
Chapter vm
DEVIATING NETWORKS OF MODEL STABLE POPULATIONS

Expectation of life at birth

TABLE VIII.1. LEVELS OF MORTALITY AND EXPECTATION OF LIFE AT
BIRTH FOR BOTH SEXES (IN YEARS) USED IN THE THREE NETWORKS
OF STABLE POPULATIONS

(0) The mortality levels are numbered as in the series of model life
tables published in the appendix to Manual III; Methods for Population
Projections by Sex and Age (United Nations publication, Sales No.:
56.xm.3).

O. 20 Not computed Not computed
20. 30 17.0 41.9
40. 40 28.9 50.8
60. 50 41.0 60.4
80. 60.4 52.6 66.9

100 . 70.2 63.9 73.6
115. 73.0 70.0 76.1

Downward
deviating
network

Upward
deviating
network

Level Intermediate
of mortality (0) network

B. Summary comparison of the three networks

The three networks can be quickly compared with the
help of tables VIIL6, VIII.7 and VIII.8.

Table VIII.6 relates to population structure by broad
age groups. It will be seen at once that a given pair of
values for expectation of life at birth and gross repro
duction rate produces very similar age structures in all
three networks. This is particularly true of the proportion
of children (aged 0-14). More distinct differences between
the networks are seen in the proportion of old people
(60 and over), especially in the case of high mortalities
(expectation of life at birth of 40 years and under).

Table VIII.7 compares the stable birth rates, stable
death rates and intrinsic rates of natural variation. Here
again, the rates for corresponding populations are close
to each other in the three networks.

Table VIIL8 deals with the structure of deaths by
broad age groups. This time, the structure is no longer
the same in the three networks, as might have been

in tables VIIL2 and VIII.3, the principal characteristics
of the two networks.

Only five levels-20, 40, 60, 80 and lOO-are common
to the three networks. However, what we are really
trying to estimate here is not mortality level, but expec
tation of life at birth, and it becomes an easy matter to
determine in the two deviating networks the character
istics of populations corresponding to the life expectancy
values of the intermediate network. The results of this
interpolation are shown in tables VIllA and VIILS.
With the help of these tables it is possible to compare
the two deviating networks directly with the intermediate
network and to construct graphs directly comparable
with the graphs in chapter VII.

A. Definition of deviating networks

1 As explained in annex II, all the life tables having the same
female mortality between the ages of 5 and 34 have been defined
as belonging to the same mortality level.

As was stated in the preceding chapter, the assumption
that mortality varies in conformity with the intermediate
model life tables is constantly present in all the develop
ments covered by chapter VII. However, when trying to
estimate the mortality of a population, as was done in
the case of the population of Venezuela, one does not
know whether or not that mortality lies within the
universe of the intermediate model life tables. It therefore
becomes necessary to examine the effects of the above
assumption on the estimates made in chapter VII. For
that purpose, the questions dealt with in chapter VII
will be reconsidered, using the networks of stable
populations which deviate in relation to the intermediate
network.

Chapter I and annex II explain how a study of variations
of mortality in space and time makes it possible to asso
ciate each intermediate model mortality level with
upward-deviating and downward-deviating model mor
talities between which mortalities of the same level are
situated.' These deviating model mortalities can therefore
be used to trace a network of upward-deviating model
stable populations and a network of downward-deviating
model stable populations. Practically all observable
stable populations will come between these two extreme
networks. To construct the network of intermediate
model stable populations, six levels of mortality were
used, numbered respectively 0, 20, 40, 60, 80 and 100,
corresponding to the expectations of life at birth for the
two sexes indicated in the second column of table VIlLI.

Level0, which relates to very exceptional circumstances,
has been omitted in the case of the upward-deviating and
downward-deviating networks; since mortalities at this
level are very high, the very notion of deviation loses
its meaning. On the other hand, it has been considered
necessary to add level 115, which is now being reached
by more and more countries. Six mortality levels-20,
40, 60, 80, 100 and US-have thus been used for the
two deviating networks and the corresponding expec
tations of life at birth for both sexes are given in the
third and fourth columns of table VIlLI. These six
deviating levels of mortality have been associated with
three simplified model levels of fertility corresponding
to the three gross reproduction rates of2.00, 3.00and 4.00.
In this way, we have computed a network of eighteen
upward-deviating model stable populations and a network
of eighteendownward-deviating model stable populations.
The detailed results of the computations are given in
appendix IV. Here we shall limit ourselves to indicating,

99



TABLE VIll.2. PRINCIPAL CHARACTERISTICS OF TIlE UPWARD-DEVIATING NETWORK OF STABLE POPULATIONS

Distribution 0/ population I Distribution 0/ deaths at
by age groups 5 years and over by age groups

(in percentages) Stable rates per 1 000 (in percentages)

Expectation
o/li/e at Intrinsic

Gross birth/or rate 0/
reproduction Mortality both sexes Under 15-59 60 years Birth Death natural 5·14 15·59 60 years

rate level (in years) 15 years years and over rate rate variation years years and over

4 20 16.97 38.4 56.6 5.0 66.3 61.6 4.7 10.4 64.8 24.8
3 31.3 61.0 7.7 50.2 56.1 - 5.9 7.2 60.5 32.3
2 21.8 64.9 13.3 31.6 52.2 -20.6 3.9 52.5 43.6

4 40 28.85 46.3 50.7 3.0 62.6 38.8 23.8 13.6 65.2 21.2
3 39.3 55.9 4.8 49.5 36.1 14.4 9.6 62.0 28.4
2 29.3 61.9 8.8 33.3 34.7 -1.4 5.4 54.9 39.7

4 60 41.03 50.3 47.3 2.4 59.1 23.6 35.5 13.6 63.1 23.3
3 43.5 52.6 3.9 47.5 22.5 25.0 9.5 59.7 30.8
2 33.4 59.2 7.3 33.0 22.7 10.3 5.3 52.1 42.6

4 80 52.60 52.5 45.3 2.2 56.1 13.6 42.5 n.7 58.4 29.9
3 45.7 50.6 3.7 45.5 13.5 32.0 7.9 53.6 38.5
2 35.6 57.3 7.1 32.0 14.7 17.3 4.1 45.0 50.9

4 100 63.86 53.7 44.0 2.3 54.0 6.8 47.2 7.3 48.5 44.2
3 46.9 49.3 3.8 44.0 7.2 36.8 4.6 41.2 53.3
2 36.7 55.9 7.4 31.0 9.0 22.0 2.2 32.9 64.9

4 115 69.95 54.1 43.4 2.5 53.1 4.2 48.9 5.1 40.7 54.2
3 47.2 48.6 4.2 43.2 4.8 38.4 3.0 33.9 63.1
2 36.9 54.9 8.2 30.4 6.8 23.6 1.3 25.1 73.6

TABLE VIII.3. PRINCIPAL CHARAC1'ERISTICS OF TIlE DOWNWARD-DEVIATING NETWORK OF STABLE POPULATIONS

Distribution 0/population Distribution 0/ deaths at
by age groups 5 years and over by age groups

(in percentages) Stable rates per 1 000 (in percentages)

