
Chapter vn
THE NETWORK OF INTERMEDIATE MODEL STABLE POPULATIONS

A. Introduction

A solution to the problem posed by the very title of
this work was given when, in chapter V, we established
that a population having an age distribl;ltion which
remains invariable with the passage of time can be
assimilated at all times to a Malthusian population (we
gave the name of "semi-Malthusian" to these populations
with constant age distribution).

Once we verify that an actual population is semi
Malthusian, as most populations of developing count~ies

are, all the methods studied in connexion with Malthusian
populations, with the aim of determining the chara;ct~r

istics of a population when some of those characteristics
are known become applicable. As has already been
mentioned 'more than once, however, the invariability
of the age distribution of many actual P?pulations
could be interpreted in a different manner; instead of
assimilating them to semi-Malthusian populations, one
could assimilate them to quasi-stable populations.

The concept of quasi-stable populations was introduced
into demography for the first time in the United Nations
study on world population prospects,' where models of
demographic evolution were constructed for the purpose
of estimating the future population of the various coun
tries of the world. These numerical calculations showed,
among other things, that a population with invariable
fertility but with mortality varying within the universe
of the intermediate series of model life tables also had
an almost invariable age distribution. That result was
given more general application; a quasi-stable population
was defined as a population in which fertility hadfor long
been constant and the age distribution also remained more
or less constant.

The concept of quasi-stable populations is therefore
based on experience, and it was defined as a result .of
numerical calculations carried out on a necessarily
limited scale. It is therefore not impossible that other
calculations made with other universes of model life
tables would result in a modification of the definition
of this concept. For the time being, however, we shall
take this concept exactly as it has been defined. It is easy
to see how it can be used to solve the problem pose~ ?y
the title of the present work. It is known that the fertihty
of most of the developingcountries has remained constant,
or at least has varied only slightly, for a long time past.
Their populations are therefore quasi-st~bl~ populati~~s,

and it can be verified that their age distribution vanes
little with the passage of time.

Let us now imagine that we have available a network
of quasi-stable populations, computed once for all by

1 The Future Growth of World Population, United Nations
publication, Sales No.: 58.xm.2 (see, in particular, para. (b) in
chapter IV).

associating a series of model fertilities with a series.of
model life tables, and let us take an actual population
of which we already know certain characteristics. With
the aid of these known characteristics, we can seek out
from the network the population which coincides with the
actual population, and the unknwon characteristics of ~he
actual population will be the same as the corresponding
characteristics of the population thus chosen from the
network. This is the principle of the method dealt with
in chapter VII.

(a) The application of the principle is not as simple
as its definition would seem to indicate, however. In the
first place, there will never be in the network of quasi
stable populations a population which coincides exactly
with the actual population; the coincidence will always
be approximate.

(b) Moreover, a network of quasi-stable populations
is as we have just seen, linked to a universe of model
life tables. We have already pointed out in previous
chapters that, in order to describe all the possible life
tables applicable to human species, we had to define three
universes of life tables-intermediate model life tables,
upward-deviating model life tables, and downward
deviating model life tables. In this chapter, we sh~ll use
the universe of intermediate model life tables, and m the
following chapters we shall consider how the conclusions
we reach must be modified when considered in the light
of the other two universes.

(c) This having been assumed, a network of qu~si.

stable populations is made up of a numb~~ of population
projections computed for constant fertility a~d for a
mortality varying within the universe of model hfe tables
adopted. There are, of course, an infinite number of
possible variations in such a universe, and there are
therefore an infinite number of possible networks.

(d) In order to eliminate this indeterminateness, we
have used the following property of quasi-stable popula
tions: in a quasi-stable population, the age distribution
is at each moment very close to the age distribution of
the stable population of that moment.s In other words, a
network of stable populations constructed on the model
life table adopted can be considered to represent the
universe within which all the possible quasi-stable popu
lations linked to the model life table in question vary.

In chapter VII, we shall consider a n~twork of s~able

populations (or a network of Ma~thuslan populations,
which amounts to the same thing) constructed by
associating a series of model fertilities with a series of
intermediate model life tables. By assimilating actual
populations to the populations in this network, we shall
study the methods of evaluating. the demographic
characteristics of these actual populations.

• This property was stated in chap. V.
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B. The network of intermediate model stable populations

We have selected six intermediate model life tables
corresponding to expectations of life at birth of 20, 30,
40, 50, 60.4 and 70.2 years. In our first series, we have
associated these model life tables with six gross repro
duction rates of 4.0, 3.0, 2.5, 2.0, 1.5 and 1.0, and we have
thus calculated thirty-six stable populations by applying
the simplified method, i.e., by assuming that the female
fertility function is reduced to a single value cp(27.5).
In our second series, we have associated the same types
of mortality with the following seven rates of natural
variation (percentages): -1.0, +0.5, + 1.0, + 1.5, +2.0,
+3.0 and +4.0. We thus obtain forty-two stable popula
tions. The computation of the stable populations of this
second series is very simple. Since the rate of natural
variation is known, all we have to do is to multiply the
survivorship functions p/(a), Pm(a) and p(a) by the
coefficients e-ra. The crude birth rates and death rates
can be deduced immediately. There then remains to be
calculated the gross reproduction rate, which was among
the data for the first series. The difference between the
two series is more apparent than real, however, for in
the first series the gross reproduction rate is known only
if we assume that the female fertility function is reduced
to a single value cp(27.5). If the fertility function has a
different age distribution, it is necessary to compute the
gross reproduction rate compatible with that distribution
and the age structure of the population calculated by the
simplified method. We are then confronted with the same
problem as in the case of the forty-two populations of
the second series, but this problem is easily solved and
has been dealt with at the end of chapter II. We assume
the distribution Mj{a) of the fertility function and we
write:

R're-rapf(a)Mf(a)da = 1
u

If we use five-year age groups for the calculation, and if
we introduce into the calculation the age distribution of
the total population, the formula is written:

R' X 2,05LV CaM a = b
u

where Co, represents the proportion in the total population
of women in the five-year age group a, a + 5; b is the
crude female and male birth rate; 2.05 is a multiplication
factor of the gross reproduction rate which serves the
purpose of introducing into the formula the total of all
the female and male births; and M a is the rate of female
fertility in the age group Ca.

Table VII.1 shows, by way of example, what results
would be obtained from fertilities distributed in the same
way as those of Jamaica in 1953 and of Spain in 1940
for the thirty-six stable populations. It will be recalled
that the intermediate distribution was determined in
such a way as to result, for a given value of the gross
reproduction rate, in a stable population close to that
arrived at by the "special case" method. Table VII.1
makes it possible to evaluate empirically the degree to
which the intermediate distribution adopted achieves the
desired goal.

If we adopt the same fertility distribution for the
thirty-six and the forty-two stable populations, we
obviously obtain the same network of stable populations
in both cases. In the thirty-six populations, the mortality

TABLE VII.1. VALUE OF THE GROSS REPRODUCTION RATE IN THE
NETWORK OF INTERMEDIATE MODEL STABLE POPULATIONS, FOR
VARIOUS DISTRIBUTIONS OF FERTIUTY BY AGE

Function of fertility distribution

Expectation
of life Reduced to a Similar Similar

at birth for single value to that to that
both sexes ~(27.5) of Jamaica of Spain Interme-

(years) (special case) in 1953 in 1940 diate

20 . 4.00 3.94 4.17 4.05
30 . 4.00 3.86 4.13 3.99
40. 4.00 3.82 4.11 3.96
50 . 4.00 3.80 4.10 3.94
60.4 4.00 3.77 4.09 3.92
70.2 4.00 3.76 4.09 3.91

20 . 3.00 3.00 3.12 3.06
30 . 3.00 2.95 3.10 3.02
40. 3.00 2.92 3.09 3.00
50 . 3.00 2.91 3.08 2.99
60.4 3.00 2.89 3.08 2.98
70.2 3.00 2.88 3.08 2.98

20 . 2.50 2.52 2.59 2.56
30 . 2.50 2.48 2.58 2.53
40 . 2.50 2.46 2.57 2.51
50 . 2.50 2.45 2.57 2.50
60.4 2.50 2.44 2.57 2.50
70.2 2.50 2.43 2.57 2.49
20 . 2.00 2.03 2.06 2.05
30 . 2.00 2.00 2.05 2.03
40 . 2.00 1.99 2.05 2.02
50 . 2.00 1.98 2.05 2.01
60.4 2.00 1.97 2.05 2.01
70.2 2.00 1.97 2.05 2.00

20 . 1.50 1.53 1.53 1.53
30 . 1.50 1.51 1.52 1.52
40. 1.50 1.50 1.52 1.51
50 . 1.50 1.50 1.52 1.51
60.4 1.50 1.49 1.52 1.51
70.2 1.50 1.49 1.53 1.51

20 . 1.00 1.02 0.99 1.01
30 . 1.00 1.01 0.99 1.00
40 . 1.00 1.01 0.99 1.00
50 • 1.00 1.00 1.00 1.00
60.4 1.00 1.00 1.00 1.00
70.2 1.00 1.00 1.00 1.00

and fertility are given and the rate of natural variation
is a result. In the forty-two populations, the mortality
and the rate of natural variation are given and the fertility
is a result. For a given problem, we can use either of
these two series and there is no theoretical reason for
preferring one to the other, but one may be more
convenient than the other, according to the calculations.

Annex III contains detailed results of the computation
of the two series of stable populations. We shall confine
ourselves in this chapter to giving, in tables VII.2 and
VII.3, the main characteristics of the network of stable
populations thus calculated. We shall refer to this network
hereafter as the network of intermediate model stable
populations.

