Sirenin is an oxygenated sesquiterpene
secreted by the female gametes of Allo-
myces, and it acts by attracting the male
gametes.

The isolation and characterization of
these substances opens the way to studies
of the functions they govern and of the
manner in which this government is ac-
complished.
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Feedbacks in Economic and
Demographic Transition

A neo-Malthusian and an alternative model of development
are compared and tested against the real world.

Demographic transition and eco-
nomic development are not indepen-
dent phenomena. If there is such a thing
as a ‘“population problem,” it cannot
be understood and solved in isolation
from the complex process of national
development, of which economic de-
velopment is but one aspect.

Needs and resources for health and
family-planning programs evolve in the
context of the successive stages of
«lemographic transition and economic
development. We have to agree on the
nature and magnitude of the interac-
tions between population and economic
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phenomena at the various stages of

‘national development (called simply

“development” hereafter) before we
can agree on how much of what is
most appropriate and effective in the
circumstances in question.

Neo-Malthusian Model

A neo-Malthusian school believes
that the process of development is im-
peded when the rate -of population
growth is high, and that this high rate
of growth is the result of a rapid re-

Thie author is chief of the Division of Analysis and Evaluation, Population Service, Agency for
International Development, Department of State, Washington, D.C. This article is adapted from a
paper presented at the symmpesium..on “Global Systems Dynamics,” held at the University of Virginia,
Charlottesville, from 17 to 19 June 1969. It is based in part on a paper presented at the annual
meeting.-of. the American Public Health Association in November 1968.

‘14 NOVEMBER 1969

29. O. Sabek and H. Jidger, paper presented be-
fore the 148th meeting of the American
Chemical Society (1964).

30. L. Caglioti, G. Cainelli, B. Camerino, R.
Mondelli, A. Prieto, A. Quilico, T. Salvatori,
A. Selva, Chim. Ind. (Milan) 46, 961 (1964).

, Tetrahedron Suppl. 7, 175 (1966); G.
Cainelli, P. Grasselli, A. Selva, Chim. Ind.
(Milan) 49, 628 (1967).

32. M. Plempel and G. Braunitzer, Naturforsch.
13, 302 (1958); M. Plempel, Naturwissenschaf-
ten 50, 226 (1963); , Planta 59, 492
(1963); , ibid. 65, 225 (1965).

33, H. van den Ende, Nature 215, 211 (1967);
J. Bacteriol. 96, 1298 (1968).

34, G. W. Gooday, New Phytol. 67, 815 (1968);
Phytochemistry 1, 2103 (1968).

35. D. J. Austin, J. D. Bu’Lock, G. W. Gooday,
Nature 223, 1178 (1969).

36, L. Machlis, W. H. Nutting, M, W. Williams,
H. Rapoport, Biochemistry 5, 2147 (1966).
37.-W. H. Nutting, H. Rapoport, L. Machlis, J.

Amer. Chem. Soc. 90, 6434 (1968).

38. L. Machlis, Physiol. Plant. 11, 181 (1958).

39. Y. Ohta and Y. Hirose, Teftrahedron Lett.
1968, 1251 (1968).

40. M. J. Carlile and L. Machlis, Amer. J. Bot.
52, 478 (1965).

41, ————, ibid., p. 484.

42, A. W. Barksdale, M. J. Carlile, L. Machlis,
Mycologia 57, 138 (1965).

43. I am indebted to the following persons for
help in preparation of the manuscript: B.
Bloswick, B. Winkler, T. C. McMorris. H.
McMorris, S. Canham, and Kwang S. Kim.
The research discussed is supported by NIH
grant HD 00850.

31

duction in mortality, which in turn is
the result of alien technology’s increas-
ing the effectiveness and efficiency of
health services quite independently of
levels of production and consumption.
Let me quote from some writers who
belong to this school.

The death rate in less-developed areas
is dropping very rapidly . . . and without
regard to economic change. . . .

The less-developed areas have been able
to import low-cost measures of control-
ling disease, measures developed for the
most part in the highly industrialized so-
cieties. The use of residual insecticides to
provide effective protection against ma-
laria at a cost of no more than 25 cents
per capita per annum is an outstanding
example. . .

The death rate in Ceylon was cut in
half in less than a decade and declines
approaching this rapidity are almost com-
monplace. The result of a precipitous de-
cline in mortality while birth rate remains
essentially unchanged is, of course, a
very rapid acceleration in population
growth. . . ,

In the longer run, economic progress
will eventually be stopped and reversed
unless the birth rate declines or the death
rate increases [1].

The higher the population growth, the
harder becomes the task of breaking
through the Malthusian trap. A vicious
spiral is set into operation. Because of a
high rate of population growth, industrial-
ization is difficult to attain. Because there
is no industrialization, the birth rate and
the rate of population growth remain high
[2].

It may seem indecent to some to sug-
gest that medical research first be con-
centrated on those diseases whose control
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will do most to improve the happiness
and ability to work of people without
reducing infant mortality. . . . [3].

. Public health measures which can
save millions of lives should not be prac-
ticed in China on a nationwide scale until
the stage is set for a concurrent reduction
in the birth rate [4]. .

Another 10 to 15 points of the initial
death rate of 40 per thousand may be
attributable to inadequate diet, clothing
and shelter, with malnutrition the primary
cause. This is of direct concern to eco-
nomic policy makers because it suggests
that extra investments that do not increase
the food supply, whether directly or in-
directly through international trade, may
temporarily be preferred to those that do

1

Thus, a neo-Malthusian model of
economic and demographic transition
may seem quite plausible, at least when
used to explain failure or to predict
the probability of failure (Fig. 1). But
in order to explain successful develop-
ment, we have to explain how countries
proceed from low to high levels of pro-
duction and consumption, and from
high to low levels of mortality and fer-
tility.