Expectation
of life at Intrinsic

Gross birth/or rate 0/
reproduction Mortality both sexes Under 15-59 60 years Birth Death natural 5-14 15-59 60 years

rate level (in years) 15 years years and over rate rate variation years years and over

4 20 41.89 51.2 45.7 3.1 53.9 21.2 32.7 25.0 58.6 16.4
3 44.4 50.6 5.1 43.2 20.9 22.3 19.0 56.7 24.3
2 33.8 56.6 9.6 29.9 22.4 7.5 11.6 50.1 38.3

-
4 40 50.53 52.7 44.6 2.7 53.7 14.5 39.2 23.4 57.6 19.0
3 .. . 45.8 49.7 4.5 43.5 14.7 28.8 17.5 54.8 27.7
2 • . 35.4 55.7 8.9 30.3 16.3 14.0 10.3 47.2 42.5

4 • 60 60.41 53.2 44.0 2.8 52.9 9.1 43.8 21.2 52.7 26.1
3 46.2 49.1 4.7 42.8 9.5 33.3 15.0 48.3 36.7
2 35.7 35.1 9.2 29.9 11.3 18.6 8.2 38.8 53.0

4 · 80 66.90 53.9 43.4 2.7 52.6 5.7 46.9 16.4 49.0 34.6
3 . 47.0 48.5 4.5 42.8 6.3 36.5 11.0 43.1 45.9
2. 36.5 54.7 8.8 30.0 8.2 21.8 5.5 33.1 61.4

4 • · . 100 73.61 54.2 43.1 2.7 52.2 3.1 49.1 9.6 39.1 51.3
3 . 47.2 48.1 4.6 42.4 3.8 38.6 5.8 32.0 62.2
2 • 36.7 54.2 9.1 29.7 5.8 23.9 2.6 22.5 74.9

4 . 115 76.07 54.2 43.0 2.8 52.0 2.2 49.8 5.4 32.3 62.3
3 47.3 48.0 4.7 42.3 3.0 39.3 3.1 25.4 71.5
2 · . 36.8 54.0 9.2 29.6 5.0 24.6 1.3 17.4 81.3
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TABLE vm.4. PRINCIPAL CHARACTERISTICS (a) OF THE UPWARD-DEVIATING NETWORK OF STABLE POPULATIONS

Distribution ofpopulation Distribution ofdeaths at
by broad age groups 5 years and over by broad

(in percentages) Stable rates per 1 000 age groups (in percentages)

Expectation
Gross of life at Intrinsic
repro- birth for rate of
duction both sexes Under 15-59 60 years Birth Death natural 5-14 15-59 60 years

rate (in years) 15 years years and over rate rate variation years years and over

4. 30 46.8 50.3 2.9 62.3 37.4 24.9 13.7 65.1 21.2
3 . 39.9 55.4 4.7 49.0 34.7 14.3 9.8 61.8 28.4
2. 29.8 61.6 8.6 33.4 33.3 0.1 5.5 54.7 39.8

4. 40 50.0 47.6 2.4 59.3 24.5 34.8 13.8 63.3 22.9
3 . 43.3 52.8 3.9 47.7 23.5 24.2 9.5 60.0 30.5
2. 33.2 59.5 7.3 33.1 23.5 9.6 5.4 52.5 42.1

-
4. 50 52.3 45.5 2.2 56.7 16.0 40.7 12.2 59.7 28.1
3 . 45.2 51.1 3.7 45.9 15.6 30.3 8.3 55.1 36.6
2. 35.2 57.7 7.1 32.4 16.4 16.0 4.4 46.8 48.8

4. 60.4 53.5 44.3 2.2 54.7 9.7 46.0 8.9 52.3 38.8
3 . 46.7 49.5 3.8 44.4 9.0 35.4 5.8 45.7 48.5
2. 36.8 56.0 7.2 31.3 10.6 20.7 2.8 37.0 60.2

4. 70.2 54.2 43.2 2.6 53.0 4.0 49.0 5.0 40.4 54.6
3 . 47.4 48.4 4.2 44.2 4.6 39.6 2.9 33.9 63.2
2. 37.0 54.7 8.3 30.3 6.8 23.5 1.3 24.9 73.8

(a) Characteristics obtained by interpolation of figures in table VIII.2 for expectations of life at birth of the intermediate network.

TABLE VIII.5. PRINCIPAL CHARACI'ERISTICS (a) OF 'IHE DOWNWARD-DEVIATING NElWORK OF STABLE POPULATIONS

Distribution ofpopulation Distribution ofdeaths at
by broad age groups 5 years and over by broad

(in percentages) Stable rates per 1 000 age groups (in percentages)

Expectation
Gross of life at Intrinsic
repro- birth for rate of
duction both sexes Under 15·59 60 years Birth Death natural 5-14 15-59 60 years

rate (in years) 15 years years and over rate rate variation years years and over

4. 30 47.5 (b) 48.5 (b) 4.0 (b) 55.0 (b) 34.0 (b) 21.0 26.0 (b) 58.8 (b) 15.2 (b)
3. 40.2 (b) 53.4 (b) 6.4 (b) 43.6 (b) 35.0 (b) 8.6 20.0 (b) 59.2 (b) 20.8 (b)
2. 31.2 (b) 57.2 (b) 11.6 (b) 29.9 (b) 35.5 (b) -5.6 12.0 (b) 53.0 (b) 35.0 (b)

4. 40 50.4 46.4 3.2 53.9 23.1 30.8 25.2 58.7 16.1
3 . 43.6 51.2 5.2 43.2 23.4 19.8 19.0 57.3 23.7
2. 33.4 56.7 9.9 29.9 24.6 5.3 11.9 50.4 37.7

4. 50 52.6 44.6 2.8 53.6 14.7 38.9 23.S 57.7 28.8
3. 45.8 49.6 4.6 43.4 15.0 28.4 17.6 55.0 27.4
2. 35.4 55.7 8.9 30.2 16.6 13.6 10.4 47.5 42.1

4. 60.4 53.2 44.0 2.8 52.9 9.1 43.8 21.2 52.7 26.1
3. 46.2 49.1 4.7 42.8 9.5 33.3 15.0 48.3 36.7
2. 35.7 55.2 9.1 29.9 11.3 18.6 8.2 38.8 53.0

4. 70.2 54.2 43.1 2.7 52.4 4.3 48.1 13.4 45.8 40.8
3 . 47.4 48.1 4.5 42.6 4.8 37.8 8.6 39.2 52.2
2. 36.6 54.5 8.9 29.8 6.7 23.1 4.3 27.9 67.8

(a) Characteristics obtained by interpolation of figures in table VIII.3 for expectations of life at birth of the intermediate network.
(1') Estimates obtained by extrapolation.