C. Relationships among gross reproduction rate, expecta
tion of life at birth, stable birth rate and stable death
rate

In graph VII.1, the horizontal axis represents the stable
death rate and the vertical axis the stable birth rate for
the series of thirty-six stable populations. There is one
point in the graph for each stable population, and we
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TABLE VIII.2. CHARACTERISTICS OF THE NETWORK OF INTERMEDIATE MODEL STABLE POPULATIONS, AS A
FUNCTION OF THE GROSS REPRODUCTION RATE AND OF THE EXPECTATION OF UFE AT BmTH FOR BOTH SEXES

Distribution of the Stable rates per 1 000 Distribution by
population by age groups ofdeaths

Expectation age groups (%) over 5 years ofage (%)
Gross of life at
repro- birth for

duction both sexes
rate (years) Under 60 and Natural 60 and

15 15-19 over Births Deaths variation 5-14 15·59 over

4 20 45.2 52.4 2.4 63.8 53.0 10.8 19.6 68.3 12.1
3 38.5 57.6 3.9 50.5 50.2 0.3 14.7 68.4 16.9
2.5 34.1 60.7 5.2 42.8 49.1 -6.3 11.8 66.5 21.7
2 28.9 64.0 7.1 34.2 48.6 -14.4 9.1 65.4 25.5
1.5 22.6 66.9 10.5 24.8 49.7 -24.9 6.2 61.3 32.5
1 14.8 68.3 16.9 14.6 54.4 -39.8 3.3 53.6 43.1

4 30 48.2 49.2 2.6 59.8 35.3 24.5 19.5 64.7 15.8
3 41.3 54.5 4.1 47.7 33.7 14.0 14.5 63.4 22.1
2.5 36.9 57.6 5.5 40.6 33.2 7.4 11.6 61.6 26.8
2 31.4 60.9 7.7 32.7 33.6 -0.9 8.7 58.4 32.9
1.5 24.7 63.8 11.5 23.8 35.0 -11.2 5.7 53.0 41.3
1 16.3 65.0 18.7 14.0 39.9 -25.9 2.9 44.0 53.1

4 40 50.0 47.3 2.7 57.3 24.1 33.2 18.8 60.8 20.4
3 43.1 52.5 4.4 46.0 23.3 22.7 13.6 58.1 28.3
2.5 38.5 55.6 5.9 39.3 23.2 16.1 10.8 55.4 33.8
2 32.9 58.8 8.3 31.7 23.7 8.0 7.9 51.1 41.0
1.5 25.9 61.6 12.5 23.1 25.6 -2.5 5.0 44.6 50.4
1

I
17.0 62.6 20.4 13.6 30.9 -17.3 2.4 35.0 62.6

4 50 51.5 45.8 2.7 55.7 16.2 39.5 17.5 56.5 26.0
3 44.6 50.9 4.5 44.9 15.8 29.1 12.3 52.3 35.4
2.5 40.0 53.9 6.1 38.4 16.0 22.4 9.5 48.8 41.7
2 34.2 57.2 8.6 31.1 16.8 14.3 6.7 43.7 49.6
1.5 27.0 60.0 13.0 22.7 18.8 3.9 4.1 36.7 59.2
1 17.8 60.7 21.5 13.4 24.3 -10.9 1.9 27.3 70.8

4 60.4 52.9 44.4 2.7 54.1 9.4 44.7 14.8 51.1 34.1
3 46.0 49.6 4.4 43.8 9.6 34.2 9.9 45.5 44.6
2.5 41.4 52.6 6.0 37.7 10.1 27.6 7.4 41.3 51.3
2 35.6 55.8 8.6 30.6 11.1 19.5 5.0 35.9 59.1
1.5 28.2 58.7 13.1 22.5 13.5 9.0 2.9 29.0 68.1
1 18.7 59.4 21.9 13.3 19.0 -5.7 1.3 20.6 78.1

.

4 70.2 54.1 43.3 2.6 52.7 4.1 48.6 9.2 42.8 48.0
3 47.3 48.4 4.3 42.9 4.8 38.1 5.7 36.1 58.2
2.5 42.7 51.4 5.9 37.0 5.5 31.5 4.0 31.9 64.1
2 36.8 54.7 8.5 30.1 6.8 23.3 2.6 26.8 70.6
1.5 29.3 57.7 13.0 22.3 9.4 12.9 1.4 21.1 77.5
1 19.5 58.6 21.9

I
13.3 15.1 -1.8 0.6 14.5 84.9

thus have thirty-six points. We have joined together
those points corresponding to the same expectation of
life at birth and those corresponding to the same gross
reproduction rate. Finally, we have plotted a network of
straight lines inclined at an angle of 45 degrees, each
corresponding to a constant rate of variation. In this
way, we have obtained five networks of superimposed
lines:

(a) A network of vertical straight lines for constant
death rate;

(b) A network of horizontal straight lines for constant
birth rate;

(c) A network of curves for constant expectation of
life at birth;

(d) A network of curves for constant gross reproduction
rate;

(e) A network of straight lines inclined at 45 degrees
for a constant rate of variation.

This first diagram enables us to begin to grasp the
properties of the intermediate model stable populations.

It will be observed that the network of curves for
constant expectation of life, like the network of curves
for constant gross reproduction rate, do not tum back
on themselves. It was seen in chapter II that knowledge
of the life table and of the gross reproduction rate (once
the age distribution of the fertility rates was fixed) was
sufficient to determine one, and only one, stable popula
tion. In other words, there corresponds to each pair of
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TABLE VIIJ. CHARACTERISTICS OF THE NmWORK OF INTERMEDIATE MODEL STABLE POPULATIONS, AS A
FUNCTION OF THE INTRINSIC RATE OF NATURAL VARIATION AND OF THE EXPECTATION OF LIFE AT BIRTH
FOR BOTH SEXES

Distribution 0/ the population
Stable rates per 1 000

Intrinsic Expectation
by age groups (%)

rate 0/ 0/ life at Gross
natural birth/or repro-

variation both sexes Under 60 and ductlon
(%) (years) 15 15-59 over Births Deaths rate

-1.0 20 31.7 62.3 6.0 38.8 48.8 2.26
O. 38.2 57.8 4.0 50.1 50.1 2.97
0.5 41.5 55.3 3.2 56.3 51.3 3.10
1.0 44.8 52.7 2.5 62.8 52.8 3.91
1.5 47.9 50.1 2.0 69.5 54.5 4.48
2.0 51.0 47.4 1.6 76.5 56.5 5.15
3.0 56.9 42.1 1.0 91.0 61.0 6.77
4.0 62.3 37.1 0.6 106.2 66.2 8.92

-1.0 30 25.4 63.6 11.0 24.7 34.7 1.55
O. 31.9 60.6 7.5 33.4 33.4 2.04
0.5 35.3 58.6 6.1 38.2 33.2 2.34
1.0 38.6 56.4 5.0 43.4 33.4 2.69
1.5 42.0 54.0 4.0 48.8 33.8 3.06
2.0 45.3 51.5 3.2 54.5 34.5 3.54
3.0 51.6 46.4 2.0 66.5 36.5 4.66
4.0 57.6 41.2 1.2 79.1 39.1 6.13

-1.0 40 21.2 62.6 16.2 17.9 27.9 1.22
O. 27.5 61.1 11.4 25.0 25.0 1.61
0.5 30.9 59.7 9.4 29.1 24.1 1.84
1.0 34.3 58.0 7.7 33.5 23.5 2.11
1.5 37.8 56.0 6.2 38.2 23.2 2.43
2.0 41.2 53.8 5.0 43.2 23.2 2.79
3.0 48.0 48.9 3.1 53.8 23.8 3.67
4.0 54.3 43.8 1.9 65.1 25.1 4.83

-1.0 50 18.3 60.8 20.9 13.9 23.9 1.03
O. 24.4 60.6 15.0 20.0 20.0 1.35
0.5 27.8 59.8 12'4 23.6 18.6 1.55
1.0 31.2 58.5 10.3 27.5 17.5 1.78
1.5 34.7 56.9 8.4 31.7 16.7 2.04
2.0 38.2 55.0 6.8 36.2 16.2 2.34
3.0 45.2 50.5 4.3 45.8 15.8 3.08
4.0 51.8 45.5 2.7 56.2 16.2 4.05

-1.0 60.4 16.2 58.8 25.0 11.2 21.2 0.89
O. 22.2 59.7 18.1 16.6 16.6 1.17
0.5 25.5 59.3 15.2 19.7 14.7 1.34
1.0 28.9 58.5 12.6 23.2 13.2 1.54
1.5 32.5 57.2 10.3 27.0 12.0 1.77
2.0 36.0 55.6 8.4 31.1 11.1 2.03
3.0 43.2 51.5 5.3 39.9 9.9 2.67
4.0 49.9 46.7 3.4 49.5 9.5 3.52

-1.0 70.2 14.8 57.1 28.1 9.5 19.5 0.80
O. 20.6 58.7 20.7 14.3 14.3 1.05
0.5 23.9 58.7 17.4 17.1 12.1 1.20
1.0 27.3 58.2 14.5 20.3 10.3 1.38
1.5 30.8 57.3 11.9 23.8 8.8 1.59
2.0 34.4 55.9 9.7 27.5 7.5 1.82
3.0 41.6 52.2 6.2 35.7 5.7 2.40
4.0 48.5 47.6 3.9 44.7 4.6 3.16

values-the expectation of life at birth eo and the gross
reproduction rate R'-a unique other pair of values: the
stable birth rate b and the stable death rate d. The fact that
the two networks under consideration do not overlap
shows that the converse of this property is equally true in
the network of intermediate model stable populations:
there corresponds to a pair of values for the stable birth

rate and the stable death rate a unique pair of values for
the expectation of life at birth and the gross reproduction
rate. Here we have a particular case of a much more
general property of the stable populations considered in
this chapter, which can be stated as follows: if we
consider any two independent characteristics (Ci and C2)
of such a stable population-for example, the gross
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reproduction rate and the percentage of the population
over 15 years of age, or the percentage of deaths at 60
and over and the stable birth rate-we can state that,
generally speaking, a pair (Cl and C2) tends to determine
without ambiguity a stablepopulation within the network.

We are not dealing here with a theoretical property
of stable populations. The precise nature of this property
is due to the fact that the stable populations considered
in this chapter have mortalities conforming to the model
life tables. More precisely, it is due to the fact that the
"universe" of intermediate model life tables is a stratified
universe, in the sense that the curves for probabilities of
death and the survivorship curves of the series of model
tables do not cross, but are entirely one below the other.

However, the property under consideration is true
only in a general sense. We shall give below, by way of
example, a case where it is not true.

The curves for constant expectation of life in the case
of medium and high fertilities (gross reproduction rate
over 2.0) diverge relatively little from the vertical. In
other words, at these levels of fertility the stable death
rate is a fairly good index of the mortality of the inter
mediate model stable populations. If fertility is low,
however, the stable death rate may give a very false idea
of the mortality level.

The curves for constant gross reproduction rate diverge
relatively little from the horizontal, particularly in the
case of medium or low fertilities. The stable birth rate
is therefore a fairly good index of the fertility of stable
populations. However, this assessment of the value of the
vital rates for measuring fertility and mortality can be
made a little more precise.

On each curve for constant expectation of life we have
plotted the points whose abscissa (the vital death rate)
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Graph V1I.I. lliustration of relations among stable death rate, stable birth rate, intrinsic rate of
natural variation, gross reproduction rate and expectation of life at birth in the network of
intermediate model stable populations
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Graph VII.1 his. Areas of graph VII.1 in which the curves of
graph VII.2 are usable

average with the gross reproduction rate enables us to
pass very easily from the stable birth rate to the gross
reproduction rate (graph VII,2). Here, again, however,
we should be sure, before using graph VII,2, that we
are really within the area MM'NQP.
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does not diverge more than 5 per cent from the abscissa
of the point of intersection with the corresponding curve
for the gross reproduction rate of 3.0. We thus trace
the curve BB'.

On each curve for constant gross reproduction rate
we have marked the points whose ordinate (the birth rate)
does not diverge more than 5 per cent from the abscissa
of the point of intersection with the curve corresponding
to an expectation of life at birth of 40 years. We thus
obtain lines MM' and PP'.

If we eliminate the declining stable populations (the
hatched area of the diagram) we may say that the stable
death rate is a good index for measuring mortality in the
area ABCDE (graphs VII.1 and VII.1 his).

