
Chapter II

METHODS OF PROJECTING ACTIVITY RATES

The methods are of two main types. In the first the
future activity rates of the population are projected by
extrapolating the past trends observed in these rates,
either in the country under study or in countries whose
economic development is similar. In the second certain
techniques are employed to correlate the activity rates
observed at a given date in various areas of a country
or in countries at different levels of development with
certain measures which typify economic development,
such as the anticipated rate of industrialization. Further
more, recent advances in the techniques for demographic
calculations have enabled matrix methods to be used
to produce a model projection of the economically
active population in which the number of factors that
can be allowed for in estimating the future activity
rates of the population is substantially increased.

The calculations made by both these methods have
their limitations. Neither the extrapolation nor the
correlation method is capable of giving consistently
satisfactory results, particularly in the projection of the
activity rates of the youngest and oldest age groups.

A. EXTRAPOLATION METHODS

The first part of this section describes a number of
extrapolation techniques and their application to the
statistics of the economically active population of Japan.
Thereafter the extrapolation method developed by
the International Labour Office is described.

1. Various extrapolation methods; application to Japan

(a) Direct extrapolation by age group and by sex
Future economic activity rates may be computed by

linear extrapolation of observed trends. This method
is the simplest and the most frequently employed, but
it is unsatisfactory for a number of reasons, the most
important of which is that it can yield impossible
results. For instance, in the case of age groups whose
activity rates are very high, the method may yield
percentages above the maximum of 100 (for one
example, see annex III). These drawbacks are not over
come by resort to geometric projection if the trend
being projected is a rising one. A better method is to
weight the changes in the activity rate with a coefficient
that will have the effect of ruling out negative percentages
or percentages above 100.1

1 John D. Durand, The Labour Force in the United States
1890-1960 (New York, Social Science Research Council, 1948),
pp. 238 and 239. The weight adopted by the author has the

This correction coefficient is obtained by dividing
the product of the rates of activity and inactivity at the
beginning and end of the past period. The extrapolation
formula is as follows:

a'f - a'f 100 ± ~r. t,
I, - I 100

In this equation, aX represents the activity rate of
persons of age x; ~f, t1 the recorded percentage increase
- or decrease - in the activity rate of persons of age x
in the base period, which is deemed also to apply to the
projection period; t the beginning of the projection
period or the end of the base period; and t 1 the end of
the projection period. It should be noted that the
projection period and the base period are here assumed
to be of the same duration. If this is not the case, the
mean rate of change for a period of the same duration
must be computed. When the adjusted coefficient is
applied, the percentage increase - or decrease - may
be computed in two ways, using one of the following
equations :2

Equation (a): ~r.ll = (a~) (a~ X ~)
t( ate X "I.

(
aaJ ) (aaJ X U

aJ
)Equation (b): ~r.I, = 1 + .2. - 1 I ~,

~. t( X UI.

in which UX represents the inactivity rate of persons of
age x and to the beginning of the base period. In (a)
the ratio of the total increase - or decrease - is
multiplied by the adjusted coefficient, whereas in (b)
only the increase itself - or the decrease - is thus
modified. Examples of projections in which these
extrapolations were used are given in annexes I and II
and brief illustrations of the computations themselves
in tables 3 and 4.

(b) Indirect extrapolation, by age group and by sex

Sometimes, instead of extrapolating activity rates,
it may be advantageous to use inactivity rates. This
method is particularly recommended when activity
rates are assumed to be increasing gradually," as in the

property of retarding the rate of increase in the activity rates
when these are very high and of accelerating their increase when
they are low.

S In these equations to < t < t l •

S G. Bancroft, The American Labor Force: Its Growth and
Changing Composition, (New York, Wiley, 1958), p. 176.

- 10 -



'>.-

TABLE 3

Japan: activity rates of the male economically active population for 1965, estimated by direct extrapolation of 1955 and 1960 data for each age group,
with the correction coefficient (equation (a»

~) ~ti6 a~.O
aiu. a:i... x U:..o a~N' X U:..I a~ xu:... (a~..) (a:... xu:...)