101



TABLE VIII.6. CoMPARISON OF s'tRiJcrlJRES BY DaOAt> AGE Gaoups iN THE THaEE NETWoRtcS

Distribution ofpopulation by broad age groups (in percentages)

0-]4 years 15-59 years 60 years and over
Expectation
of life at

Upward- Downward- Inter- Upward- Downward-birth for Gross Inter- Upward- Downward- Inter-
both sexes reproduction mediate deviating deviating mediate deviating deviating mediate deviating deviating
(in years) rate network network network network network network network network network

30 4.00 48.2 46.8 47.5 (a) 49.2 50.3 48.5 (a) 2.6 2.9 4.0(a)
40 50.0 50.0 50.4 47.3 47.6 46.4 2.7 2.4 3.2
50 51.5 52.3 52.6 45.8 45.5 44.6 2.7 2.2 2.8
60.4. 52.8 53.5 53.2 44.4 44.3 44.0 2.7 2.2 2.8
70.2. 54.1 54.2 54.2 43.3 43.2 43.1 2.6 2.6 2.7

30 3.00 41.3 39.9 40.2 (a) 54.5 55.4 53.4 (a) 4.1 4.7 6.4 (a)
40 43.1 43.3 43.6 52.5 52.8 51.2 4.4 3.9 5.2
50 44.6 45.2 45.8 50.9 51.1 49.6 4.5 3.7 4.6
60.4. 46.0 46.7 46.2 49.6 49.5 49.1 4.4 3.8 4.7
70.2. 47.3 47.4 47.4 48.4 48.4 48.1 4.3 4.2 4.S

30 2.00 31.4 29.8 31.2 (a) 60.9 61.6 57.2 (a) 7.7 8.6 11.6 (a)
40 32.9 33.2 33.4 58.8 59.5 56.7 8.3 7.3 9.9
50 34.2 35.2 35.4 57.2 57.7 55.8 8.6 7.1 8.8
60.4 . 35.6 36.8 35.7 55.8 56.0 55.2 8.6 7.2 9.1
70.2. 36.8 37.0 36.0 54.7 54.7 54.5 8.5 8.3 8.9

I
Ca) Estimate obtained by extrapolation.

TABLE VIII.7. COMPARISON OF STABLE BIRTH RATES, STABLE DEATH aATES AND INTRINSIC RATES OF NATURAl. VARtATioN IN THE THREE NETWORKS

Stable birth rate Stable death rate Intrinsic rate of naturisrJ
(per thousand) (per thousand) variation (per thousand)

Expectation
of life at
birth for Gross Inter- Upward- Downward- Inter- Upward- Downward- Inter- Upward Downward-

both sexes reproduction mediate deviating deviating mediate deviating deviating mediate deviating deviating
(in years) rate network network network network network network network network network

30 4.00 59.8 62.3 55.0 (a) 35.3 37.4 34.0 (a) 24.5 24.9 21.0
40 57.3 59.3 53.9 24.1 24.5 23.1 33.2 34.8 30.8
50 55.7 56.7 53.6 16.2 16.0 14.7 39.5 40.7 38.9
60.4 . 54.1 54.7 52.9 9.4 9.7 9.1 44.7 46.0 43.8
70.2. 52.7 53.0 52.4 4.1 4.0 4.3 48.6 49.0 48.1

30 3.00 47.7 49.0 43.6 (a) 33.7 34.7 35.0 (a) 14.0 14.3 8.6
40 46.0 47.7 43.2 23.3 23.5 23.4 22.7 24.2 19.8
50 44.9 45.9 43.4 15.8 15.6 15.0 29.1 30.3 28.4
60.4. 43.8 44.4 42.8 9.6 9.0 9'5 34.2 35.4 33.3
70.2. 42.9 44.2 42.6 4.8 4.6 4.8 38.1 39.6 37.8

30 2.00 32.7 33.4 29.9 (a) 36.6 33.3 35.5 (a) -3.9 0.1 -5.6
40 31.7 33.1 29.9 23.7 23.5 24.6 8.0 9.6 5.3
50 31.1 32.4 30.2 16.8 16.4 16.6 14.3 16.0 13.6
60.4 . 30.6 31.3 29.9 11.1 10.6 11.3 19.5 20.7 18.6
70.2. 30.1 30.3 29.2 6.8 6.8 6.7 23.3 23.5 23.1

(al Estimate obtained by extrapolation.
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TABLE VIII.8. COMPARISON OF STRUCTURES, BY BROAD AGE GROUPS, OF DEATHS AT 5 YEARS AND OVER IN THE THRllE NETWOlUCS

Deaths between 5 and 14 years as percentages Deaths at 60 years and over as percentages
ofall deaths at 5 years and over ofall deaths at 5 years and over

Expectation
oflife at birth Gross Inter- Upward- Downward- Inter- Upward- Downward-
for both sexes reproduction mediate deviating deviating mediate deviating deviating

(in years) rate network network network network network network

30 4.00 19.5 13.7 26.0 (a) 25.8 21.2 15.2 (a)
40 18.8 13.8 25.2 20.4 22.9 16.1
50 17.5 12.2 23.5 26.0 28.1 18.8
60.4 14.8 8.9 21.2 34.1 38.8 26.1
70.2 9.2 5.0 13.4 48.0 54.6 40.8

-
30 3.00 14.5 9.8 20.0 (a) 22.1 28.4 20.8 (a)
40 13.6 9.5 19.0 28.3 30.5 23.7
50 12.3 8.3 17.6 35.4 36.6 27.4
60.4 9.9 5.8 15.0 44.6 48.5 36.7
70.2 5.7 2.9 8.6 58.2 63.2 52.2

30 2.00 8.7 5.5 12.0 (a) 32.9 39.8 35.0 (a)
40 7.9 5.4 11.9 41.0 42.1 37.7
50 6.7 4.4 10.4 49.6 48.8 42.1
60.4 5.0 2.8 8.2 59.1 60.2 53.0
70.2 2.6 1.3 4.3 70.6 73.8 67.8

(a) Estimate obtained by extrapolation.

expected. At a given age, intermediate, upward-deviating
and downward-deviating mortalities do not, by defini
tion, have the same effects. These different effects upon
the age structures necessarily produce different age
structures of deaths.

The similarity of age structures and the similarity of
stable death rates, stable birth rates and intrinsic rates
of natural variation for corresponding populations
in the three networks, indicates that the results obtained
in the precedingchapter with the use of these demographic
characteristics will not be radically affected. On the other
hand, we may expect to have to make more extensive
adjustments in the results obtained with the use of age
structures of deaths.

C. Relations among gross reproduction rate, expectation
of life at birth, stable birth rate and stable death rate

Graph VIILl is similar to graph VII.I. The stable
death rates for the series of stable populations of the
three networks are represented by the horizontal axis
and the stable birth rates by the vertical axis. The graph
thus contains thirty-six points for the intermediate
network and eighteen points for each of the two deviating
networks. Constant life expectancy curves and constant
gross reproduction rate curves were drawn, producing
very similar graphs for the three networks.

1. As in the case of the intermediate model stable
populations, the networks of constant fertility and
constant mortality curves in the upward-deviating and
the downward-deviating model stable populations repre
sented in graph VIII.l do not overlap. Each pair of values
for stable birth rate and stable death rate is associated
with a single pair of values for expectation of life at birth
and gross reproduction rate. As in the case of the
intermediate networks, this is a particular property of
general characteristics of deviating networks. In general,
any two characteristics of an upward-deviating or)

downward-deviating) stable population determine,
without any ambiguity, one stable population in the
upward-deviating (or downward-deviating) network. Here
again, it must be emphasized that this is true only
in general, for there are cases in which the networks of
curves overlap.