In table VIlA, we have reproduced the stable death
rate corresponding to the thirty-six stable populations
and have underlined those which are within or very close
to the area ABCDE. The last line of the table gives, for
each expectation of life, the average of the rates under
lined. The relationship linking this average with the
expectation of life enables us to pass very easily from the
stable death rate to the expectation of life of populations
conforming to the conditions of the network of inter
mediate model stable populations (graph VII,2). It must,
however, be borne in mind that graph VIl.2 cannot be
applied outside the area ABCDE.

Similarly, the stable birth rate is a good index for
measuring fertility in the area MM'NQP (graphs VII.I
and VII.I his).

In table VII.5, we have reproduced the stable birth
rates of the thirty-six stable populations and have under
lined those which are within or very close to the area
MM'NQP. In the last column of the table we have
calculated, for each gross reproduction rate, the average
of the rates underlined. The relationship linking this
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Graph VII.2. Approximate relationships between: (1) stable death rate and expectation of
life at birth; (II) stable birth rate and gross reproduction rate
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Expectation of life at barth for both sexes (years)

TABLE VIlA. STABLE OEATH AA'I'£ iN INTEAMllOlA'tE MaDilL STABLE
POPULATIONS

(Per thousand)

4.0 53.0 35.3 24.1 16.2 904 4.1
3.0 50.2 33.7 23.3 15.8 9.6 4.8
2.5 49.1 33.2 ill 16.0 10.1 5.5
2.0 48.6 33.6 ill 16.8 ill 6.8
1.5 49.7 35.0 25.6 18.8 13.5 9.4
1.0 54.4 39.9 30.9 24.3 19.0 15.1

Gross repro-
duction rate 20

Average of rates
underlined 51.6

30

33.9

40 60

23.6 16.2

60.4

9.7

70.2

4.5

approximate values which are sufficiently accurate for
practical use. It should be clearly noted, however, that
the concordance of the figures in the last two columns
of table VII.6 does not mean that the level of mortality
thus determined is the actual level. All the figures in
table VII.6 refer only to the recorded mortality, which
may be lower than the true rate.

The second example concerns fertility in Chile 4 for
1935-1939. During that period, an average crude birth
rate of 32.9 per thousand was recorded in Chile. From
graph VU.2 (curve II) we see that a gross reproduction
rate of 2.08 corresponds to this value for the crude birth
rate. The gross reproduction rate computed directly from
the recorded rate of age-specific female fertility is equal
to 2.077. The concordance between the results of the two
computations is excellent. As in the previous example,
however, these are merely the recorded figures, and the
true level of fertility may be different.

TABLE VII.6. TREND OF THE RECORDED DEATH RATE IN CEYLON

TABLE VII.5. STABLE BIRTH RATE IN INTERMEDIATE MODEL STABLE
POPULATIONS

(Per thousand)

4.0 63.8 59.8 57.3 55.7 54.1 52.7 57.6
3.0 50.5 47.7 46.0 44.9 43.8 42.9 45.6
2.5 42.8 40.6 39.3 38.4 37.7 37.0 39.0
2.0 34.2 32.7 31.7 31.1 30.6 30.1 31.4
1.5 24.8 23.8 23.1 22.7 22.5 22.3 22.7
1.0 14.6 14.0 13.6 13.4 13.3 13.3 13.3

1946 19.8 44.7 42.8
1947 14.0 53.6 51.9
1948 12.9 55.6 54.1
1949 12.3 56.2 55.5
1950 12.4 56.1 55.6
1951 12.7 55.7 55.1
1952 11.8 57.0 56.6
1953 10.7 58.8 58.2
1954 10.2 59.6 59.8

A GUIDELINE

It will readily be understood that we can multiply
diagrams similar to graph VII.l almost to infinity. All
we have to do is to indicate any characteristic (CI) of a
stable population of the network on the horizontal axis
and any other characteristic (C2) on the vertical axis.
It is therefore necessary to make a choice among all the
possible diagrams. In order to guide this choice, it is
desirable to clarify somewhat the use that can be made
of these diagrams and to consider the documentation at
our disposal.

(1) Generally speaking, the populations that can be
assimilated to stable populations are those of less
developed countries. The mortality and fertility levels of
such populations are usually unknown. The registration
of births and deaths, if it exists at all, is almost always
very incomplete, and it may therefore be considered that
the expectation of life at birth and the gross reproduction
rate are the values sought.

(2) The age distribution is better known. This is an
item of data provided by censuses, and we often have a
number of censuses at our disposal. If we have no census
results, a sample survey can be used instead. We must, of
course, take into account errors in the statement of ages
which may affect the census or sample survey data in
less developed countries, particularly in the case of
children under 5 years of age.

(3) The annual rate of natural variation is linked with
the annual rate of variation, which is known from the
comparison of successive census results. We pass from
one to the other by taking migratory movement into
account. A sample survey can also provide a measurement
of the rate of natural variation. Here, again, however,
account must be taken of errors which may affect the
data. In many less developed countries, for example,
recent census counts or sample surveys are more complete
than those made previously, with the result that they show
a rate of increase higher than the true rate.

(4) The registration of deaths is often very incomplete.
Except in the case of very young children, however, it is
possible that under-registration does not vary greatly
with age. We can, at all events, assume this as a working

Average
of rates
under
lined

Expectation of life
at birth for baths
sexes (in years)
calculated from
the age-specific

death rates

50 60.4 70.240

Expectation of life
at birth for both
sexes (in years)
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graph VII.2

(curve I)

30

Expectation of life at birth for both sexes
(years)

20

Recorded
death rate

(per thousand)Year

Gross
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duction rate

PRACTICAL APPLICATIONS

Here now are two examples of the practical application
of the two curves of graph VU.2. The first one concerns
mortality in Ceylon.s Comparison of the last two columns
of table VII.6 shows that, in the case of that country,
the rapid determination of the expectation of life at birth
from the death rate, using curve I of graph VII.2, gives

3 The age distribution of the population of Ceylon has varied
little with the passage of time. We can therefore assimilate this
population at all times to a quasi-stable population.

• The age distribution of the population of Chile has varied
little with the passage of time, and we can therefore assimilate it
at all times to a quasi-stable population.
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hypothesis and can reconsider the validity of the assump
tion if the results obtained seem to be improbable. This
being so, we know the age distribution of deaths, .or
rather of deaths excluding young children.

(5) Censuses sometimes give direct information about
fertility by providing data from which the average number
of children born to each woman can be calculated.
In populations where fertility is constant, we can obtain
the gross reproduction rate by multiplying this average
number by the proportion of girls at birth (approximately
0.49). Unfortunately, the data assembled by censuses in
this respect are often imprecise.

(6) We can obtain information on mortality by
comparing the numbers of persons in corresponding age
groups in two censuses. This procedure is a well
known one, but the crude results givenby it are sometimes
difficult to interpret because of irregularities in the age
distribution due to erroneous statements of age or to
incomplete coverage of certain age groups of the popula
tion. Comparison of the observed age distribution with
stable distributions enables these irregularities to be
reduced to some extent, but it is always necessary to act
cautiously in these matters. If we replace the observed
age distribution by an adjusted stable distribution, this
is usually tantamount to constructing a life table by the
methods described in chapters II or IV. A variant of the
method of comparing the age groups at two successive
censuses consists of comparing only the corresponding
populations above a certain age in the two censuses. If,
for example, we have two good censuses nine years apart
and the population is a closed population (or if we can
take migratory movement into account, which amounts
to the same thing), the difference between the total
population at the first census and the population aged
9 years and over at the second census is approximately
equal to the number of deaths of persons aged 4.5 years
and over during the interval between the two censuses
(4.5 = 9/2). If we divide this approximate number of
deaths by the number of persons aged 4.5 years and over /;
at the middle of the interval, we obtain the mean death
rate for those aged 4.5 years and over during the interval
between the two censuses.

Knowing what data we have and what we hope to
deduce from them, we can now proceed to select the most
useful diagrams. We shall consider in succession the
following cases:

(a) Only the age distribution of the population is
known. This would be the case, for example, if we had
the results of only one census. We shall take as charac
teristics of the stable population Cl and C2 two
characteristics of the age distribution, such as the per
centage of the population aged 60 and over (on the
horizontal axis) and the percentage of the population
under 15 (on the vertical axis);

(b) The age distribution of the population and the
annual rate of natural variation are known. In this case,
we shall let the horizontal axis represent the proportion
of the population under 15 and the vertical axis the rate
of natural variation;

(c) The age distribution of deaths is known. Data on
the age distribution of deaths are of a different nature

I) This population is the half-sum of the total number of persons
in the population at the first census and the total number of persons
aged 9 and over at the second census.

from those mentioned above, which are known only for
certain dates-the age distribution at the time of a census,
and the rate of natural variation at the middle of the
interval between two censuses- while the age distribution
of deaths, which is obtained from the statistics of popula
tion movement, is generally known annually. We may
consider three diagrams:
(i) Only the age distribution of deaths is known. We

can, for example, indicate on the horizontal axis the
percentage of deaths at 60 and over and on the
vertical axis the percentage of deaths under 15.
We can also disregard children under 5, whose deaths
are usually stated less accurately than those of older
persons, and we shall indicate on the horizontal axis
the proportion of deaths at 60 and over in the total
number of deaths over the age of 5 and on the vertical
axis the proportion of deaths between the ages of
5 and 14 in the total number of deaths over the age
of 5;

(ii) The age distribution of the population and the age
distribution of deaths are known. We may plot
proportion of deaths at 60 and over in the total
number of deaths over the age of 5 on the horizontal
axis and the proportion of the population aged 60
and over on the vertical axis;

(iii) The age distribution of deaths and the rate of natural
variation are known. The horizontal axis may
represent the proportion of deaths of 60 and over
in the total number of deaths over the age of 5 and
the vertical axis may represent the rate of natural
variation.

Before considering the diagram mentioned in para
graph (a) above, we would comment on the accuracy
with which the age distribution is known.

AGE DISTRIBUTION OF THE POPULATION

As was stated above, we often know the age distribution
of a population; there are even time series available for
many countries. However, certain qualifications must be
made regarding this statement.

In developing countries, as was just pointed out,
statements of age are often inaccurate and the counting
of certain age groups may be incomplete, resulting in
irregularities in the population pyramid. It is essential
to make a careful examination of these irregularities and
to effect the necessary corrections before using the data.
Manual III 6 describes the various methods which may
be used for this purpose. We shall confine ourselves here
to showing how the net work of intermediate model
stable populations enables the under-enumeration of
children aged 0 to 4 to be corrected.

