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THE PROBABILITY OF A CESSATION OF THE
GROWTH OF POPULATION IN ENGLAND AND
WALES DURING THE NEXT CENTURY'!

It is a good deal easier to utter warnings against prophecy than
to abstain from it. The most hardened scoffer at the weather
forecasts has to decide every day whether he will take out an
umbrella or not. Not a single investment can be made without
an estimate of the relative probability of future events which can
be foretold with so little certainty that even the old lady of
Threadneedle Street has been known, and that within the last
few years, to err most egregiously as to the immediate future of
the price of consols.

Many things about which we are habitually obliged to form
estimates are of a much more speculative character than the
growth of population, and the estimates which we do form about
them in many cases actually depend on our estimate of the
probable growth of population. There is not a builder nor a
town council in the country that is not obliged to prophesy every
month what the growth of population in a particular district is
likely to be, and it was the speculations of the Metropolitan Water
Commission as to the population of Liondon in 1931 that inspired
me to make this contribution to the literature of the subject.
The real question is not whether we shall abstain altogether from
estimating the future growth of population, but whether we shall
be content with estimates which have been formed without
adequate consideration of all the data available, and can be shown
to be founded on a wrong principle.

The generally accepted principle is that of ‘as the increase

1 This article contains the substance of a paper read before Section F of the
British Association at Ipswich.
No. 20.—vorL. v L L
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has been in the past so it will be in the future.” This is sus-
ceptible of more than one interpretation. All we really know
of the increase in the past is contained in the totals obtained
by the censuses. A schoolboy whose arithmetic is described
as ‘v. 6. would probably boldly disregard all the inter-
mediate censuses and divide the total increase of 20,109,989
between 1801 and 1891 by ninety years. The quotient of
223,444 he would call ‘the average annual increase,” and say
that in order to get the probable increase of population in a
certain number of years after 1891 you must simply multiply
223,444 by that number of years. If you ask him ‘why?’ he
will be rather puzzled, and will probably take refuge in analogy.
He may tell you, possibly, that if he sees a cyclist going by at
twelve miles an hour he rather expects him to do about twelve
miles in the next hour. But when you ask him whether he would
expect a man whom he saw going at thirty miles an hour to
arrive at the thirtieth milestone in an hour he would answer in
the negative, because ‘it isn’t all down-hill,” or because ‘no one
has ever done thirty in the hour,” or something of that kind;
and it turns out that he only expects the same amount of pro-
gress to be made in the future as in the present if the present
pace is what he looks upon as a pace likely to be maintained.

A person with a slight smattering of statistics will probably
say that the schoolboy’s method is quite wrong, and that in
arguing from the past to the future, you ought to consider not
the number which has been added to the population, but the
factor by which the population has been multiplied. You ought
to consider not the absolute amount, but the rate of the increase.
But which rate ? For there is a different rate in every one of the
nine decades. Are we to take the rate from 1801 to 1891, disregard-
ing the intermediate censuses, or are we to somehow deduce some-
thing which may be called an average rate from the nine different
rates ? The Metropolitan Water Commission groped for an answer
to this question and found none. A very able mathematician to
whom I gave the figures of the ten censuses tells me that they are
so irregular that no law of increase of the smallest value can be
deduced from them. The Registrar-General’s method in forming
what are called the ‘official estimates’ cuts the knot by dis-
regarding all the decades except the last. The only conceivable
argument in favour of this course is the allegation that the
immediate past being nearer the future than the long past,
affords a better basis for estimating future probability. By
itself this would justify the reductio ad absurdum, if the last ten
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years are better than the last ninety, the last year must be better
than the last ten,” but ‘ temporary fluctuations’ have of course to
be considered, and it may perhaps be asgserted that ten years is
sufficient, while twenty years is more than sufficient, to give an
average unaffected by such fluctuations.

‘Which rate of multiplication be taken, however, does not very
much matter, since any rate that can possibly be deduced from
the census figures gives ridiculous results. Carried back into the
past the assumption of a uniform rate of increase equal to that
which prevailed in the decade 1881 to 1891 necessitates the
supposition that in A.D. 525 there were scarcely two persons in
England, and carried forward into the future it gives a population
of a thousand millions in less than 300 years. After 350 years
more there would be only just room for the people to lie down on
the ground. Yet the rate of increase in the decade 188190 is
the lowest of the nine.

