
Population Density and Growth 

Last November an article by Von 
Foerster et ah appeared in Science [132, 
1291 (I960)] in which it was contended 
that in about 66 years the growth rate 
of the world's human population would 
approach infinity, and that our descend
ants would be squeezed to death. Most 
demographers who read this article 
thought that it was intended as a joke, 
but the reaction of the press and a care
ful rereading indicate that the principal 
contentions were presented and widely 
received as serious. 

The prediction of an infinite growth 
rate in A.D. 2027 is obtained in effect 
by fitting a curve to estimates of growth 
rates in world population from the be
ginning of the Christian era until the 
mid-1950's. A rectangular hyperbola 
provides a rather good fit to these esti
mates through 1957, and it is the extrap
olation of this hyperbola that yields 
the approach to infinity for the rate of 
growth early in the next century. The 
choice of the rectangular hyperbola is 
dictated by a differential equation ex
pressing the general notion that the 
growth rate has increased as population 
density has increased. The authors note 
that the familiar logistic curve may be 
derived from a differential equation ex
pressing a diminishing rate of growth as 
density increases. They say that such a 
negative relationship is plausible for a 
population whose elements must com
pete with each other for limited re
sources available in nature. However, 
they conjecture that Homo sapiens has 
the capacity to form coalitions against 
nature, to be more efficient in the strug
gle to control nature as density in
creases, rather than less efficient. In 
other words, they visualize man as co
operating in extracting more from na
ture rather than as competing for a fixed 
endowment of resources. This view 
leads them to expect increasing growth 
rates with increasing density, and serves, 
as was stated above, as the rationale for 
a differential equation which in turn 
leads to the rectangular hyperbola as 
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the appropriate curve to express the an
nual percentage increase in population. 

This whole argument will not stand 
critical scrutiny. The following defects 
are the most conspicuous: 

1) It is not true that population 
growth rates are positively associated 
with density, nor even that population 
growth rates are positively associated 
with man's control over nature. The 
populations currently residing in areas 
with a density of less than 100 persons 
per square mile are growing at more 
than twice the pace of populations re
siding in areas with a density of more 
than 500 persons per square mile. In 
other words, in the world today the as
sociation between growth and density is 
negative, not positive. Similarly, the 
countries which have come farthest in 
technology, in communication, and in 
what in any view should be considered 
control over nature have growth rates 
that range from the slowest in the world 
to about average, while the fastest 
growth rates are found in such areas as 
Malaya, Taiwan, Ceylon, Mexico, and 
Brazil—countries which certainly can
not be considered in the same class with 
the United States, Western Europe, or 
the Soviet Union in their control over 
nature. 

2) Von Foerster and his co-authors 
neglect the causes of accelerated popu
lation growth in the world. Growth has 
accelerated wholly because of a reduc
tion in mortality, because of a lower 
world death rate. There are no grounds 
for believing that there has been any 
upward trend in the world birth rate. 

3) There are clear limits, moreover, 
to the growth rate that can be attained 
through reducing mortality rates. In 
fact, if mortality were reduced to zero 
and everyone lived forever, the growth 
rate of world population would initially 
be exactly equal to the world birth rate, 
estimated by the United Nations as 3.9 
percent. In the long run, immortality 
would produce a somewhat lower 
growth rate than this as the proportion 
of population above childbearing ages 
became larger. In short, the extension 

to its logical extreme of the trend which 
has been wholly responsible for faster 
growth in the world population would 
lead to a growth rate of less than 4 
percent. There are also biological limits 
to increases in fertility in the improb
able event that these occur. If every 
woman were married by age 15 and 
bore children at a rate equaling the 
highest observed in any large human 
population, and if everyone were im
mortal, the growth rate would still be 
somewhat less than 6 percent. In fact, 
rates much above 6 percent cannot be 
achieved as long as childbearing is re
stricted to the ages between 15 and 50 
and the period of gestation remains 9 
months. 