We have calculated the following ratios for each of the
thirty-six stable populations:

Fo = girls aged 0 to 4
women aged 15 to 44

Fi = girls aged 5 to 9
women aged 20 to 49

F2 = girls aged 10 to 14
women aged 25 to 54

8 Methods of estimating population. Manual Ill: Methods for
PopulationProjections by Sex and Age (United Nations publication,
Sales No.: 56.XIlI.3).
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0.4598 0.4806 0.5129 0.5418 0.5712 0.5973
0.4041 0.4484 0.4931 0.5296 0.5658 0.5974
0.4092 0.4706 0.5090 0.5402 0.5726 0.6018

0.3368 0.3703 0.3960 0.4188 0.4122 0.4630
0.2940 0.3460 0.3810 0.4097 0.4382 0.4632
0.3162 0.3638 0.3936 0.4181 0.4438 0.4668

0.2837 0.3127 0.3348 0.3544 0.3746 0.3926
0.2482 0.2925 0.3222 0.3468 0.3712 0.3928
0.2675 0.3078 0.3332 0.3540 0.3761 0.3960
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TABLE VII.7. VALUES OF THE RATIOS OF GIRLS TO WOMEN (Fo, FI
AND Fa) IN THE NETWORK OF INTERMEDIATE MODEL STABLE
POPULATIONS

It will be observed from table VII.7 that in the case of
a stable population the three ratios Fo, FI and F2 are
very close to each other, Fo and F2 in particular being
almost always practically identical. If, therefore, in
dealing with an actual population which can be assimilated
to a stable population, we find ratios Fe, FI and F2 which
deviate from this pattern, we can correct the age distribu
tion accordingly.

Expectation of life at birth for both sexes (years) 40t---tt\-+~-

D. Age distribution and levels of mortality and fertility

Graph VII.3 enables us to study how the age distribu
tion of intermediate model stable populations varies as
a function of mortality and fertility. We have plotted
on the horizontal axis the proportion of persons aged 60
and over and on the vertical axis the proportion of persons
under IS. We have also plotted curves for constant
mortality and constant fertility.

The two extreme curves for constant mortality enclose
an elongated band which is quite narrow towards both
the horizontal and the vertical axes, particularly if we
disregard the very high mortalities (expectation of life
at birth of less than 30 years) which, after all, represent
quite exceptional situations. Moreover, the curves for
constant fertility deviate only slightly from the vertical.

10 20 30

Proportion of the population aged 60 and over (per cent)

10o~-----_;I;;_-----"'"'""":~------l

Graph vn.3. Relationships among age distribution, mortality level
and fertility level in the network of intennediate model stable
populations

7 For more details, see The Aging ofPopulations and Its Economic
and Social Implications (United Nations publication, Sales No.:
S6XIII.6).

It follows that the age distribution of the population
is not greatly influenced by variations in mortality. At the
higher ages, this unresponsiveness of the age distribution
to variations in mortality is further accentuated, in the
case of medium and high fertilities, by the fact that the
curves for constant fertility are almost vertical. In other
words, the proportion of persons aged 60 and over is
almost independent of the mortality. 7

Let us now consider, taking an actual example, how
to use such a graph. We have chosen for this study the
population of Venezuela, the distribution of which by
five-year age groups, as obtained from the three censuses
of 1930, 1941 and 1950, is given in table VII.8. At first
sight, the distribution of this population by age groups
seems to have varied little; however, two facts, one of a
general nature and the other peculiar to Venezuela,
should be taken into account:

(a) The enumeration of children is defective in almost
every population census, even in countries having reliable
statistics, and the magnitude of the errors in such
enumeration varies from census to census;

0.2291 0.2531 0.2714 0.2877 0.3044 0.3194
0.2009 0.2371 0.2615 0.2816 0.3018 0.3197
0.2170 0.2499 0.2705 0.2876 0.3059 0.3224

0.1727 0.1915 0.2057 0.2183 0.2314 0.2431
0.1519 0.1796 0.1983 0.2138 0.2295 0.2434
0.1647 0.1896 0.2054 0.2186 0.2327 0.2456

0.1144 0.1275 0.1373 0.1460 0.1551 0.1633
0.1011 0.1199 0.1325 0.1431 0.1539 0.1636
0.1102 0.1269 0.1375 0.1465 0.1562 0.1652

Gross
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rate: 2.0

Fo
F l •.

F I ••

Gross
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rate: 1.0
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F I ••
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TABLE VII.8. DISTRIBUTION OF THE POPULATION OF VENEZUELA BY
FIVE-YEAR AGE GROUPS, AS RECORDED IN THE CENSUSES OF 1936,
1941 AND 1950 (&)

Age group
(years) 1936 1941 1950

ALL AGES. 100000 100000 100000

0-4 14078 15010 16838
5-9 14015 13573 13652

10-14 . 12249 12288 11 415
15-19 . 10 378 10453 9864

20-24 . 9900 9694 9409
25-29 . 8471 8353 7957
30-34 . 6472 6530 6507
35-39 . 5951 5591 5989

40-44 . 5014 4946 4759
45-49 . 3721 3949 3670
50-54 .. 3304 3072 3272
55-59 . 1933 1989 2023

60-64 . 1983 1886 1837
65-69 . 878 915 951
70-74 . 691 699 760
75-79 . 325 349 373

80-84 . 303 299 329
85-89 . 104 110 107
90-94 . 67 67 77
95-99 . 31 32 39

100 and over 32 16 12

Age not stated 100 179 160

SOURCE: Octavo Censo General de Poblacion. Edad y estado civil
por entidades y distritos, y resumen nacional, Caracas, 1954. See, in
particular, table 2 on page 4.

(&) Excluding Indians in the jungle.

(b) The crude birth rate recorded in Venezuela has
increased considerably since 1936 (graph VIlA). Before
1936 it fluctuated around an average of 28 per thousand,
and since 1955 it has apparently been stabilized around
45 per thousand. Thus, it increased by almost 70 per cent
between 1936and 1955. A part of this increase is no doubt
due to improvements in the registration of births, but
an increase in fertility due to improved economic
conditions cannot be excluded.

This possible increase in fertility combined with a
change in the number of cases of under-enumeration of
children aged 0 to 4 might give the impression of an
invariable age distribution, while in actual fact there
was a rejuvenation at the base of the population pyramid.
If we confine ourselves to the population aged 5 and over,
however, we almost completely eliminate the effects of
this possible rejuvenation, because children over the age
of 5 are generally much more accurately enumerated than
children from 0 to 4 and also because, if there was an
increase in fertility after 1936, the population aged 5 and
over enumerated in the 1950 census was scarcely affected
by the increase. Table VII.9 gives the distribution by
five-year age groups of the population aged 5 and over,
as enumerated in the 1936, 1941 and 1950 censuses. We
can assume in this case that the age distribution of the
population aged 5 and over varied very little from census
to census.

We shall select from the network of intermediate model
stable populations the population whose age distribution
above the age of 5 coincides, at least by broad age groups,
with the age distribution observed in Venezuela in the
1936, 1941 and 1950censuses. We have drawn graph VII.5
along the same lines as graph VII.3, but this time only

1960

Calendar years

1950194019301920

I

V ~Jl\.
/

~
/

(\ I\...-...».l/ '" v
~

*Provisional
I

20
1910

30

Crude birth rate (per 1000)

50

40

Graph VII.4. Variations in the erode birth rate recorded in Venezuela from 1910 to 1962
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TABLE vn.ro. DISTRIBuTION OF THE NON-ALIEN POPULATION dP
VENEZUELA AT VARIOUS CENSUSES BY BROAD AGE GROUPS

Non-alien population Population Average
born in of the

Age group Venezuela three'
(years) 1936 1941 1950 censuses

5-14 .. 30931 30820 31201 30984
IS-59 64007 64102 63350 63820
60 and over 5062 5078 5449 5196

8 If we had a true network of quasi-stable populations,
the representative point would remain on the constant fertility
curve. Here we are taking a network of stable populations as an
approximation of a network of quasi-stable populations, and the
representative point therefore deviates from the constant fertility
curve but the deviations are small.

S Bearing in mind the inexactitude of censuses, one would be
quite as justified in assimilating the population trends of Venezuela
from 1936 to 1950 to that of a quasi-Malthusian population and
applying the methods set out in chapters II and IV.

The average distribution for the three censuses is
given in the last column of table VILlO. In graph VII.5
a point M, with ordinate 30.984 and abscissa 5.196,
corresponds to this average distribution. The curves
corresponding to a gross reproduction rate of 3.00 and
an expectation of life at birth °eo = 37.5 years respec
tively pass through this point M. Let us now consider
the meaning of these two values of fertility and mortality
in terms of the population of Venezuela.

We showed in the introduction to this chapter how the
network of stable populations employed here could be
considered to be a network of quasi-stable populations.
It will be recalled that quasi-stable populations are, by
definition, populations with constant fertility but with
a mortality varying within a universe of model mortalities.
Experience has also shown that, when these conditions
are realized, the age structure of quasi-stable populations
does not vary greatly.

In a graph such as graph VII,5, a quasi-stable popula
tion is represented by a point which will vary within a
small area (owing to the slight variability of the age
structure) with only small deviations from the constant
fertility curve 8 corresponding to the fertility of the quasi
stable population in question.

Let us revert to the three age distributions in
table VILlO. They are represented in graph VII.5 by the
line ABMC, which remains within a small area and hardly
deviates from the constant fertility curve corresponding
to a gross reproduction rate of 3.0. This line corresponds
to the evolution of quasi-stable populations, and it is
reasonable to suppose that a quasi-stable population
which followed the pattern ABMC would provide a good
picture of the population trends of Venezuela from 1936
to 1950.9 However, this is not the only development of
a quasi-stable population which is compatible with the
results of the three censuses. There are some errors in
the census results, and the three age structures are known
only approximately. In fact, all quasi-stable populations
capable of being represented by lines remaining within a
small area around the point M could be considered compa
tible with the results of the censuses. It is difficult to

100000100000100000100000All ages ...

Age group
1950(years) 1936 1941

5-14 ... 30603 30493 30201
15·59 ... 64254 64349 64396
60 and over. 5143 5158 5403

All ages 100000 100000 100000

(&) Excluding Indians in the jungle.

Between 1941 and 1950 there was a resurgence of
immigration into Venezuela,and it is preferable to exclude
aliens when comparing age structures. This can be
achieved roughly by taking the non-alien population for
1941 and the population born in Venezuela for 1950.
For 1936 we do not know the age distribution of aliens,
but only'their total number (45,184) which is close to
the number of aliens enumerated in the 1941 census
(47,704). Assuming that the distribution of aliens by age
group was the same in 1936 as in 1941, we obtain the
iollowing three distributions by age groups (table VILlO):

for the population aged 5 and over (whereas graph VII.3
related to the total population). Moreover, we have
reproduced only that portion of the graph within which
the age distribution of Venezuela occurs.

The distribution by broad age groups of the population
aged 5 and over at the three censuses in question was as
follows (figures taken from table VII.9):

TABLE VII.9. DISTRIBUTION OF TH1l POPULATION OF VENEZUELA
AGED 5 AND OVER, BY FIVE-YEAR AGE GROUPS, AS RECORDED IN
THE CENSUSES OF 1936, 1941 AND 1950 (&)

(Figures taken from table VII.8)

Age group
(years) 1936 1941 1950

5 and over 100000 100000 100000

5-9 16330 16004 16448
10-14 . 14273 14489 13 753
15-19 . 12092 12325 11 884

20-24 . 11535 11430 11 336
25-29 . 9870 9849 9587
30-34 . 7541 7699 7840

35-39 . 6934 6592 7215
40-44 . 5842 5832 5734
45-49 . 4336 4656 4422

50-54 . 3850 3622 3942
55-59 . 2252 2345 2437
60·64 . 2311 2224 2213

65-69 . 1023 1079 1146
70-74 . 805 824 916
75·79 . 379 412 449

80-84 . 353 353 396
85-89 • 121 130 129
90-94 . 78 79 93

95·99 . 36 38 47
100 and over 37 19 14
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According to table VII.ll, the gross reproduction rate
corresponding to this Venezuelan age structure 11 is
R = 3.00.