These periods, it may be urged are long. But applied to
short periods the assumption of a uniform rate of increase equal
to that shown by the last decade leads to just as absurd results
as when it is applied to long periods. As is well known, the
Registrar-Greneral, whose annual reports reveal no acquaintance
with the very accurate statistics of immigration and emigration
now collected by the Board of Trade, ignores his own figures
of births and deaths, on the ground that in estimating a popula-
tion immigration and emigration cannot be disregarded. ~ The
official estimates of the population in the middle of each of the
following ten years which he forms after each census on the
assumption that the rate of increase shown by it will continue, are
allowed to stand in each of his annual reports till the next census,
and would, we must suppose, be allowed to stand if a plague swept
away half the people. 'When the next census is taken they are, of
course, found to be wrong. [At thelast census the error amounted
to 701,843 at the end of the decade, while Dr. Liongstaff had in
the pages of this Journal estimated the population within
10,251.2] They are then corrected on the assumption that
throughout the decade population annually increased at the rate
observed during the whole decade. Now whenever the rate of
increase 1n a decade is less than in the preceding decade, these
‘corrected’ figures, on which the ‘corrected’ birth, marriage,
and death-rates are calculated, present a very odd and most
unnatural series of increases. Thus they represent the increase
for 1871-2 to have been 307,901, and make the annual increase

1 EconomIic JOURNAL, vol. i, p. 882.
L L2
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grow gradually till in 1879-80 it amounted to 342,799. Then
comes the census year, which stands by itself, as three-quarters
of it lie in one decade and the other quarter in another; it is
allotted an increase of 331,854. After this the new period begins
in earnest with an increase of only 288,800 in 1881-2; and the
rising process starts again and continues till the increase of 1890-1
amounts to 318,912. In short, the increase grows steadily till it
reaches the census of 1881, then it comes down with a crash only
to begin immediately to rise again.! It must alwayshappen under
this system that the addition to the population in the last half of
a decade is greater than the addition in the first half, even when
the addition in each decade is less than the addition in the
preceding decade.  The truth is that every estimate of popula-
tion, past, present, and to come, ought to be founded on a
consideration of the factors on which the growth or decline of
population is dependent—Dbirths, deaths, immigration, and emigra-
tion. The number of births and deaths, and of immigrants and
emigrants, is now so well known, that if two government depart-
ments, the Board of Trade and the General Registry Office,
would only recognise each other’'s existence, the population at
the present time, or at any point in recent years, could be given
within ten thousand of the actual number.?

In estimating future population the most important data
we have to rely upon are the ages of the people as taken at
recent censuses. These are shown measured down from the
top on the first five perpendicular lines of the diagram oppo-
site. The lines sloping downwards from left to right divide
the total population according to each ten years of age from
eighty downwards, so that the top layer of persons includes all
over eighty years of age, the next all between seventy and eighty,

1 See the last column in Table I, at the end of this article, where the official
increase is compared with the excess of births over deaths. The official increase is
calculated from the middle of one year to the middle of the next, and is therefore
printed halfway between each pair of calendar years. It will be observed that in
each year from 1863 to 1866, and also in 1870, 1875, and 1890 the official increase is
actually greater than the excess of births over deaths—so that, if we accepted it, we
should be obliged to assume that in those years immigrants exceeded emigrants.