A more humanitarian version of a
neo-Malthusian model of successful
development would allow some reduc-
tion in mortality, but not too rapid a
reduction, so that a concurrent and

Low levels of production and consumption,
and high levels of mortality and fertility.

increasing production per capita

} |

increasing levels of
living
per capita

T v

rapidly decreasing mortality

¢

rapidly increasing population growth

decreasing production per capita

¢

decreasing levels
of living

constunf high
fertility

v

increasing quantity of
health services

increasing application
of alien technology

v

increasing effectiveness
and efficiency of health
services

-

+

constant quantity of
health services

per caplta

slowly decreasmg /

mortality

slowly increasing population growth

¢

further decreasing production per capita:

v

further decreasing
levels of living

consfunt high
fertility

T~

¢

decreasing quantity
of health services
per ccpnfa

mcrecsmg
mortality

decreasing population growth

Low levels of production and consumption,
and high levels of mortality and fertility.

Fig. 1. Neo-Malthusian model of failure of economic and demographic transition.
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commensurate reduction in fertility
would keep population growth to a
minimum and raise the formation of
capital to a maximum (Fig. 2). Such a
model of economic and demographic
transition implies that high levels of
production could be achieved when
consumption, mortality, and fertility
are, at best, still at intermediate levels.

Even if it were feasible to achieve
high levels of production by some such
shortcut, bypassing commensurate im-
provements in the levels of living and
health and commensurate reductions in
mortality and fertility, high levels of
production alone would hardly meet
the criteria for successful development.
It remains to be seen, in the real world,
whether the neo-Malthusian model is
a shortcut to successful development.
Yet, as a possible result of uncritical
acceptance of the neo-Malthusian
model, with its explanation of failure
in development, “health programs,”
says Taylor (6), “which once repre-
sented a major effort in American tech-
nical assistance, are now being quietly
downgraded or phased out in most
[underdeveloped] countries except those
that are obviously under-populated,
such as Ethiopia.”

Alternative Model

An alternative model of successful
economic and - demographic transition
would seem to explain more readily
the transition from low to high levels
of production and consumption, and
from high to low levels of mortality
and fertility (Fig. 3).

This alternative model assumes that
improvements in the standard of living
and decreases in the mortality and fer-
tility rates are linked in a process of
“concurrent;, circular, and cumulative
causation” (to use the language of Gun-
nar Myrdal). This model stresses the
human factor in development and
views a drop in the mortality rate as
part of the solution of the population
problem, not as a cause.

A reduction in mortality is consid-
ered a necessary, although insufficient,
condition for a reduction in fertility.
Mortality trends may influence fertility
trends by way of two mechanisms: (i)
with reductions in mortality, compen-
satory reductions in fertility are re-
quired if the desired family size is to
be achieved; (ii) when there is less un-
certainty about survival, as well as a
higher probability of survival, the de-
sired family size may be reduced.
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Low levels of production and consumption,
and high levels of mortality and fertility.

}

increasing application

rapidly increasing production per capita < . .
of alien technology increasing
| | | )
increasing effectiveness slowly increasing slowly increasing E—
and efficiency of family quantity of levels of living
planning as well as health services —p
health services per capita \
concurrently and slowly decreasing
commensurately mortality
decreasing fertility /
constant low population growth through slow and balanced
declines in mortality and fertility with a slow rise in levels
of living
l increasing
rapidly increasing capital formation fitness
- for work

1

Low levels of production and consumption,
and high levels of mortality and fertility.

High levels of production, and intermediate
levels of consumption, mortality and fertility.

Fig. 2 (above). Neo-Malthusian model of successful takeoff

in economic and demographic transition.

Fig. 3 (right).

and fertility.

In regions where there had been
considerable variation in the number
of child deaths from family to family,
a reduction in overall mortality might
result in a reduction in fertility larger
than that required to offset the reduced
probability of child loss. Thus, a re-
duction, at the family level, in uncer-
tainty concerning the survival of chil-
dren might tend to make people want
smaller families.

Let me quote from some of the writ-
ers who have arrived at similar con-
clusions.

. . . The removal of any of the particular
causes of mortality can have no further
effect upon population than the means of
subsistence will allow. . . . Of its opera-
tion in tending to prevent marriage, by
dimin‘shing the demand for fresh supplies
of children, I have no doubt [7].

To some extent the birth rate is in-
fluenced by the death rates in the lower
age groups. A reduction in child
mortality would probably reduce birth
rates after a lag of several decades [5].

Low death rates, or conditions under-
lying low death rates, merit consideration
as contributory factors, if not as pre-
requisites, for low birth rates [8].

No efforts of social-economic develop-
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Alternative model of successful
and demographic transition from low to high levels of produc-
tion and consumption, and from high to low levels of mortality
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ment can be su-cessful in a disease-ridden
population, or will a desire for small
families be likely to emerge [9].
Mortality varies inversely with econom-
_ic indicators of the levels of living. In a
balancing movement, fertility tends toward
approximate equilibrium with mortality.
. a deliberate reduction in fertility is
a sequel to a reduction in mortality which
develops individual and collective motiva-
tion as well as the need for a commen-
surate restraint of fertility [/0].

High fertility has been an adjustment
to high and unpredictable mortality. . . .
Availability of birth control is largely
irrelevant until the desired number of
living children is secured [/1].