A comparison of this level with the recorded level
brings us back to the possibility, which we have thus far
left aside, of an increase in fertility after 1936. A crude
birth rate of 45 per thousand represents a very high rate
in the gamut of human natality. Consequently, if there
has been any increase in fertility since 1936, it cannot have
been very great. According to the VenezuelanGovernment
Statistical Office, the registration of births, which was
very incomplete in the past, has improved considerably
in recent years and may now be regarded as complete;
yet the recorded crude birth rate has for some years
remained at about 45 per thousand, i.e., at the pre-1945
level. This is a further reason for supposing that the
increase in fertility can only have been very small.
As a first approximation we can without doubt ignore
it and assume that up to 1960, the latest year for which
birth statistics are available, fertility in Venezuela
remained more or less constant, at a level corresponding
to a gross reproduction rate of 3.00, which in turn
corresponds to a crude birth rate of 45 per thousand.

In the case of mortality the results are less satisfactory.
In all quasi-stable populations falling inside the shaded
area of graph VII,5, the expectation of life at birth may
vary between 28 and 46 years. It can therefore be said
that from 1936 to 1950 mortality in Venezuela remained
between those two limits. This does not tell us very much.

The following important conclusion therefore emerges:
knowledge of the age distribution of a population which
can be assimilated to a quasi-stable population provides
a reliable estimate of fertility, but gives little information
about mortality.

Graphs VII.3 and VII.5 are but two examples among
many of the relationships which exist between the age
structure and the levels of fertility and mortality, and all
graphs of this type lead to the same conclusion. In
practice, one chooses the graph best suited to each indivi
dual case. If, for example, there is reason to believe that
one age group is more accurately enumerated than
another, the proportion of persons within that age group
will preferably be chosen for the horizontal or vertical
axes of the graph.

We now give a further example which could be of
considerable practical use. Table VII.11 gives the ratio f
of the number of women aged 15 to 44 to the number
of women aged 45 and over in the thirty-six female
stable populations. It is immediately apparent that the
ratio is very close to the gross reproduction rate, and it
is more or less independent of the mortality.

For Venezuela in 1950, the ratio f in respect of the
native population is :

f = 1 064 368 = 3 171
335626 .

11 The estimate of the gross reproduction rate, made on the basis
of the ratio f, relates, of course, to a period ending fifteen years
before the census, since any variation in fertility during the fifteen
years preceding the census does not affect the ratiof. Consequently,
the gross reproduction rate of 3.00 which we obtain here for Vene
zuela relates to the years before 1936.

31.5
63.8
4.7

30.5
63.8
5.7

100.0 100.0

7 8 9 10

Proportion of the population aged 60 and over
in the population aged 5 and over (per cent)

10 In the shaded rectangle, the gross reproduction rate remains
within the limits 2.84 and 3.20.

5·14 years
IS-59 years
60 and over

define the term "a small area" precisely; its meaning
depends on the degree of precision which may reasonably
be attributed to the knowledge of the age structure
acquired at the various censuses. For example, at opposite
extremes, the following two structures may both be
considered compatible with the results of the three
censuses:

Graph VlloS. Relationships between age distribution above the age
of S, mortality level and fertility level in the network of intermediate
model stable populations

40 I---....:..:;:;~_.::_+----j---+---j---+---+---j

The two extreme structures define the shaded area in
graph VII.5. Consequently, any quasi-stable population
falling within that area gives a picture of the population
trend of Venezuela from 1936 to 1950.

In all these populations, fertility will remain near the
level corresponding to a gross reproduction rate of 3.00.10

We may therefore conclude that from 1936 to 1950
fertility of Venezuela remained at about this level,
varying only slightly. However, as we have taken into
account only the population aged 5 and over, children
bornafter 1945 have not been included in the computation
and the value obtained for the gross reproduction rate
is applicable only to the years before 1945. It is easy to
calculate the crude birth rate from the gross reproduction
rate. Here, use may be made of graph VII.2, from which
we obtain b = 45 per thousand for a gross reproduction
rate of 3.00. We may therefore say that before 1945 the
crude birth rate of the population of Venezuela remained
with little variation around an average level of 45 per
thousand.

Proportion ot populatIon aged5 to 14
in the population aged.5 and over (per cent)

50 r------,--..,.------y--,---,.---r--..,-----,

'ol----+--+----j---+---j--,'----+---j
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E. Correction of the age structure

We are now in a position to correct the errors in the
enumeration of children aged 0 to 4 which occurred in
the three censuses we are considering. We give below
the ratio of the number of children aged 0 to 4 to the
number of persons aged 5 and over in some intermediate
model stable populations.

TABLE VII.1I. RATIO / OF THE NUMBER OF WOMEN AGED 15 TO 44
TO THE NUMBER OF WOMEN AGED 45 AND OVER IN THE INTERMEDIATE
MODEL STABLE POPULATIONS

Gross reproduction rate
Expectation

of life at birth
(years) 4.0 3.0 2.5 2.0 1.5 1.0

20 4.296 3.199 2.654 2.112 1.569 1.031
30 4.278 3.158 2.604 2.055 1.513 0.978
40 4.243 3.110 2.553 2.002 1.460 0.931
50 4.276 3.117 2.548 1.987 1.439 0.906
60.4 4.410 3.201 2.608 2.026 1.458 0.909
70.2 4.571 3.317 2.624 2.083 1.492 0.924

Ratio f can be put to valuable use in sample surveys.
It is close to the ratio between the number of women
who have passed the age of puberty and have not yet
reached the menopause and the number of women who
have passed the menopause.

In countries where the people are uncertain of their
age, it is difficult to establish an exact age structure. It
is, however, relatively easy to ascertain the number of
women who have reached the age of puberty and the
number of women who have passed the menopause.
This makes it possible to compute the ratio f, or at least
to allocate an approximate value to it. For example,
the 1950 census of the Sudan yielded a figure of
2,272,000 women who had passed the age of puberty
but had not yet reached the menopause and a figure of
724,000 who had passed the menopause. An approximate
value for the ratio f is therefore:

f= 2;;: = 3.1381

A gross reproduction rate 'of 3.0 appears compatible
with this value of the ratio f.

If we could know by means of supplementary sampling,
for instance, the average ages at which women stated
that they had reached puberty and menopause, a method
could easily be devised by preparing, with the aid of the
data given in annex III, a table similar to table VILlI,
using for limit age group the average ages at which
puberty and menopause were said to have occurred.

78.0
84.1
96.4

Percentage of
children aged 0 to 4

enumerated

0.164
0.177
0.203

Ratio 0/ the number 0/ children
aged 0 to 4 to the number
of persons aged 5 and over

Year
of census

Children Percentage of Corrected figures
Year aged 0 to 4 children aged for children

of census enumerated oto 4 enumerated aged 0 to 4

1936. 473628 78.0 607215
1941 . 577993 84.1 687268
1950. 847748 96.4 879406

Age group
(years) 1936 1941 1950

Q-4 • 299369(8) 339501 (b) 430567 (0)
5-9 . 230133 255893 334560

10-14 197209 226819 276204
15-44 812239 902401 1105480
20-49 687340 763031 940041
25-54 572025 633165 784543
F 0 = Q-4/l5-44 0.3685 0.3762 0.3895
F1 = 5-9/20-49 . 0.3348 0.3354 0.3559
F I = 10-14/25-54 0.3448 0.3582 0.3521

1936 •
1941 .•.
1950 • • •

(&) Corrected figures 233508/0.780 = 299369.
(b) Corrected figures 285520/0.841 = 339501.
(0) Corrected figures 415067/0.964 = 430567.

TABLE VII. 12. VENEZUELA - FEMALE POPULATION

By comparing these ratios with the expected value of
0.21, we can estimate the percentage of children aged
o to 4 who were enumerated. Dividing the number of
children enumerated by the percentages, we obtain the
following corrected figures:

It is possible, using the corrected figures, to calculate
the ratios Fe, Fi, F2 and to compare them with the same
ratios in table VII.7. For this purpose, we shall assume
that the percentage of children aged 0 to 4 who were
enumerated is the same for boys and girls. Table VILl2
provides the data for the computation of Fo, Fi and F2.
The improvement in the census enumeration of children
aged 0 to 4 may be seen in the increase over the years in
the percentage of children enumerated. In 1950 the
degree of precision appears comparable to that achieved
in countries with complete demographic statistics. The
distribution of the population of Venezuela by broad age
groups at the three censuses is given, with the corrected
figures, in table VILl3.

TABLE VII.13. DISTRIBUTION OF THE POPULATION OF VENEZUELA
BY BROAD AGE GROUPS AT THE 1936, 1941 AND 1950 CENSUSES,
CORRECTED TO ALLOW FOR UNDER-ENUMERATION OF CHILDREN
AGED 0 TO 14

Ratio of the number of
children aged 0 to 4 to
the number ofpersons

aged 5 and over

Expectation of life
at birth for both sexes

(in years)

Gross
reproduction

rate

Within the shaded area of graph VII.5, it may be
assumed that this ratio does not deviate greatly from
a figure of 0.21. In the three Venezuelan censuses we
find the following ratios :

1936 1941 1950

Year of census

3.00

20
30
40
50
60.4
70.2

0.185
0.197
0.206
0.216
0.225
0.233

Age group
(years)

0-14 •.•
15-59 ...
60 andover

All ages.

42661
53090
4249

100000

42576
53164
4260

100000

42334
53200
4466

100000

Average
of the

three censuses

42524
53151
4325

100000
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Proportion 01 population under the age 0115 (per cent)

47
F. Age structure and rate of natural variation

50

18 If we assume that the population of Venezuela was quasi
Malthusian from 1936 to 195Q-and it has already been shown that
this assumption is perfectly compatible with the results of the three
censuses-then knowledge of the age structure and of the rate of
natural variation completely determines the mortality and fertility
of the population (see the first example in chapter IV). However,
the methods which must then be employed involve relatively lengthy
calculations, and it might be desirable to obtain rapid-though less
precise-estimates of fertility and mortality. That is the purpose of
graphs such as graph VII.7.

U The censuses relate to about the end in the respective
years: 7 December 1941 and 26 November 1950.