2 The Board of Trade statistics of migration relate to the United Kingdom as a
whole, so that the distribution of migration between England, Scotland, and Ireland
would have to be allowed for. But the Irish Registrar-General already gives rea
estimates of the population of Ireland, so that the adjustment has only to be
made between England and Scotland. The fact that the Irish Registrar-General
gives real estimates, and the English and Scotch Registrar-Generals only ¢ official *
estimates (4.c. estimates based on a hypothesis absolutely known to be wrong), has a
singular effect on the published estimates of the population of the United Kingdom,
as these are made up by adding the ¢ official ’ estimate for Great Britain to the true
estimate for Ireland.
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Population of England and Wules, 1851-195]1.
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The population in each census year is measured down from the top, the figures on the Ieft indicatin
the number of millions. The lines sloping downwards from left to right divide the population a
each census into persons over 80 ; persons between 70 and 80 ; between 60 and 70; and so on down to
hetween 0 and 10. The ages are shown by the figures on the nght The lines ﬁlopmg upwards from
left to right divide the persons born in each decade from those born before and after it. They thus
show graphlcally how each generation becoines smaller as it passes from under ten years of age at one
census to over ten but under twenty at the next, and then to over twenty but under thirty, and so on.
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the next all between sixty and seventy, and so on down to the
children under ten. Now as the number of immigrants at any
particular decade of age is probably always exceeded by the
number of emigrants of that age, the people who are between ten
and twenty at one census are (with the exception that some immi-
~ grants are substituted for some emigrants)the survivors in England
of those who were under ten at the preceding census, and similarly
with each ten years of age. So if we call the persons born
between one census and the next a generation, the lines sloping
upwards from left to right divide each generation from the next,
and show how each generation becomes smaller and smaller, till
it finally becomes extinct on the death of some centenarian,
Now, provided that the rate of mortality and loss by migration
remain the same at each age period, it is possible to calculate with
absolute accuracy from the observed decrease of a generation
between any two censuses, how much the next generation will
decrease when it arrives at the same age. For example, if it be
known that everyone over 100 in 1881 died before 1891, it may
be confidently assumed that everyone over 100 in 1891 will die
before 1901. If it be known that the people between fifty and
sixty in 1881 lost about 27 per cent. of their numbers before
1891, it may be taken for granted that the people between
fifty and sixty in 1891 will lose the same proportion between 1891
and 1901. Nothing is requisite to get the total population over
ten at the next census except to work out by proportion sums
the population in each ten years of age and add up the results.
Before, however, we can apply this method, it is necessary to
inquire whether we are justified in assuming that the rate of
mortality and loss by migration will not change. As to the future
of mortality and loss by migration every man has a right to his
own opinion, but no one can expect to prove anything. We may
therefore fairly treat it as an even chance whether the rate of loss
is likely to increase or diminish. In the past a decrease of the
rate of loss by mortality has been counteracted by an increase in
the rate of loss by migration, so that estimates in which this
method has been used have been surprisingly accuraté. The
compilers of the census returns of 1861 published one of these
estimates in 1863, according to which the population over
twenty in 1881 should have been 14,167,745, When the census
of 1881 was taken eighteen years afterwards, the recorded number
was 13,958,616, the error being only fifteen per thousand. In
1871, the method was again applied to predict the 1881 population,
and the number over ten in 1881 was estimated at 19,365,188. The
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recorded number was19,306,179, so that the error was only just over
three per thousand, The last two censuses have been, in many
respects, far inferior to their predecessors, and no similar calcula-
tions appear in them. If, however, one had been inserted,
the population over ten in 1891 would have been predicted at
22,129,736, and it was actually 22,053,857. The difference here is
slightly greater than in 1881, but it is less than 3} per thousand,
and would not amount to the thickness of a line in the diagram.
I have worked this estimate out by quinquenniums of age instead
of by vicenniads and decades like those of 1861 and 1871, and its
accuracy all the way down is astonishing. Only in two quinquen-
niums does the error amount to 4 per cent., and both of these are
among the ages over eighty-five, where the numbers are too small
to give a very sound statistical basis.! -

In the diagram I have extended the lines dividing the popu-
lation by ages so as to show how many people in each decade of
life over ten there will be in 1901, how many in each decade over
twenty there will be in 1911, and so on to 1951, on the assumption
that the rate of mortality and loss by migration at each age will
remain the same as in the decade 1881-91. What will be- the
length of the line indicating the total population in 1901 and the
following years now depends solely on the length added below for
the new generations born after 1891, and, given the same as-
sumption of no change in mortality and loss by migration, the
size of each of these generations at each date depends on the
number of births. If we decide how many will be born in
each future decade we can add one generation after another
with ease and certainty.

The question is, therefore, what is the probable number of
births? Here we border on considerations of a more speculative
character, but we have still something statistical to rely upon.
The fact that it is the custom to calculate birth-rates as a rate
per thousand on the whole population makes it natural to say
that the number of births depends in the first place upon the
population, so that if the population increases rapidly the births
will increase rapidly. The continuous lines of the diagram show
that the population over certain ages will increase rapidly for
many decades, so that we might consequently expect a consider-
able increase in the number of births.  But of course, as a matter

1 See Table II. at the end of this article, first five columns. The sixth column
gives an estimate constructed by the same method for 1901. The last column is a
similar estimate for 1991, with the additional assumption that the number of births
in each decade remains the same.
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of fact the increase of population over and under certain ages
has obviously no tendency to increase the number of births.
The number of old women and children may be doubled without
making 1t the least more likely that the births will increase until
the children have grown to marriageable age. The number of
births is more likely indeed to be somewhat repressed, since the old
people and children form a burden upon the shoulders of those
in the prime of life. It is consequently much more true to say
that the number of births depends in the first place upon the
number of men and women between certain ages. For practical
purposes the ages of twenty and forty are sufficiently near the
mark, and they are much more convenient than the ages for each
sex which would have to be taken if perfect accuracy were required.
Now from 1853 to 1876 the number of births, after allowing for
some deficiency in registration, increased rapidly and was almost
uniformly just about 12 per cent. on the number of persons
between twenty and forty. From 1876 onwards the number of
births has been almost stationary, and the rate per cent. on the
persons between twenty and forty has consequently been rapidly
declining. In ten years it had fallen to 11 per cent.; by 1890
it had further fallen to 10 per cent.; in 1891 it went up to about
104 per cent. ; in the next two years it was 10 per cent.; in 1894
it descended to 9'8 per cent.!