The frequency of births in a population
can be uncerstood in terms of three groups
of factors that influence parents’ desires
for births. First there is a family size
goal or a number of surviving children
that parents want. This goal is determined
by a host of environmental factors that
modify the relative attractiveness of many
versus few children. Second is the incidence
of death, mainly among offspring, which
necessitates a compensating adjustment in
birth rates to achieve any specific family
size goal. Third is the effect of uncertainty
in the family formation process where
births, deaths, and remarriage are unpre-
dictable [72].

In nations with traditionally high child
mortality, this desire of fathers to have

sons who will outlive them acts as a de-
terrent to restriction of family size [73].

It was generally agreed that in high
mortality countries, the thing not to do is
blanket the country with a massive family
planning program. programs will
usually not emerge in countries where the
population perceives that the high rate
of infant mortality is either high by their
standards or is not declining [/4].

Although the world-wide population ex-
plosion has been created by a decline in
death rates paradoxically a further de-
cline in mortality in the less developed
nations may be an invaluable aid for
curbing the current rate of population
growth [I5].

The authors quoted above seem to
support one or other of the basic as-
sumptions (concerning the interactions
between mortality, fertility, and levels
of living) which underlie the alternative
model of successful development. But
those authors may or may not support
the alternative model, which puts these
basic interactions together in a con-
current, circular, and cumulative proc-
ess of transition from low to high levels
of production and consumption, and
from high to low levels of mortality
and fertility (Fig. 3).
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Comparison of the Models .

Comparison (Fig. 4) of the neo-
Malthusian model (Fig. 2) and the
alternative model (Fig. 3) indicates
three essential differences.

The neo-Malthusian model views a
reduction in mortality as an increase
in population growth, whereas the
alternative model notes the transitory
nature of the “population explosion”
~and emphasizes the improvement in
health, productivity, and longevity.

The neo-Malthusian model explicitly
or implicitly assumes that levels of mor-
tality are now quite independent of lev-
els of living, whereas the alternative
model assumes that levels of mortality
are still quite dependent on levels of
living, although the relative effective-
ness of health services increases with in-
creasing levels of living.

The neo-Malthusian model ignores
any dependence of fertility trends on
mortality trends, whereas the alterna-
tive model assumes that reductions in
mortality develop the need and desire
for family planning.

Empirical Test of the Models

At any given point of development,
the economic growth rate per capita
approximates the economic growth rate
minus the population growth rate. This
may have led some to equate the pop-
ulation problem with excessive popu-
lation growth. But it does not follow
that a decrease in the population
growth rate would be associated with
a commensurate increase in the eco-
nomic growth rate per capita.

Cross-sectional comparison of non-
linear regression lines for population
-growth rates, economic growth rates,
and economic growth rates per capita,
for 67 countries, plotted by gross na-
tional product per capita, indicates no
obvious correlation between population

Neo-Malthusian Model

growth rates and economic growth
rates per capita (Fig. 5).

The linear correlation of the rate of
population growth with the rate of eco-
nomic growth per capita for the 67
countries was only weakly negative
(r=-—0.32), even though the popula-
tion growth rate serves as denominator
for the dependent variable. In contrast,
the linear correlation of the rate of
economic growth with the rate of eco-
nomic growth per capita was strongly
positive (r=0.88). The linear correla-
tion of the rate of population growth
with the rate of economic growth was
only slightly positive (r=0.15).

A statistical significance test was
performed only for the latter correla-
tion—that between the rates of popu-
lation growth and of economic growth
—since only these two variables are not
algebraically related to each other. The
correlation (r=0.15) was not signifi-
cant even at the 5 percent level of
probability.

Actually, the rate of per capita eco-
nomic growth is a poor indicator of
development. A low rate of economic
growth per capita can be the result of
a balance between high or low rates
of economic and population growth
and thus may be found in countries
with any rate of economic growth, and
with any rate, and at any level, of
development.

Moreover, the rate of population
growth is a poor indicator of the “pop-
ulation problem,” or of its solution,
since this rate tends first to rise and
then to fall in the course of the mod-
ernization process.

Rather than rely exclusively or pri-
marily on the population growth rate
as a basis for understanding, measur-
ing, and influencing the demographic
transition, it would be better to rely
on the birth rates and death rates from
which the population growth rates are
derived.

Thus, in the real world, successful

~

development is associated with increas-
ing levels of consumption and of capi-
tal formation and with decreasing levels
of mortality and fertility—first mortal-
ity, then fertility (Fig. 6).

Incidentally, the rise in the crude
death rates toward the higher values
for gross national product per capita
is a result of the aging of the popula-
tions, which in turn is a result of the
declining birth rates. If the death rates
could have been adjusted for the differ-
ences in age distributions, there would
not have been such an apparent rise
in the death rates at the higher values
for gross national product per capita.
Unfortunately, not enough comparable
detailed data were available to permit
adjustment of the death rates for dif-
ferences in the age distributions.

The objection might be raised that
these comparisons are cross-sectional,
and that these relationships that existed
at a point in time would not hold true
in longitudinal comparisons over a
period of time.

The historical tendency for mortality
trends to vary inversely with the stan-
dard of living and for fertility trends
to maintain or restore approximate bal-
ance between mortality and fertility is
indicated by the economic and demo-
graphic transition that has occurred in
France over the past two centuries
(Fig. 7).

A similar tendency toward approxi-
mate balance between mortality and
fertility has been observed in Japan
(Fig. 8), where the demographic transi-
tion began much later than it did in
France. Whereas France was the first
country to enter into the process of
demographic transition, Japan was one
of the latest countries to complete it.