Another well-known fact that this 
article neglected was that the develop
ment of better communication, of bet
ter education, and of better control over 
nature has led universally to declines in 
the birth rate. One might say that in 
extending his control over nature man 
has learned to exercise rational control 
over the consequences of his own na
ture. There is not a single country in 
the world which has achieved a high 
degree of industrialization that does not 
have birth rates very substantially 
lower than those prevailing before in
dustrialization. Included among the 
countries where the birth rate has 
dropped sharply are the Soviet Union, 
Japan, the United States, Canada, Aus
tralia, New Zealand, and all of the 
countries of Europe except Albania 
(not yet industrialized). In short, the 
most superficial examination of popula
tion trends makes it clear that if man 
does continue to extend his technology, 
the expected result will be a decline in 
birth rates in those parts of the world 
where they are now highest. 

The especially rapid acceleration of 
growth in the mid-20th century has re
sulted from technological advances in 
medicine and public health. Among the 
most striking and far-reaching develop
ments have been the antibiotics and the 
residual insecticides such as DDT. De
velopments of this sort have made it 
possible for countries which have not 
yet adopted modern technology in their 
economies to enjoy a very substantial 
measure of control over infectious dis
ease. Thus Ceylon, which has under
gone very little in the way of funda
mental economic change, has cut its 
death rate by more than 50 percent 
since 1945. This situation gives the 
clearest urgency to programs for speed
ing the economic development of these 
areas, both to keep production expand-
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ing at least as rapidly as population and 
to provide the basis for the social and 
economic changes which will bring 
births under voluntary control. 

These questions are among the most 
serious facing the world today, and to 
give wide currency to such clearly non- 
sensical ideas as an infinite birth rate 
and Doomsday in A.D. 2027 contribute 
nothing to their solution. 

ANSLEY J. COALE 
Ofice o f  Population Research, 
Princeton University, 
Princeton, New Jersey 

Essentially three arguments against 
our "Doomsday" thesis are presented in 
Coale's letter. They are: (i) nonsensi- 
cality for a parameter describing a finite 
physical system to approach infinity; 
(ii) misrepresentation of relationships 
between population growth rates, popu- 
lation densities, and technological sta- 
tus; and (iii) natural limitations of 
growth rates. 

It is easy to dispose of these argu- 
ments. 

1) In answering similar objections 
raised earlier we have tried to point out 
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[Science 133, 943 (1961)l that such 
singularities are usually interpreted as 
an indication of the system's instability 
in the vicinity of this singularity. In 
other words, a system may undergo 
drastic changes-for example, evapora- 
tion, rupture, disintegration-when 
passing through this critical state. Four 
examples were given, and references 
were cited. If this does not suffice, we 
recommend consulting the nearest phys- 
icist, who-we are convinced-will be 
glad to assist in overcoming this con- 
ceptual difficulty. 

2) It is true that in many instances 
in various regions an inverse relation- 
ship between population density and 
population growth, or population den- 
sity and technological status, may pre- 
vail, as Coale shows in numerous ex- 
amples. However, an equal number of 
cases could be cited where the relation- 
ship is a direct one-for instance, if 
one compares the population density, 
growth rate, and technological standard 
of the population in New York with 
that, say, of the population in the Matto 
Grosso, or makes the same comparisons 
for the people of Japan and the people 
of Tierra del Fuego. Since our expres- 
sions for global population growth were 
derived for mean values over at least 
one generation-as explicitly stated at 
several points in our original article- 
it is obvious that our simple Eq. 11 is 
neither intended, nor able, to account 
for minute local and temporal fluctua- 
tions. On the other hand, if we apply 
"Coale's law" of the inverse relation- 
ship of population density with growth 
rate and technological know-how-as 
suggested in his letter-to the develop- 
ment of the human population as a 
whole over the last couple of millennia, 
we arrive at the peculiar conclusion that 
either Stone Age man was a technologi- 
cal wizard who carefully removed his 
technological achievements so as not 
to upset his inferior progeny, or that 
-if he was at the level at which most of 
us believe he was--our population dwin- 
dled from a once astronomical size to 
the mere three billions of today. Since 
we are neither archeologists nor demog- 
raphers, we must leave the decision 
between these alternatives to the ex- 
perts. 