We shall now assume that, in addition to the age
structure, the rate of natural variation is known. This
further information makes it possible to achieve greatly
improved estimates of mortality and fertility, in a way
that may be readily seen. Turning once more to
graph VII,6, we are able to plot on it a third network of
lines: those of the constant intrinsic rate of natural
variation. This has been done on graph VII.7. We saw
how all the points in the rectangle ABCD could represent
the population of Venezuela at any time between 1936
and 1950. If we assume it to be known that, at a given
time, the rate of natural variation was between 22 and 23
per thousand, the corresponding representative points
must lie within the part of the rectangle enclosed by the
curves marked 22 and 23, i.e., within the small shaded
area. As will be seen, this greatly reduces the indeter
minateness of the levels of fertility and mortality. Let us
apply this method to Venezuela.P

Table VII.14 shows how it is possible to estimate the
rate of natural variation of the population of Venezuela
between the 1941 and 1950 censuses. The total corrected
population, less aliens and naturalized Venezuelans,
as well as the Indians in the jungle, has been regarded
as a closed population and the rate of variation computed
on the basis of these population figures has been
considered approximately as the rate of natural variation.
The value thus obtained for the rate of variation has been
assigned to the median year between the two censuses.
Lastly, we find a rate of natural variation equivalent
to 22.6 per thousand. We have assumed that this was
only an approximation and that the true rate lay between
22 and 23 per thousand. This brings us into the small
shaded area of graph VII.6. Within this area, the gross
reproduction rate lies between 2.84 and 3.00 and the
expectation of life at birth for both sexes lies between
39 and 43 years. These values provide an estimate of the
fertility and mortality of the population of Venezuela
midway between the two censuses, i.e., about mid-1945.14

Graph VII.7 is an example of a graph containing three
elements of stable populations:

(a) The proportion of persons under the age of 15;
(b) The proportion of persons aged 60 and over;
(c) The intrinsic rate of natural variation.
Such graphs clearly provide more reliable estimates

than graphs involving only two factors. They have,
however, the disadvantage of being quite difficult to
draw, and in a specific case it may be sufficient to only
one characteristic of the age structure-for example,
the proportion of persons under the age of 15-and the
intrinsic rate of natural variation. Graph VII.8, an
enlargement of which is given in graph VII.9, is of this

43.0
53.2

3.8

100.0

42.0
53.2
4.8

100.0
--------

Gross
reproduction
rate

4.5 5.0 5.5 6.0 6,5

Proportion of population aged 60 and over (per cent)

4.03.5

All ages

0-14 ...
15-59 .••
60 and over

Graph vn.6. Relationships between age distribution, mortality level
and fertility level in the area of the network of intermediate model
stable populations containing the population of Venezuela from
1936 to 1950 (enlargement of graph VII.3)

We can now use graph VII.3, or rather graph VII.6,
which is an enlargement of the area of graph VII.3
within which the two extreme distributions are situated.
All quasi-stable populations situated in the rectangle
ABCD of graph VII.6 are compatible with the census
results. The graph yields the same readings as
graph VII.5, i.e., a gross reproduction rate within the
limits of 3.20 and 2.84 and an expectation of life at birth
for both sexes within the limits of 28 and 46 years.

Before making further use of the networks of inter
mediate model stable populations, we must remember
that everything said above assumes a mortality
conforming to the intermediate model life tables. Until
the effect of the deviations in relation to these model
life tables has been studied.P the results obtained must
be considered provisional.

12 This will be done in chapter VIII.

Keeping the same margin of error as in our previous
calculation, we shall find that the age distribution of the
population of Venezuela from 1936 to 1950 remains
within the limits set by the following two extreme
distributions:

43 I--++-:r--H'-""Iri--+~-N'----+---+---+-l

4l1--+---f-L~---,f+--+--f-l\r-f--+---P>..---+---+-l

42 1--+-..L...lII+-.....,~~~~I+---l<-+---+---+--l

44 ~--+----I+-¥---If-----\+-

46

45 I----+--~__!l_--I-*

40 I----l------l-----X--I---hf-----\c-+l'----+-k-----+--l

37 L_...L__...L__--L__--L_---:V-__--L_--.:.-L---J

39 1----l------l-----l--~f+---I4-----\._--It---"*---1

38 1----l-----l----+---+V--+--+----fl...---t----1
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Graph VII.S. Relationships between the proportion of the population
under the age of 15 and the intrinsic rate of natural variation in
the network of intermediate model stable populations
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Graph VII.7. Relationships betweenage distribution, mortality level,
fertility level and intrinsic rate of natural variation in the area of
the network of intermediate model stable populations containing
the population of Venezuela from 1936 to 1950 (graph similar to
graph VII.6, plus curves of constant intrinsic rates of natural
variation)

Intrinsic rate of natural variation (per cent)

3.0 r--,---,----,----,---,.....---r------.

45444342414039

Proportion of the population under 15 years of age (per cent)

Graph VII.9. Relationships between the proportion of the population
under the age of 15 and the intrinsic rate of natural variation in the
area of the network of intermediate model stable populations
containing the population of Venezuela from 1936 to 195Q
(enlargement of graph VB.S)
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1941 1950

(a) The 1941 census relates to 7 December 1941 and the 1950 census
to 26 November 19~O, AI), interval of nine years has been assumed.

TABLE VII.14. EsTIMATE OF THE ANNUAL RATE OF NATURAL
VARIATION OF THE POPULATION OF VENEZUELA FROM 1941 TO 1950

Total population enumerated. 3850771 5034838
Correction for under-enumeration of

children aged 0-4 . 109275 31658
Corrected total population (A) 3960046 5066496

Naturalized Venezuelans. 2224 12622
Aliens. 47704 194145
TOTAL, number of persons of foreign

origin (B) 49928 206767

Indians in the jungle (C) . 100000 56705
(A) + (C) - (B) 4010118 4916434
Increase between the censuses. 905316
Average annual (a) increase between the

censuses. 100 591
Average population between the censuses. 4463576
Average annual rate of variation (per

thousand) 22.56
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Proportion of deaths at the age of 60 and over in the total

number'of de'aths at'the age of" 5 and over (per cent)

302010

whose fertility has remained practically invariable over
a long period of time, the gross reproduction rate having
been constant at 3.0. The curve for 1950-1956 ought
therefore to lie in the neighbourhood of the curve of
constant fertility marked 3.0, but in fact there is a
considerable discrepancy between the two. According
to the line AB, China (Taiwan) should have had, during
1950-1956, an almost constant mortality rate combined
with declining fertility, causing the gross reproduction
rate to fall from 2.5 to 1.7. Yet births and deaths are
properly registered in China (Taiwan), and there has
been no decline in fertility; on the contrary, mortality
has declined sharply. We must therefore conclude that
the age distribution of deaths is incorrect. The case of
China (Taiwan) is not an isolated one. Estimates of
mortality and fertility based on age distribution of
deaths invariably differ from those obtained by other
indirect methods and, worse still, from those provided by
statistics based on direct observation in cases where
such statistics are reliable. We shall therefore disregard
the other graphs in which the age distribution of deaths
is combined with either the age distribution of the
population or the rate of natural variation, since they
are, for this reason, of limited value.

Does this mean that we must altogether abandon the
use of variations in the age distribution of recorded
deaths for measuring variations in mortality? Even if
the line AB in graph VILlO deviates from the constant
fertility curve corresponding to a gross reproduction
rate of 3.0, its direction is the same as that of the curve.
What is mainly at fault, therefore, is the line's position
in the graph. This being so, while we cannot hope to
measure the absolute level of mortality, have we at least
some hope of measuring its movement?

Graph VII. 10. Relationships between the age distribution of deaths
above the age of 5, the mortality level and the fertility level in the
network of intermediate model stable pop~~cm~

Gross
10 reproduction

rate

Proportion of deaths between the oges of 5 and 14
in thetatal number of deaths at the age of 5 and over (per cent)

20"y-----,-----r--,.----,----,---,---..,....---,-----,

15i+--+-;;-;;H-\-+-~...--+-__+--+_-+---+-___j

R' -f(C,r).

type. In the shaded area of graph VII.9 the gross
reproduction rate lies between 2.80 and 3.02 and the
expectation of life lies between 39 and 44.3 years. The
accuracy of the estimates obtained is almost as good as
in the case of graph VII.6.15

Graphs such as graph VII.7 must be used with care.
We have used it above to delimit values for the gross
reproduction rate. We might be tempted to perform the
operation in reverse, i.e., to delimit values for the rate of
natural variation from the age structure and the gross
reproduction rate. The precision of an estimate obtained
in this way would be very poor. If we retain, for example,
the rectangle already drawn as the area within which the
age structure varies and add that the gross reproduction
rate lies between 3.0 and 3.1, graph VII.7 shows that the
rate of natural variation then lies between 15 and 22 per
thousand.

Graphs like VII.7 somewhat resemble those chemical
reactions which occur in only one direction. Here, the
gross reproduction rate R' appears as a function of the
age structure C and of the rate of natural variation r.
If we write R' = f(C, r), there is nothing, in theory, to
prevent us from expressing r as a function of R' and C,
but as the estimate obtained for r is insufficiently precise,
we shall write, as with chemical reactions:

In graph VII.10, the horizontal axis represents the
proportion of deaths at the age of 60 and over in the
total number of deaths at the age of 5 and over and the
vertical axis represents the proportion of deaths between
the ages of 5 and 14 in the total number of deaths at the
age of 5 and over. In theory, these two characteristics
are sufficient to determine a stable population within the
network. However, it will be noticed that in the case of
low mortalities the curves of constant mortality are very
close together. We are almost in a situation in which the
network turns back on itself and in which the theory
stated above, namely, that any two characteristics are
sufficient to definea stable population within the network,
no longer holds true. In the case of medium and high
mortalities, however, the curves are spaced well apart,
and for such mortality values the use of graph VII.10
involves no risk of ambiguity.

We have plotted in graph VII.10 the line AB, using
the age-specific death statistics of China (Taiwan) 16

for 1950-1956. We are dealing here with a population

G. Age structure of deaths

11 In some cases, the loss of precision caused by leaving out one
variable may be much greater. If, for example, we used a graph
similar to graph VII.9 but showing on the horizontal axis the
proportion of the population over the age of 60, this would have
the effect of widening our limits to embrace the area represented
on graph VII.? by the shaded and dotted areas combined.

11 The population of Venezuela has not beenused as an example
here for two reasons: (0) Venezuelan death statistics are published
by age groups, from which it is not possible to calculate the propor
tion of deaths between the ages of 5 and 14 in the total number of
deaths; and (b) as the use of graph VII.lO almost always results
in estimates different from those obtained by using other graphs,
it appeared preferable to take a country from whose statistics the
levels of mortality and fertility could be definitely ascertained, so
that it might be possible to evaluate the usefulness of the graph.
China (Taiwan) partly fulfils these requirements. However, we shall
alwrtly revert to Venezuela.
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17 This is the value which our study of the age structure yielded.