When one compares the experience
of France and of Japan, it seems that
the process of transition has been ac-
celerated. Whereas improvements in
the standard of living and reductions
in mortality have accelerated, the lag

Alternative Model

Dependent

Independent Variables

Dependent

Variabl
ariables Levels of living

Mortality

Fertility Variables

Independent Variables

Levels of living Mortality Fertility

Levels of Living

&) -

Levels of living

@ —
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O

+ Mortality

/

© +
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Fig. 4. Neo-Malthusian and alternative models of demographic and economic interaction. The circles focus attention on those
interactions which are essentially different in the two models. Plus or minus signs indicate a positive or negative association.
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between mortality and fertility may
have remained more or less constant.
Thus, we are observing more violent,
but transitory, “population explosions.”
Once the fertility trend turns down-
ward, the reductions in fertility are also
accelerated.

Japan, it might be argued, was a
rapidly developing country at the time
of its demographic transition, and it
was for this reason that the transition
could take place in Japan as late as it
did, but modern medicine has since
changed the course of demographic
transition and the prospects for devel-
opment in the less developed world.

Kirk has noted (I16) that the later
phases of the demographic transition
(that is, definitive declines in birth
rates to low or moderate fertility) have
now reached almost all people of Eu-
ropean ethnic background, but that
Costa Rica and, until recently, Chile
have been exceptions. Kirk made his
statement in 1967; information subse-
quently made available indicates that
Costa Rica and Chile are beginning to
complete the historic process of demo-
graphic transition first observed in
Europe. Thus, in the 5 years between
1962 and 1967, Costa Rica experi-
enced about a 10 percent reduction,
and Chile about a 20 percent reduc-
tion, in fertility.

It might be objected that Costa Rica
and Chile, while they may be develop-
ing countries, are of European ethnic
background, and that their experience
may differ from that of countries of
non-European background. It is for
this reason that the case histories of
Ceylon and of Mauritius are cited here,
since these countries were first selected
by the neo-Malthusian school to bolster
their views.

Many writers—too many to be cited
here—have attributed the dramatic
postwar decline in mortality in Ceylon
solely or largely to the eradication of
malaria. Newman (I7), who has stud-
ied the case history of Ceylon more
than most, has concluded that eradica-
tion of malaria has accounted for 42
percent of the postwar decline in the
death rate of Ceylon. Titmuss and
Abel-Smith (Z8) have attributed most
of the dramatic decline in mortality
between 1946 and 1947 in Mauritius
to eradication of malaria.

If the sequence of events in Ceylon
and Mauritius had demonstrated that
economic development is no longer a
prerequisite for a decline in the death
rate, it might have seemed plausible to
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postulate that modern public health
measures would tend to reduce per
capita income as well as mortality,
should economic development lag; it
might have seemed plausible to infer
that per capita income would rise with
a rise in mortality. But the postulation
of such determinants and consequences
of mortality trends is not confirmed by
the experiences of Ceylon and Mauritius
10).

Although the postwar decline in the

death rate in Ceylon, from 20 to 14
per 1000 in the single year from 1946
to 1947, approximately coincided with
a campaign of spraying with insecti-
cides, the spectacular decline in mor-
tality was about the same for the area
without malaria, not protected by in-
secticides, as for the area with malaria,
protected by insecticides (/9). It has
also been shown (8) that the decline
in mortality was associated with a com-
mensurate development of the econ-
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Fig. 6. Nonlinear regression lines (third degree) for economic and demographic
variables by gross national product per capita (1965), for 67 countries. [Sources of
basic data, United Nations and World Bank]
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omy and rise in the standard of living.

Moreover, the birth rate declined
from a postwar peak of 39.8 per 1000
in 1951 to 31.6 in 1967. In the 5 years
between 1962 and 1967, Ceylon has
experienced a greater than 10 percent
decline in birth rate.

The postwar drop in the death rate
in Mauritius, from 30 to 20 per 1000
in the single year from 1946 to 1947,
was also attributed mainly to the use
of insecticides. But the spraying cam-
paign was started in 1949, 2 years after
the dramatic 1947 decline in the death
rate. Moreover, the per capita produc-
tion of sugar, virtually the sole export
of the island, rose sharply as mortality
declined.

Mauritius may follow the pattern of
demographic transition displayed in
the course of history in the West.

First, the inverse relationship be-
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1812 and 1910, in France. [For sources
of basic data, see (22)]

842

tween (i) the mortality rate and (i)
the standard of living indicated by the
per capita proceeds (in 1939 rupees)
from sale of the principal cash crop
suggests that reductions in mortality
are still dependent on commensurate
improvements in the standard of liv-
ing. Improvements in health services
may be involved, but only as a part
of general improvements in living stan-
dards (Fig. 9).

Second, the fertility trend has now
turned downward, decisively so, about
20 years after the dramatic downturn
in the death rate. From a postwar peak
of 49.7 per thousand in 1950, the birth
rate declined to 30.4 in 1967. In the
5 years between 1962 and 1967,
Mauritius experienced about a 20 per-
cent decline in the birth rate. This
seems to confirm the experience of
other countries: a reduction in mortal-
ity is a precursor of, and perhaps a
prerequisite for, a reduction in fertil-
ity in the course of demographic transi-
tion (Fig. 10).

