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Doomsday

The article “Doomsday” by von
Foerster, Mora, and Amiot [Science
132, 1291 (1960)], although perhaps
written and published with an obvious
tongue-in-cheek attitude, has received
some publicity in the newspapers, and
there is danger that it mav be taken too
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biological fact has been omitted from
the calculations: in human beings it still
takes about 270 days from conception
to delivery. This fact sets an ultimate
limit upon the productivity factor a. If
we consider only the reproductive fe-
male population (assuming the presence
of enough males to maintain the neces-
sary conception rate), it is apparent that
the doubling time cannot ever be much
less than 34 year. If von Foerster's
equation is valid until this doubling time
is reached, the curve at this point has
to depart from the power function and
revert to an exponential,

N = gof
where @ cannot exceed
0.69315/0.75 = 0.925 yr.
From von Foerster's Eq. 12,
& = 0,997,
so the power function fails at
r = 0.99/0.925,

or 1.07 years before “dooms-time,”
when the world population would only
be, from von Foerster’s Eq. 11,

N = 1.79 x 10%/s"»
= 1.67 % 10",

a value which corresponds 10 a popula-
tion density less than 5 times that of
Japan at present. Of course, males and
children add something to the problem,
but 1.7 x 10" is far short of infinity,
50 there is still a ray of hope.
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The essay in doomsmanship of von
Foerster, Mora, and Amiot is to be
commended. With the exception of
their remarks about Malthus, their con-
clusions are essentially correct. I say

this because essentially these same édn-
clusions can be arrived at from Mal-
thusian principles.

People who are without food and
water for any extended time die first of
dehydration and then of starvation.
Hence one can predict with confidence
that food and water supplies, F, will
limit human populations (deserts, high-
way U.S. 66, 110°W, 1960). This idea
can be expressed symbolically as fol-
lows:

dv/dr = kF (1

where N is the population size, 1 is the
time, and k; is the rate constant for the
conversion of food into people.
Because food supplies are ultimately
limited only by available carbon and its
energy, we can also predict, alsu con-
fidently, that the limiting rate of food
supply is constant. The rate of food
accumulation is zero, however, because
the limiting population is hungry. It is
also certain that in order to reach a
limiting population, all surplus food
supplies would have to be consumed, or

N=N-u, F=0 [2}

Substituting Eq. 2 in Eg. 1 and inte-
grating, we find, sure enough, that the
human population becomes maximal;
thank goodness it wasn’t infinite after
all.

It should be carefully noted that the
limiting population may turn out to be
larger than that estimated above be-
cause people may become smaller,

In conclusion, we should not sell
Malthus short. His work in theoretical
demography is so nearly contemporary
as to make one wonder. There is a
solution that has not yet been suggested
(except by Swift, for one special case):
cannibalism.

WiLLiam E. Hurron
5133 Waterman Boulevard,
St. Lowis, Missouri

In the article “Doomsday,” the as-
sumption is made that the fractional
rate of growth of population will in-
crease  with the population; conse-
quently, as the population becomes
larger, the fractional rate of growth be-
comes larger and before long exceeds
the maximum possible rate of increase
permitted by the biology of the human
species. It seems obvious that such a
theory has no relation to reality and is
of no wvalue whatever in predicting
future populations.

It is possible, however, to use the
methods of this article, starting from
more plausible assumptions, and to ar-
rive at population growth curves which

not only are in agreement with the facts
of the past but which do yield helpful
suggestions as to how the population
will grow in the future. Such a formu-
lation has been made, in accordance
with the ideas of Raymond Pearl re-
flected in Eq. 2 of von Foerster et al.

The basic assumption is that the pop-
ulation increases at a rate which is pro-
portional to the product of the popula-
tion and another term which is equal to
the supportable population of the region
minus the population itself at that time,
all divided by the supportable population
at the same time. This is the same as
Pearl'’s basic differential equation except
that he calls the so-called supportable
population the ultimate population and
treats it as a constant. In the new for-
mulation the supportable population is
considered to be a function of time—
namely, a constant plus another con-
stant times time. The resulting differ-
ential equation is easily solved in gen-
eral form. and curves have been con-
structed in terms of general parameters
which make jt possible and convenient
to extend the historical data of popula-
tion of a given city or region into the
future. The assumption that the sup-
portable population increases with time
is in agreement with the assumption of
von Foerster et al.—namely, that sci-
ence and technology do increase the
ability of a region to support its popula-
Lon.

Using these theories and the set of
curves that have been constructed, we
find that the population of the United
States agrees remarkably well with the
appropriate curve from the family of
curves reterred to, starting with census
data for 1790 and ending with data for
1960. The simpler logistic curve of
Pearl fails to give agreement after 1940,
One's prediction of future population
of the United States depends of course
upon the choice of constants, and this
in turn depends upon one's estimate of
the rate of increase of the ability of our
territory to support the future popula-
tion. Whether this ability increases
linearly with time or at a faster rate
seems t0 me to be a matter of conjec-
ture at this time. In any case, such a
formulation does offer promise of as-
sistance to those who wish to predict
future populations, and the absurd re-
sults reported in the article “Doomsday”
should not discourage us from making
attempts of this sort.
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The article by von Foerster, Mora,
and Amiot would be too ridiculous to
comment on if it were not such an out-