a~.u
of'55 af.55 X u~u aUli ar.n x urus

(1) (2) (3) (4) (5) (6) (7) = (5) : (6) (8) - (4) X (7) (9) = (3) X [100 ± (8)) : 100

15-19 52.1 50.7 X 0.9731 50.7 X 49.3 = 2,449.51 52.1 X 47.9 = 2,495.59 0.98153 0.9551 51.2
20-24 85.2 86.8 X 1.0188 86.8 X 13.2 = 1,145.76 85.2 X 14.8 = 1,260.96 0.90864 0.9257 87.6
25-29 93.7 96.0 X 1.0245 96.0 X 4.0 = 384.0 93.7 X 6.3 = 590.31 0.65050 0.6664 96.6
30-34 95.1 97.1 X 1.0210 97.1 X 2.9 = 281.59 95.1 X 4.9 = 465.99 0.60428 0.6170 97.7
35-39 95.8 97.2 X 1.0146 97.2 X 2.8 = 272.16 95.8 X 4.2 = 402.36 0.67640 0.6863 97.9
40-44 95.9 97.1 X 1.0125 97.1 X 2.9 = 281.59 95.9 X 4.1 = 393.79 0.71617 0.7251 97.8
45-49 95.5 96.7 X 1.0126 96.7 X 3.3 = 319.11 95.5 X 4.5 = 429.75 0.74254 0.7519 97.4
50-54 93.8 95.1 X 1.0139 95.1 X 4.9 = 465.99 93.8 X 6.2 = 581.56 0.80127 0.8124 95.9
55-59 88.7 89.5 X 1.0090 89.5 X 10.5 = 939.75 88.7 X 11.3 = 1,002.31 0.93755 0.9460 90.3
60-64 81.5 81.9 X 1.0049 81.9 X 18.1 = 1,482.39 81.5 X 18.5 = 1,507.75 0.98318 0.9880 82.7
65 + 55.7 54.5 X 0.9785 54.5 X 45.5 = 2,479.75 55.7 X 44.3 = 2,467.51 1.00496 0.9834 54.0

I
........

TABLE 4
Japan: activity rates of the male economically active population for 1965, estimated by direct extrapolation of 1955 and 1960 data for each age group,

with the correction coefficient (equation (b»

~) af,6$ aiSIO of... niuo x ~uo af'''_ 1 (ai..._ 1) (a:... xu:...) 1 + e~"·-I) (ai... X ai...) ai'61
afUi af,,, X uf,u al.51 ai'6' af,u x "ilil a1 • 16 af.n X urul

(l) (2) (3) (4) (5) (6) = (4)-1 (7) = (6) X (5) (8) = 1 + (7) (9) = (3) X (8)

15-19 52.1 50.7 0.9731 0.98153 -0.0269 -0.0264 0.9736 49.3
20-24 85.2 86.8 1.0188 0.90864 0.0188 0.0171 1.0171 88.3
25-29 93.7 96.0 1.0245 0.65050 0.0245 0.0159 1.0159 97.5
30-34 95.1 97.1 1.0210 0.60428 0.0210 0.0127 1.0127 98.3
35-39 95.8 97.2 1.0146 0.67640 0.0146 0.0099 1.0099 98.2
40-44 95.9 97.1 1.0125 0.71617 0.0125 0.0090 1.0090 98.0
45-49 95.5 96.7 1.0126 0.74254 0.0126 0.0094 1.0094 97.6
50-54 93.8 95.1 1.0139 0.80127 0.0139 0.0111 1.0111 96.2
55-59 88.7 89.5 1.0090 0.93755 0.0090 0.0084 1.0084 90.3
60-64 81.5 81.9 1.0049 0.98318 0.0049 0.0048 1.0048 82.3
65 + 55.7 54.5 0.9785 1.00496 -0.0215 -0.0216 0.9784 53.3



case of the female labour force. The following formula
may be used:
ar = 100 - (14 . <X), in which <X = u~/uf., or the ratio of
the inactivity rates of persons of age x in the periods t
and to. Here again, the correction coefficient may be
used in the same way as in the methods described earlier.
An illustration is given in table 5. Examples of future
activity rates extrapolated by this method, but without
using the correction coefficient, are given in annex V;
the correction coefficient is applied in the examples
in annex IV.

(c) Extrapolation by cohort
This method works on the assumption that the

pattern of change in the activity rates of a given age
group - or cohort - during the projection period will
be the same as that observed for a cohort in the same
age group in an earlier period. This method is of

particular value for categories of the economically
active population whose activity rates show marked
variations over a period of time. It is thus very useful
for projecting the activity rates of the female population.
The formula for extrapolation by cohort is:

a"'
a"' = a"' X -2

h t a""t.

in which Xo represents the age group preceding age
group x, and ar/ar: the ratio of the activity rates
by cohort. In order to determine the activity rates
of women who will be in the 25-29 age group in
1970, the pattern of change observed in the activity
rates for 1960-1965 of women who were in the
20-24 age group in 1960 is applied to the activity
rates of women in the 20-24 age group in 1965 (see
table 6).

TABLE 5

Japan: activity rates of the male economically active population for 1965, estimated by indirect extrapolation of 1955 and 1960
data for each age group, with and without the correction coefficient

(x) ufel' ur... ur... ur... X" of",.. ar... X U;=... (ur... x ,,) (a:lI•Xurm) or,slby= ~'II 0fll. X Uf.11 a~," X uf,..