Thus, Mauritius experienced a pop-
ulation explosion. As the word implies,
an explosion is a transitory phenome-
non. The sharp increase in the rate of
population growth calls for individual
and collective decision making., With
lower mortality, the traditional and
practical family size can be achieved
with lower fertility. Moreover, the less-
ening of uncertainty about whether
one’s children will survive, and the
greater overall probability that they
will, may induce parents to want fewer
children than they have wanted in the
past. Thus, reduction in mortality, by
influencing the decision concerning
family size as well as facilitating its
realization, may. operate by way of two
mechanisms to develop motivation to-
ward a reduction in fertility.

In the course of economic and
demographic transition, a reduction in
mortality induces a population explo-
sion which may, in turn, induce a
commensurate reduction in fertility,
thereby restoring approximate balance
between mortality and fertility.

The qualitative nature and directions
of the feedbacks in the alternative
model (Figs. 3 and 4) seem to be con-
sistent with the relationships observed
in the real world, as indicated by lon-
gitudinal as well as cross-sectional ob-
servations, and by historical as well as
contemporary case- histories (Figs. 5
and 10). Let me say again that case
histories of Ceylon and Mauritius ‘were
first cited by those who wanted to

bolster their neo-Malthusian views. But
the actual events in these countries
seem to refute the neo-Malthusian
model and to support the alternative
model of economic and demographic
transition.

Additional empirical evidence for
the alternative model has been pre-
sented elsewhere (10, 20).

Dynamics of Transition

The dynamic equilibrium of eco-
nomic and demographic transition in
the postwar era may be indicated by
empirical equations describing the
quantitative and qualitative relation-
ships between changes in mortality, fer-
tility, and living standards in 21 coun-
tries, for which comparable data were
available.

The equations imply that the pro-
spective rate of natural increase can be
estimated on the basis of the rates of
fertility and mortality in the base year
and the relative change in per capita
product at constant prices.

The relative change in natality n in
year ¢t can be expressed in terms of
natality # and mortality m in the base
year o:

ne _ a t—o
ne [_(7:“;7: me)b.
(a and b are constants).

The relative change in mortality m
in year ¢ can be expressed in terms of
the relative change in per capita prod-
uct (at constant prices) p in year t:

c t—o
e (ﬁ)d
n, po

(c and d are constants).

When the equations for relative
changes in natality and mortality are
combined, the rate of natural increase,
n—m, in year t can be expressed in
terms of natality # and mortality m in
the base year o and the relative change
in per capita product (at constant
prices) p in year t:

o

c t—o
" ﬂ)d}
P,

The empirical derivation of the
equations and of the constants a(=
1.028), b(=0.016), ¢(=1.085), and d
(=0.018) are described elsewhere
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(20). The parameters can hardly be
expected to predict the trends in vital
events in all countries at all times, at
least with any great degree of accu-
racy. For one thing, the values of the
constants were derived from data un-
corrected for differences in the age dis-
tributions. Second, the process of eco-
nomic and demographic transition is
constantly accelerating, as indicated by
comparisons of the tempo of transition
in developing countries with the tempo
of the historical process in Europe.

But the equations were remarkably
accurate in predicting or explaining the
recent changes in the levels of fertility,
mortality, and natural increase in Chile
and Costa Rica. The recent dramatic
turn in the trends of vital events in
Chile and Costa Rica would have been
missed had it simply been assumed
“that current trends continue.”

The population projections for Costa
Rica, published by the United Nations
in 1966 but based on data available in
1963, implied a rate of population
growth of 3.9 percent in 1965 (an aver-
age annual rate of 4.0 percent between
1960 and 1965 and 3.8 percent be-
tween 1965 and 1970). The United
Nations has since reported that the ac-
tual rate of population growth in 1965
was 3.1 percent. By substituting, in the
foregoing equations, the birth rate and
the death rate in 1960 and the relative
change in per capita gross national
product at constant prices between
1960 and 1965, we would estimate the
1965 population growth rate to be 3.3
percent in 1965.

Of course, the estimate of the death
rate, and the rate of population growth
derived therefrom, require economic
data first available sometime after
1965, and for this reason this part of
the equation is explanatory rather than
predictive. But the estimate of the birth
rate (number of births per 1000 popu-
lation) obtained by means of this equa-
tion can be based solely on demo-
graphic data available in the base year.
Such an estimate, for Costa Rica, based
on the 1960 birth rate of 48.4 per
1000 and the 1960 death rate of 8.6,
yields an estimated birth rate of 41.3
in 1965, which quite closely approxi-
mates the actual birth rate of 40.5 for

Of course, no one factor in the equa-
tion can be successfully manipulated
tion can ‘be successfully manipulated
independently of the other . factors, in
the expectation that the other factors
will automatically respond, as if this
were simply a matter of arithmetic.

Demographic Policy for

Demographic Transition

The solution of the “population
problem” is not simply the achieve-
ment of a low rate of population
growth, which could be the result of
a balance between either high or low
birth rates and death rates. All humani-
tarian considerations aside, only low
death rates matched by low birth rates
will provide maximum returns from in-
vestment in human resources and keep
to a minimum the burdens of child
dependency.

Of course, the desired demographic
changes are no more automatic than
the desired economic changes. The sys-
tematic extension of information and
facilities favoring the use of efficient,
effective, and  acceptable methods of
regulating family size is the appropri-
ate response to spontaneous motivation
to limit family size—motivation which
increases as rates of survival increase.

Thus, improvements in the standard
of living, as well as desired changes in
mortality and fertility rates, will result
from an interplay of effort in both the
demographic and the economic aspects
of economic and demographic transi-
tion.