TABLE VII.15. PROPORTION OF DEATHS OF 60 AND OVER IN TIlE TOTAL
NUMBER OF DEATHS OF 5 AND OVER IN TIlE NETWORK OF INTER
MEDIATE MODEL STABLE POPULATIONS

20 43.1 32.5 25.5 21.7 16.9 12.1
30 53.1 41.3 32.9 26.8 22.1 15.8
40 62.6 50.4 41.0 33.8 28.3 20.4
50 70.8 59.2 49.6 41.7 35.4 26.0
60.4 78.1 68.1 59.1 51.3 44.6 34.1
70.2 84.9 77.5 70.6 64.1 58.2 48.0

°2~O---:'30':--~'O---S:lo-O--...J60--......J70

Expectation of life at birth
for both sexes (in years)

Proportion of deaths at the age of 60 and over
9i; the total number of deaths at the age of 5 and over (per cent)

Graph VII.ll. Variations in age distribution of deaths in the network
of Intermediate model stable populations

37.0 years to 60.2 years, an increase of 23.2 years (points
A and B).

We have assumed a gross reproduction rate of 3.0,
but this is only an estimate. Let us suppose that the gross
reproduction rate is really 2.5, in which case, instead of
reading from the curve marked 3.0, we should read from
the curve marked 2.5. We should then find that from 1939
to 1960 the expectation of life at birth had risen from

4.03.02.52.0

Gross reproduction rate

1.5

Expectation of life at
birth for both sexes

(in years) 1.0

In table VII.15 we have computed for the thirty-six
populations of the network of intermediate model stable
populations the ratio of deaths of 60 and over to the total
number of deaths of 5 and over, and we have plotted
in graph VII. I I the variations in this ratio as a function
of mortality and fertility.

Let US take a quasi-stable population whose gross
reproduction rate has remained constant at a value
of 3.0. If the age distribution of deaths is known exactly,
the ratio of deaths of 60 and over to the total number
of deaths of 5 and over will trace the curve marked 3.0
on graph VII.1l.

Table VII.l6 contains the values for Venezuela from
1939 to 1960 of the ratio of deaths at the age of 60 and
over to the total number of deaths at the age of 5 and
over.

Let us assume that the age distribution of deaths is
known exactly and that fertility is such that the gross
reproduction rate equals 3.0,17 Reading from the curve
marked 3.0 on graph VII.ll, it is possible to find for
each ratio in table VII.16 a corresponding value for the
expectation of life at birth. Thus, we see that between
1939 and 1960 the expectation of life rose from

TABLE VlI.16. VARIATIONS IN THE PROPORTION OF RECORDED DEATHS AT TIlE AGE OF 60 AND OVER IN TIlE TOTAL NUMBER OF REGISTERED
DEATHS AT TIlE AGE OF 5 AND OVER IN VENEZUELA, 1939-1960

Year of registration

Age (in years) 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949

60 and over •.... 10320 9753 9785 10233 10979 12008 11613 11 056 11160 10845 10780
5 and over ..... 39227 36224 36495 37167 37998 40577 38266 36664 34946 33398 31570

Ratio of the two preceding
lines ....... 0.2631 0.2692 0.2681 0.2753 0.2889 0.2959 0.3035 0.3015 0.3193 0.3247 0.3415

Age (in years) 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

60 and over ..... 10465 11506 11639 11870 12375 13 022 13549 14124 13858 14558 13940
5 and over ..... 29752 30564 30195 29309 30460 31106 30693 33560 32603 33349 30854

Ratio of the two preceding
lines . . . . .....• 0.3517 0.3765 0.3855 0.4050 0.4063 0.4186 0.4414 0.4208 0.4251 0.4365 0.4518

Nm; from 1958 onwm-Q~, tbe figures are not strictly comparable with those for the years bQfQfCl19S1.
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Proportion of deaths at age Xand over
in the total number of deaths at the age of 5 and over (per cent)

Gra,ph vn.12. Variations in the age distribution of deaths in two
intermediate model stable populations corresponding to a gross
repr9Clg~on rate of 3.00 combined with various mortality levels

+10.1
+ 9.5
+ 8.5
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+ 6.5
+ 4.8

90 per cent of deaths
registered over the

age of59

-21.9
-20.4
-19.4
-17.8
-15.5
-12.3

60 per cent of deaths
registered over the

age of59

80 per cent of deaths registered between the ages
of5 and 59

Expectation of life
at birth for both
sexes (in years)

20
30
40
50
60.4.
70.2.

Differential effect of under-registration at
different ages on the proportion ofdeaths at
the age of 60 and over in the total number

ofdeaths at the age of5 and over (per cent)

this also tends to increase the proportion of deaths of
60 and over in the total number of deaths of 5 and over.

Ultimately, it is as though the group of deaths at 60
and over were really a group of deaths at some earlier
age-for example, at 55 and over. In graph VII.l2 we
have plotted, for a gross reproduction rate of 3.0,
the curve of variation in the proportion of deaths at
60 and over in the total number of deaths at 5 and over
(curve (a), similar to that in graph VILlI), and the curve:
of variation in the proportion of deaths at 55 and over
in the total number of deaths at 5 and over (curve (b)).

We assumed above, when estimating the variations
in the Venezuelan mortality rate, that the age distribution
of deaths was well known and we read the expectation
of life at birth from curve (a). If we assume that the age
distribution of deaths is not well known and that we are
really dealing with a group of deaths at 55 and over,
then we must read from curve (b). We then see from 1939
to 1960 the expectation of life at birth rose from 25.8
to 53.9 years, an increase of 28.1 (points A" and B").
Here, again, the increase is of the same order of magnitude
as in the other readings, but the level is very different.

Differences in under-registration at different ages are:
more difficult to evaluate. We can expect the proportion'
of deaths registered to vary in different socio-economic'
groups-urban and rural populations, highly educated
and comparatively uneducated people, migrants and
non-migrants, persons living in households and those
living in institutions, persons related to heads of house
holds and lodgers who are not part of the family and
so forth. These various groups do not have a common
age structure, and the differences in the completeness
of registration of deaths from group to group are
reflected in the total death statistics by variations in
the proportion of deaths registered at different ages.

Nevertheless, wherever a high proportion of the total
number of deaths is registered, such variations in
registration at different ages are unlikely to be of much
significance. For example, where 80 per cent of deaths
between the ages of 5 and 59 are registered, it can no
doubt be assumed, with little likelihood of error, that
the proportion of deaths above the age of 59 which are
registered is between 60 and 90 per cent. A differential
variation of that order would have the following effects
on the proportion of deaths at 60 and over in the total
number of deaths at 5 and over (assuming a gross
reproduction rate of 3.00):

50 60 70

Expectation of life at birth
for both sexes (in years)
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29.7 to 53.8. This would be an increase of 24.1 years
(points A' and B'), i.e., almost the same increase as in
the case of our last reading. On the other hand, the
mortality levels are not the same in the two readings.
Thus, ignorance of the true level of fertility affects the
measurement of the absolute level of mortality but has
practically no effect on the measurement of variations
in mortality.

It has thus far been assumed that the age distribution
of deaths was adequately known. This is notoriously
not the case. There are two main causes of error which
cause the ratio of deaths of 60 and over to the total
number of deaths of 5 and over to vary:

(a) Misreporting of age;

(b) Differences in under-registration at different ages.

Misreporting of age is of various kinds. First, there
are those who have forgotten their age or whose age is
stated by persons other than themselves. In these cases,
there is a tendency to round off ages and to express
them in multiples of 10 or, somewhat less often, in ages
ending with 5. The age of 60, in particular, is noteworthy,
and this tends to increase the ratio in question.

There are also persons who know their age but, for
various reasons, state that they are younger or older.
Old people who do this usually state a higher age, and

50

45

55

60
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TABLE VII.17. ESTIMATED VARIATIONS IN THE MORTAUTY OF THE
POPULATION OF VENEZUELA BETWEEN 1939 AND 1960 BASED ON
VARIOUS ASSUMPTIONS REGARDING THE DEGREE OF ERROR IN THE
REGISTRATION OF DEATHS

For expectations of life at birth ranging from 30 to
60years, such differentialunder-registration has the effect,
in one case, of reducing by about 20 per cent the pro
portion of deaths at 60 and over in the total number
of deaths at 5 and over and, in the other case, of
increasing it by about 9 per cent.

If Venezuela were in the first category, we should have
to increase the ratios given in table VII.16 by 20 per cent
and, using the increased ratios, read from the curve
marked 3.0 in graph VII.lI. In that case, between 1939
and 1960the expectation of life at birth would rise from
44.4 to 67.0 years, an increase of 22.6 years (points C
and D). If, on the other hand, Venezuela fell into the
second category, we should have to reduce the ratios
given in table VII.16 by 9 per cent and, using these
adjusted ratios, read from the same curve. It would then
be found that the expectation of life had increased
between 1939 and 1960 from 32.5 to 55.9 years, an
increase of 23.4 years (points E and F).

In every case that we have considered, the increase
has always been of the same order of magnitude and the

Expectation
of life at birth
for both sexes

(in years)

1939 1960

Increase in
expectation

of life
(difference

between
the two

preceding
columns)

Gross
reproduction

rate
on which

reading was Ratio on which reading
based was based

only variation has been in the level at which the increase
occurred. The results obtained in the various cases are
assembled in table VII.! 7.

Consequently, if the degree of error in the registration
of deaths remains more or less constant over the years,
the ratio of deaths at the age of 60 and over to the total
number of deaths at the age of 5 and over appears to
function as an index with the aid of which we can make
fairly reliable estimates of variations in the mortality,
at least where the proportion of deaths registered is
relatively high. It does not, however, enable us to estimate
the level at which these variations occur. In our last table
we found that increases of the same order of magnitude
occurred at levels varying by as much as 50 per cent.