2. In graph VIILl, the curves of constant expectation
of life are almost vertical for the average and high
fertilities both in the two deviating networks and in the
intermediate network. In each of the networks, therefore,
the stable death rate is a good index of mortality. What
is more, for a given expectation of life, the curves of
constant expectation of life are close together in the three
networks and therefore the stable death rate is a good
index of mortality not only in each network, but also
in all three networks. Table VIII.9 and graph VIII.2
illustrate this. Table VIII.9 reproduces, for intermediate
model stable populations, the stable death rates in the
area where there is practically a direct relationship
between expectation of life at birth and stable death rate
(the figures underlined in table VIlA). For the two
deviating networks, the corresponding death rates have
been given and the same averages have been calculated
as for the intermediate network. The three curves I
in graph VIII.2 correspond to these averages. It will
be seen that these three curves are very close to one
another and one may feel that one need simply use the
general average, which is practically identical with the
average of the intermediate network. In other words,
curve I in graph VIII,2, which belongs to the intermediate
model stable populations, is found to be equally applicable
to the other two stable populations.

3. Graph VIII.1 shows that in all three networks the
curves of constant gross reproduction rate do not deviate
much from the horizontal, and in each network, at least
in a certain area, there is practically a direct relationship
between the gross reproduction rate and the stable birth
rate. It will be noted, however, that for a given gross
reproduction rate the constant gross reproduction rate
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Graph vm.l. Relations among stable death rate, stable birth rate,
intrinsic rate of natural variation, gross reproduction rate, and
expectation of life at birth in the three networks of model stable
populations
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Graph VIII.2. Approximate relations in the three networks of model stable populations between: (I) 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 birth for both sexes
(in years)

TABLE Vm.9. STABLE DEATH RATE tN MODEL StABUl POPULATIONS

(Per thousand)

II. Upward-deviating model stable populations

4.0 55.6 37.4 24.8 16.0 9.9 4.0- - - - - -
3.0 50.4 34.9 23.6 15.6 9.2 4.6- - - - - -
2.0 47.1 33.5 23.7 16.4 10.8 6.8

Average of under-
lined rates 53.0 35.3 24.0 16.0 10.0 4.3

1. Intermediate model stable populations

4.0 53.0 35.3 24.1 16.2 9.4 4.1- - - - - -
3.0 50.2 33.7 23.3 15.8 9.6 4.8- - - - - -
2.0 48.6 33.6 23.7 16.8 11.1 6.8

Average of under-
lined rates 51.6 34.2 23.7 16.3 9.7 4.5

constant fertility. In all three networks, the extreme
curves of constant mortality enclose a rather narrow
band elongated in the direction of both axes. Moreover,
the curves of constant expectation of life are almost
vertical, at least for expectations of life at birth of more
than 30 years. It follows that, for expectations of life
of more than 30 years, the age structure of populations
in all three networks is not greatly affected by variations
in mortality. This characteristic had already been noted
in the case of the intermediate network. It is also a
characteristic of the two deviating networks. What is
more, for any given pair of values of life expectancy at
birth and gross reproduction rate, the age structure is
almost the same in all three networks, as can be seen
from table VIII.6. One exception must be pointed out,
however; in the case of high mortality there are propor
tions of persons aged 60 and over which vary considerably
from network to network.

Once the "universes" of upward-deviating and down
ward-deviating model life tables have been defined, it
is obviously possible to speak of upward-deviating and
downward-deviating quasi-stable populations. An
upward-deviating quasi-stable population, for example,
will be one in which fertility is constant and mortality
varies while remaining within the universe of the upward
deviating model life tables. It will be remembered that
the basic characteristic of intermediate quasi-stable

60.4 70.2504030
Gross reproduction

rate 20

III. Downward-deviating model stable populations

4.0 IJUt" 34.0 23.2 14.8 9.1 4.4- - - -
3.0 not 35.0 22.4 15.1 9.5 5.0 Proportion of population aged 60 and over (%)- - - 10 02.0 computed 35.5 24.0 16.6 10.3 7.1 5 10

Average of under- Proportion of population Proportion of population

lined rates 34.8 23.2 15.5 9.6 4.7 under 15(%) under 15(%)

IV. Three networks as a whole

D. Age structure and levels of mortality and fertility

curves show greater differences from network to network
than do the curves for constant expectation of life 40

corresponding to a given expectation of life. Table VIllI0
illustrates this clearly. It is the counterpart of table VIIl9
for the birth rate. The three averages computed for
each network are represented by the curves II in
graph VIII.2. In each network, the stable birth rate
reveals itself as a fairly good index of fertility in the area 30

of the rates underlined in table VlIl9. However, there
are some divergences between the three curves which
are not insignificant. Replacing them by their averages,
in order to obtain the gross reproduction rate from the
stable birth rate, will therefore produce estimates that
are less precise than those for expectation of life at birth
mentioned above.

Average of under
lined rates . . 52.3 34.7 23.6 15.9 9.7 4.5

50

\

4 4

\ DOWNWARD.DEVIATING \' UPWARD-DEVIATING
\ NETWORK \ \ NETWORK

\ 50 \ \.. '\'T~~~~~'~\.." .lExpectation
\ . \ ',)060.4 of life at birth

\ ~ Expectation 'KSO for both sexes

\ \ \ \ Gross reproduction rate

\ \
\ \~\ INTERMEDIATE NETWORK

\ \,\~?0.2l·
\ ~60... Expectation of life at birth
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\ f"e 40

\~J~b2
\ \,'

\

30

Graph VIII.3 is identical with graph VII.3. For each
of the three networks, the proportion of persons aged 60
and over has been indicated on the horizontal axis and
the proportion of persons aged 0-14 on the vertical ax.is
Curves have been plotted for constant mortality and

10

Proportion of population aged 60 and ever (%)

Graph VID.3. Relations between age structure, mortality level and
fertility level in the three networks
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TABLE VTII.tO. STABLE BlRTll RATI! IN MODIlL STABLE POPULAnONS

(Per thousand)

Expectation 0/ life at birth/or both sexes (in years)

Gross Average
reproduction of underlined

rate 20 30 40 50 60.4 70.2 rates

I. Intermediate model stable populations

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- - -
2.0 . 34.2 32.7 31.7 31.1 30.6 30.1 31.4

II. Upward-deviating model stable populations

4.0. 65.4 62.3 59.3 56.7 54.7 53.0 59.4- - -
3.0 . 50.0 49.4 47.6 45.9 44.4 44.2 47.6- - -
2.0 . 32.2 33.3 33.0 32.4 31.3 30.3 32.1

III. Downward-deviating model stable populations

4.0.

3.0 .

2.0 . !
Rates 55.0

not 43.6

. computed 29.9

53.9

43.2

29.9

53.6

43.4

30.2

52.9

42.8

29.9

52.4

42.6

29.8

53.6

43.1

29.9

IV. Over-all average 0/ the three networks

4.0.
3.0 .
2.0.