Health measures and family plan-
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Fig. 10. Rates of birth, death, and natural
increase for Mauritius, for the period
1945 to 1967. [Source of basic data,

Demographic Yearbook (United Nations,
New York, 1954-1967)]
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ning, by their effects on morbidity,
mortality, and fertility, can accelerate
the economic transition from low to
high levels of production and consump-
tion. They can also accelerate the
demographic transition from high to
low levels of mortality and fertility by
restoring the balance between mortality
and fertility at the lowest level of mor-
tality attainable with the available re-
sources. With such understanding, the
allocations for health services would be
limited by the availability of resources
rather than by a fear that health ser-
vices might be too effective.

The availability of resources for
competing sectors of development
would be decided by empirical review
of the combinations of allocations to
determine which combination had

achieved a given level of development
in the past and seemed to be necessary
and feasible for achieving the next
level.

Relative Costs and Benefits

The question remains, How should
we or can we plan optimum efforts in
view of the unlimited needs competing
for the limited resources available? If
we are to set realistic health targets,
we must consider political, social, eco-
nomic, and demographic, as well as
administrative, factors. We must con-
sider noneconomic as well as economic
costs and benefits, and we must start
with the given set of circumstances, not
with rarefied abstractions.

Nepal
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Crude birth rate
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Infant mortality
{per 1000 live births) 112
Life expectancy
(years at birth) 73
lnhabitants :
per physician 126

Fig. 11. Profiles of the relative development of Nepal, the U.S.S.R., and the U.S.
(indicated by the histogram) in comparison with ten levels in the global grid of
sectoral development, indicated by the deciles in the rankings of indicators from the
latest year, and the maximum number of countries, for which comparable data are

available. [For sources, see (24)]
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Health planners can dream of com-
prehensive and integrated health ser-
vices, both curative and preventive, for
achieving the ideal state of health as
defined by the World Health Organiza-
tion. But in the real world, available
resources are limited. Moreover, it is
in the less developed parts of the world
that the needs are greatest, and the re-
sources least.

In planning health services as in-
tegral parts of national development,
it would be necessary or desirable to
compare the costs and benefits of alter-
native programs, having different ob-
jectives, in different sectors of the econ-
omy, as well as the costs and benefits
of alternative programs, having the
same objectives, within the health sec-
tor. We must determine the optimum
allocations for all sectors in the context
of multiple needs competing for inade-
quate resources.

But, in practice, cost-benefit analysis
may be neither a practical nor a valid
method of deciding whether a more
efficient and more effective program is
an appropriate alternative for a less
efficient and less effective program
when the two do mot have the same
objective. :

For one thing, we may lack a com-
mon unit of measurement for compar-
ing the costs and benefits of programs
in the health sector with those of pro-
grams having different objectives, in
other sectors. In theory it may seem
possible to quantify the various bene-
fits in dollars, but what seems possible
in theory may not prove feasible in
practice.

Moreover, we lack understanding of,
or agreement on, the innumerable in-
teractions of the multiple factors in the
complex process of development. For
example, death control and birth con-
trol programs may be placed in com-
petition for limited funds. In such a
predicament, the dilemma can be re-
solved neither by moral arguments nor
by cost-benefit analysis. Simple com-
parisons of the ratios of the costs and
benefits of these arbitrary alternatives
would be meaningless and misleading,

On the basis of simple arithmetic,
we find that either more deaths or
fewer births would lower the rate of
population growth. But a low rate of
population growth may be the result
of a balance between either high or
low birth rates and death rates. Only
a balance between low birth and death
rates will give the highest possible ratio
between producers and dependents.
And, as discussed above, only a prior
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reduction of mortality will develop the
motivation needed for limiting family
size.

Thus it is clear that cost-benefit
analyses must be based on valid alter-
natives and not on simple assumptions
and speculations which tend to ignore
the dynamic nature and sequence of
the interactions between economic and
demographic factors. We might feel
assured that a good analyst would take
second- and third-order benefits into
account. Yet, again, what seems pos-
sible in theory may not prove feasible
in practice.

Again (to cite a comparison of the
costs and benefits of another popular
pair of specious choices), it has been
variously calculated that the expendi-
ture on a program of birth control of
either $1 or $5 from each $100 spent
on development can double the rate of
per capita economic growth achieved
by the whole expenditure. But could
we really double economic growth

merely by increasing our investment
in contraception? If that were possible,
we might concentrate on contraception
and eliminate investments in all other
sectors of development. Although the
popular notion that an ounce of con-
traception is worth a pound of devel-
opment has some validity, this does not
mean that birth-control programs could
or should invariably be substituted for
programs that have a less favorable
cost-benefit ratio. The setting of priori-
ties is not simply a mathematical prob-
lem.

Of course, within a given sector, a
more effective and efficient program
may be substituted for one that has the
same objective but a less favorable
cost-benefit ratio, provided the pro-
posed alternative is otherwise appropri-
ate and acceptable.

Actually, there is little need for
complex and controversial economic
and demographic arguments to justify
appropriate action in response to spon-

taneous motivation to restore the bal-
ance between mortality and fertility.
We all know the absurd consequences
projected by extrapolations of imbal-
ances between current mortality and
fertility trends.

Although intersectoral cost-benefit
analyses may not be particularly feasi-
ble, such analyses may be undertaken
intrasectorally in conjunction with an
empirical method, described next, for
intersectoral linking of targeting and
budgeting in a multisectoral system of
development.

Profiles of Relative Development

So far, no comprehensive model of
development for obtaining the best
possible allocations among the in-
numerable needs competing for limited
resources has been generally accepted
and successfully applied. In the absence
of such a model, analysis of national

Table 1. Evolution of environmental health problems; predominant patterns of disease, mortality, and fertility; goals, type and scope of

health services; and the state of nutrition.