The following is a summary of the method to be
followed in estimating variations in mortality over a
given period. We compute, for the beginning and the end
of the period, the ratio of deaths at 60 and over, or at
any other more suitable age, to the total number of
registered deaths at 5 and over. We then read the expecta
tion of life at birth which corresponds to these two
ratios on the curve in graph VILlI corresponding to an
approximate value of the gross reproduction rate. The
variation in expectation of life which is ascertained in
this way provides an estimate of the variation in mortality
over the period in question. Our last calculation showed
that we need not have a very exact estimate of the gross

TABLE VIL18. INCREASE IN EXPECTATION OF UFE AT BIRTH FOR BOTH
SEXES (INYEARS) BETWEEN 1940-1942AND 1958-1960IN SEVENTEEN
COUNTRIES

(Estimate based on age distribution ofdeaths)

Venezuela 21 Trinidad and Tobago 12
Panama. 19 Nicaragua. 11

37.0 60.2 23.2

13
.
00

60 and over, as observed Ceylon 18 Paraguay 10
44.4 67.0 22.6 60 and over, as observed, Honduras 10

increased by 20 per cent EI Salvador 15 Guatemala. 10
32.5 55.9 23.4 60 and over, as observed, China (Taiwan) . 15 Colombia 9

reduced by 9 per cent Dominican Republic 14 Thailand. 8
25.8 53.9 28.1 55 and over, as observed Mexico 13 India 8
29.7 53.8 24.1 2.50 60 and over, as observed Chile 13 Philippines. 7

TABLE VII.l9. EsTIMATED AVERAGE ANNUAL DEATH RATES AT THE AGE OF 9.5 AND OVER IN VENEZUELA
BETWEEN THE 1941 AND THE 1950 CENSUSES

I. Census of 1941

Combined total of
Indians in the

Age group Total Non-alien Indians jungle and
(years) population Aliens population in the jungle non-alien population

0-4 .... 579032 1290 577742 15283 593025
5 and over. 3271739 46414 3225325 85317 3310642

All ages .. 3850771 47704 3803067 100000 3903667

II. Census of 1950

Non-alien Combined total of
population Indians in the

Age group Total born in Indians jungle and
(years) population Venezuela in the jungle non-alienpopulation

0-13 ... 2013055 1985328 23327 2008655
14 and over 3021783 2840 779 33378 2874157

All ages •. 5034838 4826107 56705 4882812
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TABLE VII.20. DEATH RATES (PER THOUSAND) ABOVE THE AGES
INDICATED FOR VARIOUS FERTILITY AND MORTALITY LEVELS IN THE
NETWORK OF INTERMEDIATE MODEL STABLE POPULATIONS

Gross reproduction rate: 4.0
o and over. 53.0 35.3 24.1 16.2 9.4 4.1
1 and over. 34.3 21.8 14.3 9.3 5.5 3.8
5 and over. 26.3 17.2 11.5 7.7 4.9 3.0

10 and over. 27.8 18.6 12.7 8.7 5.7 3.6
15 and over. 31.2 21.4 14.8 10.3 6.9 4.5
20 and over. 35.2 24.3 17.0 12.0 8.2 5.6
25 and over. 39.6 27.3 19.2 13.7 9.7 7.0

reproduction rate in order to choose the curve on which
the reading is to be made. We have applied this method
to the seventeen countries in table VII.18. In order to
be sure that we were justified in assimilating the popula
tions of all these countries during the period in question
to the developments of quasi-stable populations, it
would have been necessary, strictly speaking, to study
the variations in their age structures. No such study
has yet been made, and it may be debatable whether,

Expectation of life at birth (in years)

TABLE VII.21. DEATH RATES (PER THOUSAND) AT THE AGE OF 9.5
AND OVER IN THE NETWORK OF INTERMEDIATE MODEL STABLB
POPULATIONS

in some cases, these populations can be assimilated to
quasi-stable populations. However, this can only appyl
in particular cases, and what we know in other respects
of the demographic situation of the countries in
table VII.l8 justifies our assimilating their populations
to quasi-stable populations. We have estimated the
gain in expectation of life between the two periods
1940-1942 and 1958-1960, classifying the countries in
diminishing order of gain. There was an interval of
eighteen years between the two periods. If the mortality
rate of these countries had fallen at the same speed as
that recorded in Europe between the two world wars,
we could have expected to find an increase in expectation
of life of about 9 years. This is roughly true in the case
of the last nine countries in the table. In the case of the
first three countries in the table, the decline in mortality
appears to have been twice as rapid as that which
occurred in Europe between the two wars. The decline
in the five remaining countries was about one and a
half times as rapid.

Expectation of life at birth for both sexes
(in years)

50 60.4 70.2403020Age (in years)

Gross reproduction rate: 3.0
o and over. 50.2 33.7 23.3 15.8 9.6
1 and over. 35.3 22.9 15.4 10.3 6.5
5 and over. 29.3 19.6 13.4 9.2 6.2

10 and over. 30.9 21.1 14.8 10.3 7.1
15 and over. 34.3 23.8 16.9 12.0 8.4
20 and over. 38.2 26.7 19.2 13.8 9.9
25 and over. 42.5 29.8 21.4 15.6 11.5

4.8
2.8
4.1
4.9
5.9
7.2
8.7

Gross reproduction rate 20 30 40 50

4.0 27.6 18.5 12.6 8.6
3.0 30.7 20.9 14.7 10.2
2.5 33.1 22.8 16.3 11.6
2.0 36.4 25.7 18.6 13.8
1.5 41.5 30.0 22.6 17.3
1.0 50.3 37.8 30.0 24.3

60.4 70.2

5.6 3.5
7.0 4.8
8.3 5.9

10.1 7.6
13.4 10.6
19.8 16.7

18 Figure corrected to take account of Indians in the jungle.

H. Direct estimate of mortality by comparison of two
censuses

TABLE VII.22. EsTIMATED EXPECTATION OF LIFE AT BIRTH FOR BOTH
SEXES ACCORDING TO THE AVERAGE CRUDE DEATH RATE AT THE AGE
OF 9.5 AND OVER IN VENEZUELA BETWEEN 1941 AND 1950

We referred above to the method of determining the
level of mortality by comparing the total numbers of
persons in corresponding age groups, sometimes called
generations, at different censuses. We shall attempt to
show here how the network of intermediate model
stable populations can be used when applying this
method of comparison between generations by comparing
total numbers above certain ages. We shall demonstrate
the method, using Venezuela as an example. The data
needed for the calculation are given in table VII.l9.

In 1941, the non-alien population aged 5 and over
numbered 3,310,642.18 Nine years later, in 1950, the
survivors of that population were aged 14 and over.
In 1950, the total number of persons aged 14 and over
who had been born in Venezuela was 2,874,157.18 The

4.0 3.0 2.5 2.0
35.3 38.9 41.9 46.7

Gross reproduction rate . . .
Expectation of life (in years) .

5.5
4.7
5.1
6.0
7.1
8.4

10.0

6.8
6.2
6.7
7.7
8.9

10.3
12.0

15.1
14.9
15.6
16.8
18.1
19.6
21.4

9.4
9.0
9.6

10.7
12.0
13.5
15.3

10.1
7.5
7.3
8.4
9.3

11.3
13.0

19.0
18.2
18.7
19.9
21.3
22.9
24.8

11.1
9.0
9.1

10.2
11.7
13.3
15.1

13.5
12.0
12.4
13.5
15.0
16.7
18.6

30.9 24.3
28.7 22.8
28.7 23.1
30.1 24.4
31.9 25.9
33.9 27.7
36.2 29.7

23.2 16.0
16.5 11.3
15.0 10.5
16.4 11.7
18.5 13.4
20.8 15.3
23.1 17.2

25.6 18.8
21.7 16.1
21.3 16.1
22.8 17.4
24.8 19.1
27.0 21.0
29.4 23.1

23.7 16.8
18.3 13.0
17.3 12.6
18.8 13.9
20.9 15.6
23.2 17.5
35.5 19.6

Gross reproduction rate: 2.5
o and over. 49.1 33.2
1 and over. 36.5 24.1
5 and over. 31.5 21.4

10 and over. 33.3 23.0
15 and over. 36.5 25.6
20 and over. 40.3 28.5
25 and over. 44.5 31.5

Gross reproduction rate: 2.0
o and over. 48.6 33.6
1 and over. 38.5 26.2
5 and over. 34.8 24.3

10 and over. 36.6 25.9
15 and over. 39.7 28.5
20 and over. 43.2 31.3
25 and over. 47.3 34.4

Gross reproduction rate: 1.0
o and over. 54.4 39.0
1 and over. 50.2 36.0
5 and over. 49.0 36.5

10 and over. 50.5 37.9
15 and over. 52.9 40.0
20 and over. 55.7 42.4
25 and over. 59.1 45.1

Gross reproduction rate: 1.5
o and over. 49.7 35.0
1 and over. 42.7 29.7
5 and over. 40.0 28.6

10 and over. 41.7 30.2
15 and over. 44.5 32.6
20 and over. 47.9 35.3
25 and over. 51.7 38.2
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Graph VII.13. Relationships between age distribution of deaths,
stable birth rate, expectation of life at birth and gross reproduction
rate in the network of intermediate model stable populations

18 It must also be borne in mind that, in addition, the methods
indicated in chapters II and IV can be used in many cases and that
those methods do not generally assume that the mortality of the
populations in question conforms to the pattern of any model
life tables.
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birth rate and the expectation of life at birth from the
crude death rate.

3. Variations in mortality have little influence on the
age structure of the intermediate model stable popula
tions, whereas variations in fertility have a great deal
of influence. It follows that the inexactitude of observed
age structures has little effect on estimates of fertility
based on the age structure, but makes estimates of the
level of mortality extremely uncertain.

4. In order to estimate mortality, other data in addition
to the age structure are needed. Knowledge of the rate
of natural variation appears most useful in this
connexion.

5. Age distribution of deaths is, in general, too
imperfectly known to be of use in determining the level
of mortality and fertility. It can, however, be used to
estimate variations in mortality wherever a relatively
high proportion of deaths are registered.

6. Finally, it must be constantly borne in mind that
the applications given in chapter IV rest on the assumption
that the mortality of the populations in question conforms
to the pattern of the intermediate model life tables.l"
or, at least, scarcely deviates from it. Since that
assumption is difficult to verify, owing to the defective
demographic statistics of the countries to which the
methods in question are applied, it is essential to consider
what effect it had on our estimates of mortality and
fertility. This will be done in chapter VIII.

I. Conclusion

The above examples have been given solely by way of
illustration. It would not be difficult to imagine other
applications of the network of intermediate model stable
populations. Let us now summarize the principal findings.

1. Generally speaking, any two characteristics will
determine without any ambiguity a population within
the network of intermediate model stable populations.
This property, on which all the practical applications
are based, is true only as a general rule and must be
verified on each occasion. We have already encountered
one case where it was not easy to apply (graph VII.10).
Here is one case in which the networks of curves turn
back on themselves (graph VII.3). The property in
question no longer holds good in the area where over
lapping occurs.

2. Within a fairly wide field of variations in the fertility
and mortality of the intermediate model stable popula
tions, there is an almost fixed relation between the crude
birth rate and the gross reproduction rate and a fixed
relation between the crude death rate and the expectation
of life at birth. With the use of these relations it is
possible, by simply reading from a table or graph, to
compute the gross reproduction rate from the crude

differenceof 436,485represents approximately the number

(
5 + 14)of deaths at the age of 9.5 years and over 9.5 = -2-'

which occurred between the two censuses among the
population born in Venezuela. Between 1941 and 1950
the total number of persons aged 9.5 years and over
averaged 3,092,400.

Between 1941 and 1950, therefore, the average crude
annual death rate at 9.5 years and over was 15.7 per
thousand.

Table VII.20 gives the crude death rate above various
ages in the network of intermediate model stable
populations. By interpolation, it is possible to determine
the crude death rate at 9.5 years and over in that network
(table VII.21). A knowledge of the crude death rate at
9.5 years and over is clearly not sufficient to determine
the level of mortality. For each gross reproduction rate
there is a value of the expectation of life corresponding
to a given value of the crude death rate at 9.5 years and
over, and these expectations of life are all different.
In the case of Venezuela, for example, we have the
estimates given in table VII.22. It is therefore necessary
to know the fertility rate in order to establish the level
of mortality. However, this difficulty should not be
exaggerated. Table VII.22 shows that an approximate
value for the fertility rate is enough to establish the
expectation of life to within a few years. In the case of
Venezuela, for example, if the gross reproduction rate
is known to lie between 2.8 and 3.2, the expectation of
life will lie between 38.2 and 40.I years.
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