3) Four natural limits for growth 
rate are cited by Coale: period of ges- 
tation, onset and duration of fertility, 
and death. While Coale treats the first 
three physiological quantities as fixed 
quantities, unalterable through tech- 
nological progress, and thus gives the 
endocrinologist an undeserved vote of 
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no confidence, he puts his bets on the 
gerontologists, who, he theorizes, will 
eventually solve the problem of immor- 
tality; that is, the mean life span of 
man, tm, will approach infinity. Noting 
with pleasure that Coale does not con- 
sider such a hypothesis nonsensical, and 
accepting for the sake of a fair argu- 
ment his conjecture of an invariable 
global birth rate YO throughout the his- 
tory of man, we are now in a position 
to estimate man's life span as a func- 
tion of time. Invoking our Eq. 7, which 
gives the productivity a (defined as 
y - l/tm) in terms of dooms-time r ,  we 
have 

r 
t m =  - 

yo7 - k 

Today, = 0.039 per year (U.N.), 
7 = 67 years, and with k - 1, the global 
mean life expectancy becomes 42 years. 
This seems to be a fair approximation 
( I )  of present-day estimates (40 5 tm 
5 45) (2). This encourages us to take 
a step further and to determine the time 
when undertakers will be out of busi- 
ness. For = d =  YO, tm approaches 
infinity, and when we use values as 
above; r' = 25.4 years. In other words, 
around the spring of A.D. 2001 the 
"Perma-Life" pill will be on sale, and 
thereafter the population will grow 
merely according to an exponential. 

Let us investigate what happens under 
these conditions, around doomsday 
r - 0, Or t = A;D. 2027. Expressing 
YO in percentage per year, we have with 
our Eq. 11 and the suggested exponen- 
tial the number of people ND at 
doomsday: 

and the annual population increase at 
that time 

With Coale's permission, we take 
70 = 6 percent and obtain the frighten- 
ing result that in 67 years the world 
population amounts to 30 billion souls, 
and that this population produces in 
that year 1.8 billion immortal babies. In 
other words, a number of people equal 
to the entire world population in 1927 
will thus be added in a single year. 

A reader unfamiliar with demo- 
graphic numerology should be cau- 
tioned that almost nothing changes in 
these figures if the immortality assump- 
tion is dropped, as Coale has shown 
elsewhere (3). However, drastic 
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changes for the worse can be predicted 
if medicine should succeed in making 
only small advances in extending years 
of fertility, or if our culture should pro- 
mote a shift to slightly earlier mar- 
riages. 

We leave it to the poets to describe 
this terrestrial inferno, and to the an- 
thropologists, sociologists, and psychol- 
ogists to give their verdict on the sta- 
bility of our human condition under 
such circumstances. 

We hope that in this exchange of ar- 
guments about a few side issues the 
reader has not lost track of the real 
issue at stake-namely, whether or not 
the time has come when man must take 
control over his fate in this matter and 
attempt to launch perhaps the most am- 
bitious, most difficult and most gran- 
diose enterprise in his entire history: 
the establishment of a global control 
mechanism, a population servo, which 
would keep the world's population at a 
desired level. It is depressing to dis- 
cover the complete lack of comprehen- 
sion of the dimension of this problem 
in a leading demographer, who seriously 
believes that sending gadgets to the 
"underdeveloped" will quickly alter 
their ancient cultural habits. He even 
dares to cite the recent fast decline 
of the birth rate in Japan. Indeed, there 
were only three gadgets involved: a 
curet, a dilator, and penicillin. With 
these, in the years 1950 to 1956, about 
12 million successful abortions were 
carried out, reducing the live-birth rate 
in Japan from 3 percent to 1.8 percent 
(4) and thus demonstrating-after 
Coale-the comforting principle of re- 
duced birth rates with improved tech- 
nical skill. 