Goals, type and
scope of health services

State of nutrition

Predominant

State of Environmental patterns of

society health problems disease, mortality,
and fertility

Tradi- Largely rural en- Endemic infections,
tional vironment with parasitisms, infes-

contamination tations, nutritional
of water and deficiencies. High
food; prolifera- death rate and
tion of insects high birth rate.
and . rodents;

periodic food

scarcities.

Early Largely rural en- Endemic infections,
transi- vironment with parasitisms, infes-
tional contamination tations, nutritional

of water and deficiencies. Inter-
food; prolifera- mediate death rate
tion of insects and high birth rate.
and rodents;

adulteration of

foods and

drugs; food

scarcities.

Late Rural environ- Endemic diseases pre-
transi- ment still re- vail at reduced lev-
tional sembles that of els in rural areas.

traditional so- whereas the disease
ciety, whereas patterns of urban
the urban en- areas resemble
vironment re- those of modern
sembles that of society. Low death
modern  soci- rate and intermedi-
ety. ate birth rate.

Modern Largely urbanen- Bronchopulmonary

vironment with
pollution  of
air, water, and
food, plus haz-
ards from use
of cigarettes,
alcohol, food
additives, new
drugs, and nar-
cotics.

and cardiovascular
diseases, malignant
neoplasias, mental
illness, ~ accidents,
obesity. Low death
rate and low birth
rate.

Indigenous systems of medicine based
on traditional practices and beliefs.

Medical relief and family planning in
key centers; control of endemic dis-
eases and environmental sanitation in
selected areas; nationwide extension
of categorical health services (malaria
and smallpox eradication) requiring
only minimal cooperation from the
public and only minimal judgment
from auxiliary staff with stereotype
duties (residual spraying and vac-
cination).

Comprehensive and integrated systems
of preventive and curative health and
medical services in key centers, with
nationwide extension of medical relief,
family planning, nutrition, basic sani-
tation, health education, and com-
municable disease control.

Nationwide extension of complex sys-
tems of comprehensive and integrated
preventive and curative health and
medical services, requiring a prosper-
ous society and an enlightened public,
as well as ample health manpower,
qualified to exercise independent judg-
ment.

Undernutrition as a result of food scarcities
in a subsistence economy with practices.
and preferences of food production and
consumption of a traditional, but youth-~
ful, society.

Potential improvements in nutrition in areas
of the monetary economy through possible
modification of social, economic, and
agricultural policies favoring the consump-
tion of a variety of nutritious foods; facil-
itation of the extension of modern prac-
tices of agriculture, food technology and
marketing, nutrition education, child-
feeding and school lunch programs to the
minority of the population within the
scope of the nutrition programs of the
health, education, and agricultural services,

Continuing improvement of nutrition as a
by-product of economic growth and as
the result of progressive extension of
nutrition programs nationwide, including
the production of protein-rich foods and
the fortification of staples.

Overnutrition as a result of an abundance
of foods in an industrial economy of an
affluent, sedentary, and aging society.
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and sectoral “profiles of the relative
development” of human and natural
resources provides an objective and
practical method for setting realistic,
although tentative, targets and budgets
(21). Such profiles facilitate compari-
son between countries or regions with
respect to a number of variables, each
of which can serve as an indicator of
the level of development (Fig. 11).

Profiles of individual countries are
entered on global grids of development,
which are constructed by ranking any
number of variables from all countries
for which comparable data are avail-
able; the deciles thus obtained are
used to construct the grids.

For example, the first indicator in
the global grid is the product per
capita. Data for this variable from 120
countries are ranked in the first two
horizontal rows of Fig. 11, from left
to right. The top entry in the first verti-
cal column (the O-percentile column)
indicates that none of the 120 countries
had a per capita product of less than
$35 in 1965. The top entry in the sec-
ond vertical column (the 10-percentile
column) indicates that 12 countries (10
percent of 120) had a per capita prod-
uct of no more than $70. And the top
entry in the last vertical column (the
100-percentile column) indicates that all
120 countries had a per capita product
lower than $3300. The profile of the
relative development of a particular
country (Nepal, the U.S.S.R., and the
United States) is indicated by the his-
togram in the grid. For example, Nepal
had a product per capita of less than
$70.

Variables have been included in the
grid without regard to any hierarchy
or classification. The variables or indi-
cators are simply a diverse collection
of characteristics of a society or econ-
omy, some of which might be consid-
ered costs or benefits, inputs or outputs,
causes or effects, needs or resources,
means or ends. The preparation of de-
velopment profiles requires mneither
classification of the variables nor un-
derstanding of the nature and extent
of their interactions—neither explicit
nor implicit assumptions other than
recognition of a tendency toward bal-
ance or complementarity in the devel-
opment of human and natural re-
sources. Whether progress is the inevit-
able result of free enterprise or the in-
tended result of a planned economy, if
and when a system or policy or fortui-
tous combination of factors results in
development, the balance in the devel-
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opment of human and of natural re-
sources is remarkable.

For different countries, paths of de-
velopment are usually and essentially
the same, but the path may be followed
with greater or lesser speed. Harmo-
nizing the objectives and choosing the
best possible targets may accelerate the
passage from traditional to modern
stages of society and economy.

Since grids such as Fig. 11 have no
time scale, it is not possible to schedule
the achievement of individual targets
within fixed periods, Rather, the pro-
files suggest, for example, that it might
be realistic to choose as a target reduc-
tions in infant mortality from 127 to
68 per 1000 live births coincidentally
with an increase in the product per
capita from $89 to $185 a year.