Now if the future births were estimated at this rate on the
number of persons between twenty and forty we should have no
grounds for expecting a cessation of the growth of population,
though the growth would be at a much less rate than heretofore.
But the statistics make it probable that the birth-rate on persons
between twenty and forty will continue to fall. It must be re-
membered that the effect of the births having been nearly
stationary for twenty years will be to change considerably the
age distribution of the group of people between twenty and forty.
A larger proportion of them will be at the higher ages. It seems
at first sight paradoxical to say that the persons between twenty
and forty can be older at one time than another, but it is really quite
simple. The persons between 0 and 100 years old obviously do not
average fifty years, and in just the same way the persons between
twenty and forty do not average thirty. What the exact average
age will be depends chiefly on the variation in the number of

1 For the number of registered births in the two periods 185375, and 1876-94,
see Table I. The number of persons between 20 and 40 was 5,501,767 in 1851,
6,009,977 in 1861, 6,686,685 in 1871, 7,668,086 in 1881, and 8,805,930 in 1891. The
numbers for the intermediate years can be estimated with sufficient accuracy for

the present purpose.
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births between twenty and forty years before. As the number of
persons born rose rapidly year by year before 1876, the number of
persons becoming twenty years of age in each year has been
rising rapidly and will continue to rise rapidly till 1896. After that
it will still continue to rise because there has been a reduction of
juvenile mortality, but the rise will be far less rapid. The con-
sequence will be that while in 1891 30 per cent. of the twenty to
forty group were under twenty-five, in 1911 not more than 273
per cent. will be so.

This increase in the average age of persons in the prime of
life, or, to put the same thing in other words, this diminution in
the increase of the number of persons reaching marriageable
age in each year, must tend somewhat to reduce the birth-rate.
‘How much effect should be attributed to it would not be very
difficult to calculate if the necessary statistics of the ages of
parents were forthcoming, but unfortunately none such exist.

If, however, we take into account not only the diminution to
be expected from this cause, but also the diminution to be
expected from the working of the enormously strong economic
and social forces which have brought about the diminution of the
last twenty years, it seems a very moderate hypothesis to suppose
that the rate of births on the number of persons between twenty
and forty may fall to a little below 9 per cent. by 1901 and to the
neighbourhood of 8 per cent. by 1911. This, with a further
slight diminution to a little below 8 per cent. by 1921 is all that
is necessary in order to keep the number of births stationary at
the level of 1881-90. Adopting then this hypothesis, I have
continued the lines of the diagram so as to show what the
future of the population will be if the rate of mortality and loss
by migration at each age, and also the absolute number of births,
remain the same as in 1881-90. It will be seen that the increase
of population, large at first, becomes less and less, till it is trifling
in 1941-51. It would continue, but always growing less and less,
till about 1995, when the last survivor of the period before 1891
would disappear, and the population would then stand at its
maximum of 37,376,000.1

I have no desire to stake my reputation as a prophet on the
growth of population following exactly the line shown in the
diagram, and ceasing to increase in 1991.2 I am only prepared

1 See Table II. last column.

? Since the sentence above was in type, the Registrar-General’s returns for the
first three quarters of 1895 have been completed, and make it practically certain
that the number of births in the present year will considerably exceed the highest
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to assert confidently that the line shown is a much more probable
one than that which might be laid down by the * official > method,
and which would shoot through the bottom of the diagram
between 1921-81 and encircle the globe before the diagram was
widened very many yards. Whether the cessation of the growth
of population is reached, as I personally should expect, before
1991, or afterwards, it must be reached at last, and if it is reached
without any violent changes in mortality, migration, or natality, it
will necessarily be reached by a curve of increase closely ap-
proximating to that laid down in the diagram. The value of the
diagram lies not in its prediction of a maximum population of
thirty-seven millions, but in the fact that it shows how a cessation
of growth may be reached within no very long period without any
violent or unnatural changes. Its lines are the curves of a wind-
blown sandhill, not the jagged slopes of a rock or the equal slope
of a railway embankment. During the last twenty years most
of us have not succeeded in detecting any considerable change in
the manners and customs and practices which affect natality, and
yet it only requires a continuance of the change which has un-
doubtedly been going on to bring about a state of things which
would cause the possibility of a decline of population, instead of
the possibility of over-population, to be the bugbear of alarmists.
This consideration need not lead us to the indiscriminate en-
couragement of natality which prevailed in the time of Pitt, but
it may well serve to diminish hostility to measures which some-
what lighten the burden of parentage on the shoulders of those
persons who are likely to bring up children such as will really
be, in the old phrase, the true riches of the state. ,
Epwin CANNAN

yet recorded. It will probably be nearly 10'2 per cent. on the number of persons
between twenty and forty.
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TABLE L—Number of Births, Excess of Births over Deaths, and
Oﬁwml Estzmate of the Increase of Population.
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