The tragic error made by Coale and 
others of his school of thought is to in- 
sist that mankind has to be treated- 
like fruit flies-as a set of independent 
elements whose only properties are their 
fertility and their mortality schedules, 
which are established ad hoc by looking 
into census figures. Very little indeed 
can be expected from such an approach, 
which not only fails to describe the 
past of the human population beyond 
a dozen generations (5) but also is 
invalid for projecting population trends 
over such short an interval as only one 
generation (6). Therefore, it does not 
come as a surprise that recognition of an 
obvious trait in man-namely, his ca- 
pacity to form coalitions, the ability of 
two men jointly to do things which the 
two independently are never able to 
achieve-immediately leads to expres- 
sions which adequately describe human 
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population growth over several hundred 
generations, from the prehistoric past 
up to today. As we pointed out, the 
process which governed the growth rate 
for a couple of thousand of years and 
which is still acting today, exhibits a 
most dangerous intrinsic instability, 
which is now-so to say-around the 
corner. It is clear that this process has 
to be interrupted, and, as we believe 
we have shown, to suggest stepped-up 
industrialization is to propose to put out 
a fire with gasoline. 

The real problem is that today we 
have to prepare each single member in 
a family of 3 billion to face soon a de- 
cision-namely, either to persist in en- 
joying his children and to pay for it 
by having no more than two and re- 
maining mortal, or to reach for indi- 
vidual immortality and remain childless 
forever. In 20 years, of course, 4 bil- 
lions will have to make this decision. 

HEINZ VON FOERSTER 
PATRICIA M. MORA 

LAWRENCE W. AMIOT 
Department of  Electrical Engineering, 
University of  Illinois, Urbana 
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Reciprocal Disarmament 

I have not as much hope today for 
the advancement of science as I have 
fear for its retrogression, or even ex- 
tinction-a process in which (in my 
opinion) many scientists and technolog- 
ists are aiding, either by their indiffer- 
ence to the diversion of scientific dis- 
covery to purposes of destruction or by 
active furtherance of such diversion. 
How sadly must the shades of Newton 
and Boyle, Thomson and Rutherford 
regard the great edifice they founded, 
threatened today by the indifference of 
their successors to its perversion. To- 
day, as in Galileo's time, scientists dare 
not publish their results. The founders 
of science had to contend with the peo- 

ple's fear of sorcery. Not very different 
today is the reaction of a considerable 
section of a misunderstanding and re- 
volted public. A few days ago, on tele- 
vision,-I heard it suggested that we 
emulate Herod by killing all scientists 
at birth, but this I think would be 
going too far. 

From a humanitarian standpoint I 
still believe that science is capable, if 
properly applied, of advancing the real 
happiness of mankind. In this matter I 
don't say that scientists have any partic- 
ular responsibility, for actually science 
in its inception had to force itself, so 
to speak, upon the world. But now that 
it has grown to the point where its dis- 
coveries threaten the very existence of 
man, the case is very different. Sci- 
entists cannot escape responsibility for 
the results of their work, nor should 
they dare, if they have joy in discovery 
or if they value their own lives, to take 
a passive attitude toward war or to 
leave the control of atomic energy to 
politicians. 

Ever since war became spatially three- 
dimensional, politicians have been 
promising to control it by traditional 
methods-attempting by diplomacy to 
prevent nationalism from asserting its 
prerogatives by military force. For half 
a century now these three forces have 
been cooperating to bring about the 
present crisis. A practitioner of the 
scientific method cannot be content to 
adhere to custom until the bombs be- 
gin to drop. Because one method fails, 
will he refuse to try another? 

I believe it's time to try a new experi- 
ment. Regarding diplomacy, Henry 
Kissinger says: "It is not an accident 
that the diplomatic stalemate has be- 
come more intractable as weapons have 
grown more destructive . . . the in- 
creasing horror of war has made the 
progress of negotiations more difficult." 
Jerome Wiesner in Daedalus specif- 
ically states the difficulties and dangers 
of diplomatic disarmament conferences. 
Shall we trust our existence to such 
methods much longer? (Let us hope 
that the two conferences now arranged 
will produce results; nevertheless, let 
US be prepared for failure.) 

Long experience of human affairs 
tells us that in all complex attempts at 
accomplishment there comes a time 
when discussion must cease and action 
must begin. Because of this experience 
all organizations have executives, one 
of whose qualifications must be courage 
to act. In the past, executive interven- 
tion in international affairs has often 
meant the start of a war. But since we 
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