The observed balance in the develop-
ment of human and natural resources
permits us to decide what is necessary
or desirable and feasible at the vari-
ous stages of development, even though
we lack a comprehensive mathematical
model of development. In effect, the
open-ended nature of the grid per-
mits approximation of a comprehensive
model of development, albeit associa-
tively rather than structurally.

The method of analysis is discussed
more fully elsewhere (21).

Evolution of Goals and Services

Integration of planning, program-
ming, and budgeting of health services
into a system for accelerating develop-
ment may confirm the belief that dif-
ferences between a sound economic
point of view and a bona fide humani-
tarian point of view are more apparent
than real. Of course, there are situa-
tions where the two are irreconcilable.
In such situations, the deliberate politi-
cal decision may be to choose a hu-
manitarian policy rather than the most
economic alternative. However, in the
long run it may not be politically op-
portune or economically feasible to
consistently ignore either humanitarian
or economic considerations.

Fortunately what is necessary or de-
sirable from the economic and the hu-
manitarian points of view may, and
usually does, turn out to be essentially
the same, when analyses of the relative
costs and benefits are based on targets
or budgets for programs that are pos-
sible and feasible, valid and appropri-
ate in the context of the evolving needs
and resources. And what is necessary

or desirable and feasible from the eco-
nomic and humanitarian point of view
may, in the long run, be a safe and
sound position from the political point
of view as well.

Thus, the best or only way to obvi-
ate or resolve conflicts, apparent or
real, between independently derived
economic and health plans would be to
devise and adopt a method of planning
health services and investments as in-
tegral parts of a multisectoral system
for accelerating the development of an
economy and a society. Such planning
must be based on an understanding of
the quantitative and qualitative evolu-
tion of feasible goals and optimum
programs in the context of evolving
needs and resources at successive stages
of development.

Disease and reproduction tend to oc-
cur in definable patterns that closely
reflect the degree of modernization of
the society (Table 1). Where the pat-
terns are not compatible with the proc-
ess of modernization, we can attempt
to modify the patterns and make them
compatible.

The ideal health policy would be
one of short-term and long-term plan-
ning such that the manpower and or-
ganization of the health services, de-
signed to attack the most prevalent
diseases that are amenable to attack,
would evolve along with the needs and
resources in the complex process of
economic, social, and demographic
transition.

There are various alternative strate-
gies and tactics that might be pursued
by the health services. Before we try
to determine the relative cost effective-
ness of alternatives we must decide
which of the many alternative pro-
grams are valid paths to the agreed-
upon objectives; this decision, in turn,
must be based on consideration of what
alternatives are both possible and feasi-
ble.

This requires, first, consideration of
the nature of the problem, which may
call for epidemiologic study. Then the
possibilities of prevention must be de-
termined; this involves determination
of the link in the chain of transmission
or causation that is most readily broken
by the possible means of prevention.

But what is possible may not be
feasible. The feasibility of goals and
services evolves with the needs and the
resources (Fig. 11 and Table 1). And
once we decide which alternative is
feasible, we still must set tentative tar-
gets or budgets for the alternative pro-

SCIENCE, VOL. 166



grams before we can analyze the rela-
tive costs and benefits.

The profiles of relative development
permit the setting of tentative but realis-
tic targets, as well as tentative but
realistic budgets for health services.
Such empirical targeting and budgeting
makes it possible to keep costs to a
minimum and to achieve maximum
benefits, by permitting cost-effectiveness
analyses to be based on the empirically
derived targets as well as budgets.

Summary and Conclusions

The feedbacks in a neo-Malthusian
and in an alternative model of eco-
nomic and demographic transition are
compared with each other and tested
against the real world. On the basis of
the empirical evidence, it is postulated
that the population problem is not sim-
ply a high rate of growth., Nor is its
solution simply a low rate of growth,
which could be the result of a balance
between either high or low rates of
mortality and fertility.

Reductions in the mortality rate are
part of the solution, rather than the
cause, of the problem. Mortality rates
tend to vary inversely with levels of
consumption and production. More-
over, reductions in mortality seem to
be prerequisites for compensating re-
ductions in fertility to achieve the de-
sired family size.

Of course, the desired demographic
changes are no more automatic than
the desired economic changes. The sys-
tematic extension of information and
of facilities favoring the use of ac-
ceptable methods of regulating family
size is the appropriate response to spon-
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taneous motivation to limit lamily size.

Successful development results in,
and from, a balance between mortality
and fertility at the lowest mortality rate
attainable with the resources available.
With improved health and greater
longevity increasing the returns from
human resources, and with decreasing
fertility decreasing the burdens of de-
pendency, the maximum improvements
in the standard of living and the de-
sired changes in mortality and fertility
will result from interplay of efforts in
both the demographic and the eco-
nomic areas.

Strategy and tactics for national de-
velopment evolve with the needs and
resources. “Profiles of relative develop-
ment” in the multiple sectors of national
development may indicate what targets
and budgets are necessary or desirable
and feasible at successive stages.

Paths of development may be usually
and essentially the same for different
countries, but the path may be foJlowed
with greater or lesser speed. Harmoni-
zation of the objectives and wise choice
of targets may accelerate the passage
from traditional te modern $tages of
society and economy.

Health measures and family plan-
ning, as integral parts of the complex
process of modernization, can acceler-
ate and must complete the economic
and demographic transition from low
to high levels of production and con-
sumption, and from high to low levels
of mortality and fertility. ’
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