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i.e. I1 1= + G1 (4)

Therefore additional national income in year 2 as a result

of resources freed in year 1 (defined as AY2) is given by

Y% = rIl o rSa + rRG1 (5)

where r is the rate of return on investment (assumed the same in both

public and private sectors).

The return on the private savings is taxed at a rate t. It

then becomes available for reinvestment by the government.

A further proportion, v, is reinvested privately;.

therefore I2 = vrS, + tRrS + rR2G1 + S2 + RG2 (6)

All rates of return are assumed to be net of depreciation.

The rate of return on each year's investment continues in all subse-

quent years. The increase in income in year 3 includes the return on

investment in years 1 and 2.

Hence &Y3 rS, + rRG, + r2vS, + r2tR5j+.r2R2Gl + rS2 + rRG2 (7)

3. Scurces of additional Income

It will be helpful to group together the different sources

of additional income in the above exDression into 3 groups as follows:

The first is from private savings:

(1) Let YSi Additional income from private savings in Year i

From (7) YS3 = rS, + r2vS + rS2 = Sir (1 + rv) + rS2 (8)

Similarly

Ysh = rS1 + r2vsl + rS 2 + rv (rS 1 + r 2 vSl + rS 2 ) + rS 3

i.e. Ys4 = rSE (1 + 2rv + r2v2) + rS2 (1 + rv) + rS3 (9)

and Y.i = r rs, (1 + rv) (i-2) + S2 (1 + rv) (-3) +........... S (i )]
1 I (-)



i.e. Ysi r.Sk (1 + rv) (i - (k+l)) (10)

k I ............. (i-1)

i 2, 3, 4......

(2) Let Yti - Additional income from the reinvested tax revenue in year

i;

Hence, from (7), Yt3 - r 2 tRS, = rtRY. 2 (U)

A proportion, R, of this income is reinvested and so is a similar

proportion of the taxes paid in 'Lear 3;

Hence Yt4 = r(rtR2Y.2 + tRYs 3 )

= t(r2R2Ys2 + Rry.3) (12)

Similarly Yt8 = t (r3R3Ys2 + r2R2Ys3 + rRY.3)

Yti t(rRY,(i_l) + (rR)2Ys(1 . 2) + (rR)3Ys(j.. )

= t Z(rR)l Ys(i-j) (13)

j = 1..(i-2)

Substituting (10) into (13)

Yti = tr . E (MR) Sk (1 + rv) ( i-j(k )) (14)

j = 1....(i-2)

k 1 l.... (i-1)

i 2....

(3) Let Ygi - income from government reinvestment in year i

From (7) Yg3 = rRG1 + (rR)2 Gl + rRG2 (15)

Similarly Yg4 = rRG1 + (rR)2G, + rRG2 + (rR)2G0 + (rR)3G0 + (rR)2G2 + rRG3

rR[Gl(l+rR)2 + G2 (1 + rR) + G3} (16)

By analogy with equation (10)

Ygi - rR Z Gk (1 + rR) (i-(k+l)) (17)

k -l....(i-l)
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4. The calculation of a benefit-cost ratio

The total addition to income in year i is now

Yi = Y + Y + Y gi (18)

lAWe then express on a per capita basis the change in income:

Define Yo, as national income in year i in the absence of the

project, P i as the population in year i in the absence of the project,

Pi as the population with the project.

Let yoi = Yoi i.e. per capita income without the project.

Poi

Yi = Yoi + AYi i.e. per capita income with the project.

Pi

Hence the net benefits of the project in year i, Bi., are equal to

To calcculate the benefit-cost ratio I derived the present value in year

1 of the stream of discounted net benefits

B , \Yi - Yoi (g_ O(19)

These have been compared with capital costs. Like the net benefits,

these have been put on a per capita basis and discounted back to the

first year of any expenditure - in this case only for 2 years. Capital

costs are defined as Kl, K2 in-years 1 and 2 respectively.



Per capita capital costs are k = 
1 p1

"2
and k P2

The present value of per capita capital costs discounted to year 1 is

thus

K - * (20)
1 (1+r)

Hence the benefit-cost ratio first derived was

7 Yi Yoi

B + (1+r)1
(21)

ki + k 2

(1+r)

I subsequently subtracted from net benefits the income whose

use was retained within the family for its direct consumption, defined

earlier as Fi.
F.

This must also be put on to a per capita basis fi - P

Define BP B. - fi

Hence B., - (22)

and a new ratio R was calculated.

An Alternative Benefit-Cost Neasure

The purpose of any project evaluation is not to see how high

a ratio of benefits to costs one obtains, but to check that the project

is a profitable way to use scarce resources. If the prices of inputs

and outputs reflect their true opportunity costs to the econoi7q, then



we are only interested to check that the benefit-cost ratio exceeds 1

(or that the internal rate of return is greater than the return on

other investments). The very high benefit-cost ratio of this project

reflects in part the form of the benefit-cost ratio used. Recurrent

costs were subtracted from benefits to give net benefits and the stream

of these discounted net benefits was divided by discounted capital costs.

An alternative measure would put gross benefits into the numerator and

capital costs and discounted recurrent costs in the denominator. The

effect of doing this would be to reduce the numerical value of the

ratio (which it wiU always do if the other form of the ratio exceeds

1), since in this case, the size of recurrent costs is large relative-

ly to capital costs. This measure would be more tiresometo calculate

by hand, but not if carried out on a computer.

To derive such a measure, remember that Ygi is defined as the

net addition to national income from the investment and reinvestment of

resources freed for government use, Gi; and Gi was defined as Ei - Cj,

where Ei are gross government savings on child-related expenditure and

Ci are recurrent costs. Hence we can define measures, Yei and Y

which bear the same relation to E and C as Ygj does to G.;

i.e. by analogy with (17)

= rRZEk (1 rR) (i-(k+l)) (23)

k = l... (i-1)

yci = rR7Ck (1 + rR) (i-(k+l)) (2.)

k = 1. .. (i-1)
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Hence

A Yi Y jY 4+ Yti + Yei - y.i (25)

Define Di -yi + + Yei as gross income benefits and di as

the related per capita benefits.

Hence Bi ' d - Yoi ci (26)

Define Zi di yi. This is a measure of gross benefits in year 1.

Hence B * (27)

' Ziyci

and B * )2

K -. +k (28)K k, + k2

(1r)

The alternative cost-benefit ratio can be written

Zi

La (l+r)

Hmk + k (29)h 2 Yci (9

(l+r) . (r)i

B + ; Yci
K (j4)i (30)

y + ,Yci
,\ -w
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The question of which ratio is more suitable has often been

discussed.!/ It is clear that there is no general answer to this.

Having verified that the project is profitable, one naturally would

like to ask "how much more profitable than other projects?". The

question must be more sharply phrased however. Do we mean profitable

in relation to initial investment or all costs - and over what time

horizon? None of the possible measures - either benefit-cost ratios

or internal rates of return - give answers that are appropriate to all

occasions.

1/ A good survey of them is in 0. Eckstein "A Survey of the Theory of
Public Expenditure Criteria" in Public Finances: Needs, Sources
and Utilization, A Conference of the Universities - National
Bureau Committee for Economic Research (Princeton N.J: Princeton
University Press, 1961).