(l) (2) (3) (4) = (3) : (2) (5) = (4) x (3) (6) = 100- (5) (7) (8) = (5) x (7) (9) = 100- (8)

15-19 47.9 49.3 1.0292 50.7 49.3 0.98153 49.8 50.2
20-24 14.8 13.2 0.8918 11.8 88.2 0.90864 10.7 89.3
25-29 6.3 4.0 0.6349 2.5 97.5 0.65050 1.6 98.4
30-34 4.9 2.9 0.5918 1.7 98.3 0.60428 1.0 99.0
35-39 4.2 2.8 0.6666 1.9 98.1 0.67640 1.3 98.7
40-44 4.1 2.9 0.7073 2.1 97.9 0.71617 1.5 98.5
45-49 4.5 3.3 0.7333 2.4 97.6 0.74254 1.8 98.2
50-54 6.2 4.9 0.7903 3.9 96.1 0.80127 3.1 96.9
55-59 11.2 10.5 0.9292 9.8 90.2 0.93755 9.2 90.8
60-64 18.5 18.1 0.9783 17.7 82.3 0.98318 17.4 82.6
65 years and

over .• 44.3 45.5 1.0270 46.7 53.3 1.00496 46.9 53.1

(x) y-1 <,,-1) (a~... x ui...) <,,-1) (aill• x urll.) + 1 ur... [<"-1) (ai... x ur...) + 1]
afll66 c

aflll x "f'1I af.1I1 x "f.." af.1I x uf'lI

(l) (1O) = (4)-1 (11) = (10) x (7) (12) = (11) + 1 (13) = (3) x (12) (14) = 100 - (13)

15-19 0.0292 0.0287 1.0287 50.7 49.3
20-24 -0.1081 -0.0982 0.9018 11.9 88.1
25-29 -0.3651 -0.2375 0.7625 3.1 96.9
30-34 -0.4082 -0.2467 0.7533 2.2 97.8
35-39 -0.3333 -0.2254 0.7746 2.2 97.8
40-44 -0.2927 -0.2096 0.7904 2.3 97.7
45-49 -0.2667 -0.1980 0.8020 2.6 97.4
50-54 -0.2097 -0.1680 0.8320 4.1 95.9
55-59 -0,0708 -0.0664 0.9336 9.8 90.2
60-64 -0.0216 -0.0212 0.9788 17.7 82.3
65 +. 0.0270 0.0272 1.0272 46.7 53.3

• Correction coefficient not applied.
b Correction coelIlcient (equation (a» applied.

C Correction coefficient (equation (b» applied.
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TABLE 6

Japan: estimated activity rates of the female labour force for 1965, based on extrapolation by cohort of 1955 and 1960 data for each age group
with and without the correction coefficient ..

(x) a~... a::fG a~ttli afe" aft" 0:"'_1 (~"'-1) (a:... xu:...) 1+ [(~"'-1) (~... x u:...)] Z

a::" aZ. oz. alll5 x 1(111 ~1I1 af166 X "fill
al165

un III'

(1) (2) (3) (4) = (3) x (2) (S) (6) (7) (8) (9) = (8) + 1 (10) = (3) x (9)

15-19
20-24 1.416 48.9 69.2 62.9 59.9 0.416 0.404 1.404 68.7
25-29 0.752 68.4 51.4 33.4 57.8 -0.248 -0.248 0.752 51.4- 30-34 0.984 50.1 49.3 29.8 49.3 -0.016 -0.016 0.984 49.3w
35-39 1.108 50.7 56.2 38.0 55.8 0.108 0.107 1.107 56.1
40-44 1.088 54.4 59.2 42.4 58.2 0.088 0.087 1.087 59.1
45-49 1.022 57.0 58.3 43.3 58.0 0.022 0.022 1.022 58.3
50-54 0.958 56.5 54.1 43.3 54.4 -0.042 -0.042 0.958 54.1
55-59 0.907 51.9 47.1 44.2 46.8 -0.093 -0.093 0.907 47.1
60-64 0.852 45.8 39.0 35.2 37.4 -0.148 -0.148 0.852 39.0
65 years and over 0.547 39.1 21.4 21.5 15.3 -0.453 -0.458 0.542 21.2

• Computations:

(4) simple extrapolation by cohort. . . (a:... x u:...)(6) extrapolation by cohort multIPlied by the cohort correcnon coefficient
oZ. x UZ.

(aZ x uZ ) 1111 1111
(5) extrapolation by cobort multiplied by the correction coefficient 1... ....

af." x uf.61 (10) extraPOlation by cohort with the correcnon coefficient applied to the increase - or decrease - in
activity rates.