56.7
45.4
31.1

11

Proportion of population aged 60 and over
Inthe population aged 5 and over (%)

4.0

'0'1..,__L-_-L_---L__L-_...L_---L__L----=~----.J

Proporfion of population between the ages of 5 and 14
in the population aged 5 and over (%)

50'..------,----,.--,..----,----,.--.,-----,----,.----,

Graph VIllA relates to the upward-deviating network.
In the shaded rectangle, the gross reproduction rate is
close to 3.0 and the expectation of life at birth is between

populations is that they are close to the stable popula
tions at a given time. This characteristic is due to the
fact that the age structure of intermediate stable popula
tions is more or lessindependent of variations in mortality.
As this quasi-independence also exists in the case of
deviatingstable populations, it was assumed that deviating
quasi-stable populations also had the characteristic of
being close to current stable populations.'' By assimilating
the trends of the population of Venezuela between 1936
and 1950 to a deviating quasi-stable population, one
could repeat the study described in the preceding chapter
with the help of graph VIII.3 in respect of the two
deviating networks.

In order to avoid having to decide, at least temporarily,
whether or not there was an increase in fertility in
Venezuela after 1936, use will be made of graphs VIllA
and VIII,5, which are limited to the population aged 5
and over and which are similar to graph VII.5. The
shaded rectangles in these two graphs represent the area
comprising all the deviating quasi-stable populations
which are consistent with the census results in so far as
the age structure is concerned.

2 Strictly, in order to be sure of the validity of this characteristic,
one would have to compute the quasi-stable populations with the
use of deviating model mortality rates. No such computations have
yet been made.

Graph vm.4. Relations among the age structure above the age
of 5, the mortality level and the fertility level in the upward
deviating network of model stable populations
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Proportion of population between the oges of 5 and 14
in the population aged 5 and over (%)

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

Graph vm.S. Relations among the age structure above the age
of 5, the mortality level and the fertility level in the downward
deviating network of model stable populations

29 and 57 years. With the intermediate network, we had
also found a gross reproduction rate close to 3.0 and an
expectation of life of between 28 and 46 years. The
estimated gross reproduction rate is thus almost the
same for both networks. The estimate of expectation of
life was not very good with the intermediate network,
but it is even worse with the deviating network.

Graph VIII.5 relates to the downward-deviating
network. Here, the shaded rectangle is outside the curves
of the graph. This means that it is not possible to
reconstruct the development of the population of
Venezuela between 1936 and 1950 by using downward
deviating model life tables. However, the downward
deviating model life tables used here reflect extreme
deviations. Smaller deviations would produce graphs
similar to graph VIII.5, situated somewhere between
that graph and graph VII.5, which relates to the inter
mediate network. If there was no deviation at all, the
result would be graph VII.5 of the intermediate network.
A series of such graphs reflecting increasingly smaller
mortality deviations may be regarded as the result of a
progressive deformation of graph VIII.5 towards
graph VII.5. This deformation is tantamount to a
dilation of graph VIII.5 in the direction of the arrow
drawn on graph VIII.5, the upper curve of that graph
remaining fixed.

When, in the course of this dilation, the curves of the
graph again cross the shaded rectangle, the curve of
constant gross reproduction rate marked "3.0" will be
near the centre of the rectangle. Here again, therefore,
one is led to conclude that the fertility of the population
of Venezuela remained constant at a level corresponding
to a gross reproduction rate of about 3.0.

Where mortality is concerned, estimates are even less
precise than in the other two networks. In the dilation
referred to above, it is the constant mortality curves
corresponding to high mortality levels which first cross
the rectangle. The lower limit of expectation of life at
birth is therefore the lowest value for expectation of life
in the series of downward-deviating life tables. The
upper limit is obtained when there is no longer any
deviation, and it is therefore identical with that found
in the intermediate network.

In short, the conclusions reached in chapter VII by
using graph VII.5 are the same as those we arrive at by
using graphs VIllA and VIII.5. On this particular point,
therfore, the assumption that the mortality of a given
population varies within a certain universe of model
life tables has no appreciable effect on our estimates of
fertility and mortality. Thus, it may now be considered
certain that up to 1945 the fertility of the population of
Venezuela remained more or less constant at a level
corresponding to a gross reproduction rate of 3.00.3

As was seen in chapter VII, a study of the variations
in recorded crude birth rates makes it possible to extend
this conclusion up to 1960. As to mortality, it cannot be
conveniently estimated in any of the graphs under
consideration.

A comparison in the three networks of the ratio f of
the number of women aged 15 to 44 to the number of
women aged 45 and over confirms these results.
Table VIII.11 shows that for medium and low mortalities
(expectation of life at birth of 40 years and over) this
ratio shows little variation from network to network.
In 1950, the ratio f observed in Venezuela was 3.1381.
This value gives a gross reproduction rate of close to
3.00 in all three networks.

a This conclusion assumes, however, that the age distribution
of the fertility in Venezuela is the intermediate distribution. With
a different distribution, the conclusion would still be that fertility
remained constant, but the corresponding value for the gross
reproduction rate would not be 3.00.

121110

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

4.0

TABLE Vill.11. RATIO/OF THE NUMBER OF WOMEN AGED 15 TO 44 TO THE NUMBER OF WOMEN AGED 45 AND OVER IN THE THREE NETWORKS
OF STABLE POPULATIONS

4.0 3.0 2.0

Expectation Inter- Upward- Downward- Inter- Upward- Downward- Inter- Upward- Downward-
of life at birth mediate deviating deviating mediate deviating deviating mediate deviating deviating

(in years) network network network network network network network network network

20 4.30 2.72 (8) 3.20 2.01 (8) 2.11 1.31 (8)
30 4.28 3.58 (8) 3.16 2.63 (8) 2.06 1.71 (8)
40 4.27 4.16 4.21 3.11 2.98 3.06 2.00 1.97 1.92
50 4.28 4.47 4.54 3.12 3.25 3.30 1.99 2.10 2.08
60.4 4.41 4.58 4.52 3.20 3.33 3.27 2.03 2.14 2.06
70.2 4.57 4.48 4.57 3.32 3.24 3.30 2.08 2.03 2.07

(11) Rationot computed.
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E. Correction of the age structure

Table VIII.l2 permits comparison, in the three net
works, of variations in the ratio of the number of children
agedO-4tothe number of persons aged 5and over,in stable
populations corresponding to a gross reproduction rate
of 3.00. In chapter VII it was assumed that a ratio of
0.21 would have been observed in the Venezuelan
censuses if children aged 0-4 had been properly enume
rated. It can be seen from table VIII.12 that the use of
one of the deviating networks would lead to substantially
the same conclusion. Consequently, all that was said in
chapter VII regarding correction of the age structure of
the population of Venezuelaremains valid. More particu
larly, the corrected structure by broad age groups can
be used to estimate mortality and fertility with the help
of graph VIII.3 or, better, with the help of graphs VIII.6
and VIII.7, which are enlargements of graph VIII.3
for the area in which the population of Venezuela is
situated. These two graphs are, in fact, similar to
graphs VIllA and VIII.5 (one set relating to the popula
tion aged 5 and over and the other to the total population),
and both sets give identical estimates. They are given
here merely as an introduction to the use of the next
graph where it is assumed that the rate of natural
variation, as well as the age structure, is known.

rate of between 2.84 and 3.10 and an expectation of life
at birth of between 39 and 43, i.e., essentially the same
values as with the upward-deviating network.

Graph VIII.9 is the same as VIII.8, but it represents
the downward-deviating network. This time, the two
curves of constant intrinsic rate of natural variation
22 and 23 do not pass through the rectangle ABCD.
This was to be expected, since we have already seen that
the assumption of a mortality with a maximum down
ward deviation is incompatible with Venezuela's age
structure, and the addition of another factor-the rate
of natural variation--cannot eliminate the incompati
bility. However, as stated above, for mortality rates with
less deviation than those used here there would be graphs
similar to graph VIII.9, derived by a dilation in the
direction indicated by the arrow XY in the graph,' the
upper curve remaining unchanged. In this dilation,
there would again be portions of the rectangle ABCD
which would fall between the curves of constant intrinsic
rate of natural variation 22 and 23. It can be seen from
graph VIII.9 that the estimates in this case would give
approximately the same values as those obtained with the
other two networks.

• When there is no longer any deviation we must return to
graph VII.7, relating to the intermediate network. This is how the
direction of the dilation arrow is determined.

Gross reproduction rate

4.0 5.0

Proportion of population aged 60 and over (%)

3.0

Expectation

011110 ot birth '-TH-----\<c-++-----I-~-
for both sexes \.
(inyoors)

Proportion of population
under 15 (%)

48I---I'-¥-++----/-;--~·

45

40t----+------+------'''''''~._t_\-->.~--~

38t----+------+------+----'~~r_~

391----+-----+--------'-~~r_~..___l

44t----+----":\'\--\-\'t-+-----.f-~-.p._,2.6 ----j

Graph VllI.6. Relations among age structure, mortality level
and fertility level in the area of the upward-devlating network of
model stable populations in which the population of Venezuela
from 1936 to 1950 is situated (enlargement of graph VllI.3)

411----+------+-~~H~_II____--~r____l

42t----+---

43~---+----

Expectation of life at Upward- Downward-
birth for both sexes Intermediate deviating deviating

(in years) network network network

20. 0.185 0.161 (a)
30. 0.197 0.190 (a)
40. 0.206 0.209 0.218
50. 0.216 0.221 0.221
60.4 . 0.225 0.230 0.226
70.2 . 0.233 0.234 0.232

(a) Ratio not computed.

It was discussed in chapter VII how a third network
of lines-lines of constant intrinsic rate of natural
variations-could be plotted in such graphs as VIII.6
and VIII.7. This has been done in graphs VIII.8 and
VIII.9. Chapter VII also indicated how it could be
estimated that in mid-1946 the annual rate of natural
variation of the population of Venezuela was between
22 and 23 per thousand.

Let us examine graph VIII.8, representing the upward
deviating network. The point representing the population
of Venezuela in mid-1946 should be located somewhere
in the rectangle ABCD between the curves of constant
intrinsic rate of natural variation 22 and 23. This is the
shaded area in graph VIII.8. In this area, the gross
reproduction rate is between 2.80 and 3.10 and the
expectation of life at birth for both sexes is between
36 and 42.

In the intermediate network, with graph VII.7, which
is similar to graph VIII.8, we found a gross reproduction

F. Age structure and rate of natural variation

TABLE VIII.12. RATIO OF THE NUMBER OF CHILDREN AGED 0-4 TO
THE NUMBER OFPERSONS AGED 5 AND OVER IN THE THREE NETWORKS
OFSTABLE POPULATIONS CORRESPONDING TO GROSS REPRODUCTION
RATE OF 3.0
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it is possible to use the downward-deviating network,
which had hitherto been found to deviate too greatly,
in the case of Venezuela. This, in fact, is only an illusion.
The downward-deviating network can be used on this
occasion because, in discarding one characteristic of the
age-structure, we actually opted for a less precise
reconstruction of the population trends in Venezuela
with the help of downward-deviating quasi-stablepopula
tions. It can readily be seen from graph VIII.9 how this
sacrifice of precision enables us to use the downward
deviating network. If we use the proportion of persons
under 15 and the intrinsic rate of natural variation as
demographic characteristics, our estimates will lie within
the small shaded area 81 in graph VIII.9. If we had
taken the proportion of persons aged 60 and over, instead
of the proportion of persons under 15, as the charac
teristic of the age-structure, the estimates would have
fallen within the small shaded area 82, These two areas
give very different estimates of fertility and mortality.
With mortality rates having less downward deviation
than those used here, in the dilation of graph VIII.9
described above, the two areas 81 and 82 are closer
together, and so are the corresponding estimates. It is
now clear whythe use of the downward-deviating network
in graph VIII.lO gives estimates differing from those
given by the other networks. At the same time, it can be

39 and 44
37 and 42
45 and 50

Range of expectation
of life at birth
for both sexes

(in years)

4.0 5.0

Proportion of population aged 60 and over (%)

Range
ofgross

reproduction
rate

2.8 and 3.0
2.8 and 3.1
2.6 and 2.8

3.0

Network

Intermediate • . .
Upward-deviating.
Downward-deviating

Graph vm.7. Relations among age structure, mortality level
and fertility level in the area of the d01Vl1ward~eviating network
of model stable populations in which the population of Venezuela
from 1936 to 1950 was situated (enlargement of graph vm.3)

01 Ar--r-----,

It is possibleto make simplergraphs than graphs VIII.S
and VIII.9 by using only one characteristic of the age
structure, instead of two. By indicating the proportion
of persons aged 0-14 in the total population on the
horizontal axis and the intrinsic rate of natural variation
on the vertical axis, we obtain graphs similar to
graph VII.S. These are shown in graph VIII.lO, in which
we have also reproduced graph VII.S. The graphs are
very similar for all three networks. Graph VIII.ll gives
an enlargement of graph VIII.lO for the two deviating
networks in the area in which the population of Venezuela
is situated (a graph similar to graph VII.9 for the inter
mediate network). With this enlarged graph, we get the
following estimates:

Proporllon of populotion
undor 15(%)

00

061---<'----\--¥-'d-"*---'T-----+------1-----l

47 \

391------+------+------_t'"

49h+---+------I-------1-----l

\\
\\\

48f..-'T-""' -t------+------t-----l
\\ \ \
\\\ \

051---~-"e.d-....r__'_--'-A-'--- Gross reproduction rate

00 Dl.--r----.....J

381-----t------I-------1---..::lI

This time, the shaded rectanglein which the population
of Venezuela is found is crossed by the curves in all
three networks, and one might gain the impression that

Graph VllLS. Relations among age structure, mortality level,
fertility level and intrinsic rate of natural variation in the area of
the upward~eviating network of model stable populations in which
the population of Venezuela from 1936 to 1950 is situated (This
graph is similar to graph vm.6, with curves for constant intrinsic
rates of natural variation added)
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20.4
23.6
14.4

12.0
10.8
8.2
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expectation

of life
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Gains in
expectation (a)
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1942 and 1960

(in years)

1960

60.0
57.2
66.4

Expectation of life at
birth for both sexes

(in years)

Expectation of life at
birth for both sexes

(in years)

1943

48.0
46.4
58.2

1948-1950 1958-1960

Network

Intermediate.. 41.0 (point A) 61.4 (point A')
Upward-deviating • 34.8 (point B) 58.4 (point B')
Downward-deviating 53.0 (point C) 67.4 (point C')

Intermediate. .
Upward-deviating .
Downward-deviating

Network

The difficulty arises from the fact that one of the
readings, corresponding to the lowest value for the
proportion of deaths at 60 and over, is taken from the
part of the three curves where the curvature is very
different from the others. If the reading were taken on
the part of the curves where they are almost parallel
the results would be much better. For example, let us
compare the two periods 1948-1950 and 1958-1960 for
Venezuela. The ratio of deaths at 60 and over to the total
number of deaths at 5 and over rises from 0.339 in one
period to 0.439 in the other. Graph VIII.12 shows the
following values for the expectation of life:

(a) Widely varying gains are obtained according to the network used.

Graph VIII.12 shows, for a gross reproduction rate
of 3.00, the curve of variation, in the three networks,
in the proportion of deaths at 60 and over in all deaths
at 5 andover, as a function of the expectation of life
at birth. Between 1943and 1960,this proportion increased
in Venezuela from 0.2889 to 0.4518. This increase
corresponds, on the three curves, to the following values
of expectation of life at birth for both sexes:

Estimates of the same order of magnitude are obtained
in all three networks. The estimates can also be improved
by using other age groups. The proportion of deaths at
65 and over in total deaths at 5 and over, for example,
gives good results. This is the ratio which was used for
the construction of graph VIII.13. This graph was also
used for the countries Ii in table VII.l8, showing the
estimated variation in expectation of life at birth over
the past twenty years. Three periods have been consid
ered: 1940-1942, 1948-1950 and 1958-1960. Table VIII.13
gives the proportions of deaths at 65 and over in all

6 Some of the countries included in table VII.lS are not shown
here because their statistics of deaths by age are prepared by age
groups which cannot be used in computing the ratio under consi
deration. This applies to Honduras, India and Venezuela.

5.04.0

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

3.0

451---------~~ -\:----\:-----\:-~- Gross reproduction rate

37'------;;;------f:::------;L------J

391-----+
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Proportion of the populction cged 60 and over (per cent}

44f-----l--+-iII~

Graph VIII.9. Relations among age structure, mortality level,
fertility level and intrinsic rate of natural variation in the area of
the dOWDward-deviating network of model stable populations in
which the population of Venezuela from 1936 to 1950 is situated
(This graph is similar to graph VIII.7, with curves for constant
intrinsic rates of natural variation added)
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Proportion of population
under 15 (%)
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G. Age structure of deaths

seen how unsafe it would be to rely on a single graph in
making use of the different networks. A number of these
graphs must be used, and the convergence of the various
estimates will indicate the degree of reliability.

The foregoing explanations lead to an important
conclusion, the essence of which was indicated briefly by
comparison of the three networks reflecting in
tables VIII,6, VIII.7 and VIII.8. When we use as demo
graphic characteristics the indices of age structure, the
intrinsic rate of natural variation, the gross reproduction
rate, the expectation of life at birth, the stable birth rate
and the stable death rate, the trends of populations like
that of Venezuela can be assimilated to that of any
quasi-stable populations, whether intermediate, down
ward-deviating or upward-deviating. Whatever network
of stable populations is utilized, we always arrive at
roughly the same estimates.

We shall encounter further difficulties with the use of
the age distribution of deaths. The method, given a
level of fertility, of relating the expectation of life at birth
to the proportion of deaths at 60 and over in all deaths
at 5 and over is obviously applicable to both deviating
networks. A specific example will show the difficulties
encountered in applying this method.
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Graph VllI.I0. Relations between the proportion of population under 15 and the intrinsic rate of natural variation in the three networks
of model stable populations

TABLE VIII.l3. RATIO OF DEATHS AT 65 AND OVER TO ALL DEATHS
AT 5 AND OVER, OBSERVED IN FOURTEEN COUNTRIES DURING THREE
PERIODS SPACED BETWEEN 1940-1960

Period
-----

Country 1940-1942 1948-1950 1958-1960

Ceylon..... 0.2891 0.3610 0.4751
Chile ..... 0.2814 0.3335 0.4037
Chine (Taiwan) . 0.2582 0.2568 0.3820
Columbia ..... Not available (&) 0.2945 0.3565
Dominican Republic. 0.2478 0.2653 0.3593
El Salvador 0.1981 0.2288 0.3039
Guetemala. Not available (8) 0.2037 0.2323
Mexico .. 0.2535 0.3192 0.3580
Nicaragua. 0.2195 0.2308 0.2957
Panama .. Not available (8) 0.2727 0.4067
Paraguay.. 0.3338 0.3586 0.4815
Philippines . 0.2900 0.2000 0.3451
Thailand ... . . . 0.2147 0.2034 0.2670
Trinidad and Tobago 0.3498 0.3897 0.4894

(8) Statistics of deaths are published for age groups which cannot
be used in computing the ratio considered here.

deaths at 5 and over 6 for these three periods, and
table VIII.l4 gives increases in expectation of life at birth

6 The two graphs VIII.12 and VIII.13 are very similar. The
improvement made in graph VIII.13 is due to the fact that the part
of it which is used is not the same as in graph VIII.12. For the
periods and countries considered in table VIII.13, with graph VIII.12
the readings are often found along a portion of the curves with
different curvatures. With graph VIII.13 nearly all the readings
happen to be along portions of the curves which are practically
parallel to each other.

for both sexes, in years corresponding to the ratios in
table VIII.l3, read from graph VIII.l3. Generally
speaking, similar estimates are obtained in all three
networks. The exceptions, such as Guatemala and
El Salvador, correspond to readings on the part of the
curves having a very different curvature. Where the three
networks give similar estimates, it is safe to assume that
they indicate the order of magnitude of the variation in
expectation of life at birth. If the estimates differ from
network to network, this method cannot be used. This
brings us to a particular feature of the use of the age
distribution of deaths. With the characteristics used in
the preceding graph, we could be satisfied with a reading
in only one of the three networks. In this case, we must
verify that the three networks give approximately the
same result.

H. Estimated mortality by comparison of two census
results

It was stated in chapter VII that the method of
comparing corresponding age groups in two censuses
in order to estimate mortality could be used without
any reference to a network of stable populations. It was
also shown that the use of networks could in some cases
make applications of the method easier. We shall repeat
the example given in chapter VII, with deviating
networks, using a comparison of the total numbers of
the population above certain age in two censuses.

Tables VIII.l5 and VIII.16 give the mortality rates for
the stable populations of the two networks above the
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ages shown in the first column. By interpolation of the
figures given in these two tables we determined the
figures in table VIII.17, showing mortality rates for ages
above 9.5 years in the two deviating networks; we have
also reproduced figures corresponding to the intermediate
network. This table is directly applicable to the case of
Venezuela, since, as was shown in chapter VII, the
mortality rate at the age of 9.5 and over ofthe population
of Venezuela at mid-point in the period 1941-1950 can
be estimated by comparing the results of the two censuses
of 1941 and 1950 by age groups. A rate of 15.7 per
thousand was obtained. Thus, with the figures in
table VIII.l7, we have the estimates in table VIII.l8 for
the expectation of life at birth for both sexes. These
estimates vary according to the fertility level assumed,
and for a given fertility level the estimates also vary
according to the network. If it is assumed that the gross
reproduction rate is between 2.8 and 3.2, the estimates
vary between 35 and 45 years (table VIII.18). Owing to
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TABLE VIII.14. GAINS IN EXPECTATION OF UFE AT BIRTH FOR BOTH SEXES (IN YEARS) CORRESPONDING, IN
THE THRllE NElWORKS OF MODEL STABLE POPULATIONS, TO THE VARIATION IN THE RATIO OF DEATHS AT
6S AND OVER TO ALL DEATHS AT 5 AND OVER, OBSERVED BETWEEN 1940AND 1960INFOURTEEN COUNTRIES

1940-1942 to 1948·1950 1948-1950 to 1958·1960
Network (8 calendar years) (10 calendar years)

Ceylon Intermediate 7.9 8.1
Upward-deviating 7.S 9.0
Downward-deviating 6.2 7.1

Chile Intermediate 6.6 5.6
Upward-deviating 6.1 6.7
Downward-deviating 5.2 5.6

China (Taiwan) Intermediate Variation negligible 13.8
Upward-deviating 14.5
Downward-deviating 12.1

Colombia Intermediate Figures not available 6.9
Upward-deviating 6.S
Downward-deviating 5.6

Dominican Republic Intermediate 2.6 10.8
Upward-deviating 3.0 11.0
Downward-deviating 2.1 9.2

El Salvador Intermediate 4.9 10.3
Upward-deviating Computation not possible 12.2
Downward-deviating 8.9 9.3

Guatemala Intermediate Figures not available 4.2
Upward-deviating 12.7
Downward-deviating 6.0

Mexico Intermediate 8.6 4.2
Upward-deviating 9.0 4.0
Downward-deviating 7.3 3.1

Nicaragua Intermediate 3.9 10.5
Upward-deviating 2.0 9.7
Downward-deviating 2.3 8.2

Panama Intermediate Figures not available 13.6
Upward-deviating 14.0
Downward-deviating 12.2

Paraguay Intermediate 0.4 8.0
Upward-deviating 0.6 9.6
Downward-deviating 0.3 7.9

Philippines Intermediate Figures not available 6.2
Upward-deviating 5.6
Downward-deviating 5.2

Thailand Intermediate Variation negligible 12.2
Upward-deviating 8.6
Downward-deviating 8.1

Trinidad and Tobago Intermediate 5.2 6.0
Upward-deviating 6.0 6.5
Downward-deviating 4.6 6.0
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TABLE VIII.16. DEATH RATE (PER THOUSAND) ABOVE THE AGES
INDICATED FOR DIFFERENT LEVELS OF FERTILITY AND MORTALITY
IN THE DOWNWARD-DEVIATING NETWORK OF MODEL STABLE
POPULATIONS

Expectation of life at birth (in years)

Age (in years) 20 30 40 50 60.4 70.2

Gross reproduction rate: 4.00

o and over. 23.1 14.7 9.1 4.3
1 and over. Rates not 18.3 11.1 6.5 3.1
5 and over. computed 14.9 9.8 6.2 3.3

10 and over. for these 15.7 11.5 6.8 3.9
15 and over. mortality 18.9 12.2 8.1 4.8
20 and over. levels 20.3 13.8 9.3 5.9
25 and over. 21.9 15.1 10.4 6.9

Gross reproduction rate: 3.00

o and over. :; 23.4 15.0 9.5 4.8
1 and over. Rates not 18.6 12.1 7.5 4.1
5 and over. computed 16.5 11.2 7.4 4.6

10 and over. .> for these 17.7 12.1 8.2 5.2
15 and over.

:~
mortality 19.8 13.8 9.5 6.1

20 and over. levels 22.0 15.5 10.8 7.3
25 and over. 23.6 17.0 12.2 8.7

Gross reproduction rate: 2.00

o and over. 24.6 16.6 11.3 6.7
1 and over. Rates not 21.2 14.7 10.0 6.3
5 and over. computed 20.3 14.4 10.2 7.0

10 and over. for these 21.4 15.5 11.2 7.8
15 and over. mortality 23.9 17.2 12.6 9.2
20 and over. levels 25.8 19.0 14.1 10.5
25 and over. 27.5 20.8 15.7 12.1

39-43
36-42

Under 43

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

Intermediate. . . .
Upward-deviating . .
Downward-deviating .

Taking these results in conjunction with the figures
in table VIII.18, one would be tempted to say that
Venezuela's mortality in 1946 was rather of the inter
mediate type and should therefore be at a level that
would give an expectation of life at birth for both sexes
of about 40 years.

However, we must not overlook the fact that all these
mortality estimates are very precarious, and this is
indeed the conclusion which follows from the develop
ments in chapters VII and VIIT. When an actual popula
tion can legitimatelybe assimilated to a stable population,
any network of stable populations will serve to provide
a relatively precise estimate of the gross reproduction
rate. The estimation of expectation of life at birth,
however, remains very hazardous. In the first place, for
a given network the estimation of expectation of life is
less precise than the estimation of the gross reproduction
rate; and, in addition, it varies according to the network
used. TABLE VIII.17. DEATH RATE (PER THOUSAND) AT THE AGE OF 9.5

AND OVER IN THE THREE NETWORKS OF MODEL STABLE POPULATIONS

their lack of precision, these estimates tell us very little
about the mortality level.On the other hand, the estimates
in table VIII.8, taken in conjunction with the preceding
estimates, can provide information on the type of
mortality in Venezuela.

Earlier, by using the age structure and the rate of
natural variation, we obtained the following estimates
for expectation of life at birth:



We shall not pursue the subject of networks of stable
populations any further. It was not our intention to make
an exhaustive study of them, and many other examples
of the use of these networks can readily be conceived.
Those which we have chosen will suffice, however, to
show how useful they can be, but they also show their
limitations very clearly. In conclusion, we offer a few
ideas regarding work which might usefully supplement
this study. .

1. First, the concept of quasi-stable populations would
merit a more systematic study. We have indicated the
properties of these populations on the basis of a small
number of examples, using the intermediate model life
tables. It would be useful to undertake other computa
tions, first using the same tables and then using upward
deviating or downward-deviating model life tables.

2. It has been assumed that there was no migration.
In other words, the factors determining population
trends have been reduced to two: mortality and fertility.
Since, in fact, there is always some migratory movement,
we must begin by eliminating its effects before making
any computations. This is what we did in the case of
Venezuela, for example, when we distinguished between
the alien population, the Indians in the jungle and the

non-alien population. While it is often possible to
eliminate the effects of migratory movement with respect
to an entire country, it is much more difficult when a
region within the country is being considered, in which
case the necessary statistics are not available and as the
migration is internal, its effects are greater than in the
case of international migration. If the methods described
in this work are to be applied to regions within a country
or to sub-populations-e.g., the urban population and
the rural population-the migration factor must be
incorporated in the stable population and new model
networks must be constructed.

3. Lastly, a basic assumption underlying all the methods
of estimation proposed in this study is that fertility varies
very little. This assumption has been more or less
confirmed for the under-developed countries in the past
and it still holds for most of those countries, but there
is reason to believe that it will no longer reflect the true
situation a few years hence. A decline in fertility seems
likely sooner or later, and it is therefore necessary to
compute networks of populations with declining fertility.

A coming publication of the Regional Centre for
Demographic Training and Research in Latin America
should meet these various needs, at least in part.
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