(d) Comparison of the results obtained by the various
extrapolation methods

The results of the computations vary according to
the method used. Table 7 clearly illustrates that this
is so, both in the case of projections made for 1965
and in some which have been made for 1985. The dif
ferences are slight as between the techniques of direct
and indirect extrapolation; the difference between
projections obtained by these techniques and those
derived by the method of extrapolation by cohort is
wider.

The merits of the correction coefficient (a~ X ~I

~ X uf.) are especially evident in long-term projections
or activity rates for specified age groups. Annex III
shows how, unless the correction coefficient is used, the
direct extrapolation method yields absurd results, such
as activity rates of 109 per cent for the 25-29 age group
in Japan for 1985. When the projection period is short,
however, the likelihood of obtaining a negative percen
tage or a percentage above 100 is probably negligible;

in such cases, it is not essential to use the correction
coefficient when computing future activity rates. The
illustrative projections for Japan for the period 1960
1965 can be compared with the real pattern of labour
supply in the same period. The discrepancies are very
slight in the case of adult male age groups whose activity
rates are relatively stable; they are considerably greater
for the female population as a whole and for the youn
gest and oldest male groups. Such discrepancies may be
explained by the fact that in projecting activity rates
for these groups, the necessary adjustments have to be
made for probable trends in such endogenous variables
as the economic structure, school enrolment rates and
the social security system; the mechanical approach
imposed by the use of such rigid mathematical formulae
as those described above makes no allowance for such
adjustments. This problem, and the solutions it calls
for, will be discussed in section D of this chapter.

Finally, it is interesting to compare the projections
developed for Japan for 1985 by the different methods

TABLE 7

Japan: projections of sex- and age-specific activity rates of the economically active population, 1965 and 1985'
comparison of extrapolation methods '

Activity rates» Deviation from actual data Act/vlty rates' Deviation from
official profectloM

a b c d b c d A b c d b c d

1965 1985

Males

15-19 . 38.6 49.3 49.3 10.7 10.7 40.0 43.7 43.7 37.7 37.7
20-24 . 87.1 88.3 81.1 81.4 1.2 1.0 -5.7 85.5 93.3 91.6 7.8 6.1
25-29 . 97.9 97.5 96.9 94.0 -0.7 -1.0 -3.9 95.9 99.7 98.3 3.8 2.4
30-34 . 98.6 98.3 97.8 98.1 -0.3 -0.8 -0.5 96.8 99.7 98.9 2.9 2.1
35-39 . 98.4 98.2 97.8 98.6 -0.2 -0.6 0.2 97.2 99.8 98.9 2.6 1.7
40-44 . 98.3 98.0 97.7 98.2 -0.3 -0.6 -0.1 97.2 99.5 98.8 97.8 2.3 1.6 0.6
45-49 . 98.0 97.6 97.4 97.7 -0.4 -0.6 -0.3 96.8 99.5 98.5 96.4 2.7 1.7 -0.4
50-54 . 97.2 96.2 95.9 96.4 -1.0 -1.3 -0.8 95.2 98.7 97.4 99.3 3.5 2.2 4.1
55-59 . 93.8 90.3 90.2 91.0 -3.5 -3.6 -2.8 88.3 93.0 92.2 97.7 4.7 3.9 9.4
60-64 . 85.3 82.3 82.3 82.7 -3.0 -3.0 -2.6 78.2 83.9 84.1 91.4 5.7 5.9 13.2
65 years and over . 55.1 53.3 53.3 54.6 -1.8 -1.8 -0.5 39.2 48.5 48.4 59.9 9.3 9.2 20.7

Females

15-19 . 37.6 49.5 49.5 11.9 11.9 40.0 51.9 51.9 11.9 11.9
20-24 . 69.7 70.2 70.1 68.7 0.5 0.4 -1.0 65.0 77.4 75.9 12.4 10.9
25-29 . 46.4 48.7 48.7 51.4 2.3 2.3 5.0 38.4 43.3 54.3 4.9 15.9
30-34 . 48.0 52.3 52.2 49.3 4.3 4.2 1.3 32.8 58.9 59.2 26.1 26.4
35-39 . 58.3 56.5 56.3 56.1 -1.8 -2.0 -2.2 36.3 65.6 62.9 29.3 26.6
40-44 . 62.1 58.7 58.6 59.1 -2.4 -3.5 -3.0 39.0 65.5 64.0 61.0 26.5 25.0 22.0
45-49 . 62.6 58.9 58.7 58.3 -3.7 -3.9 -4.3 37.2 69.1 66.5 62.3 31.9 29.3 25.1
50-54 . 57.3 53.3 53.3 54.1 -4.0 -4.0 -3.2 32.1 59.1 58.7 58.1 27.0 26.6 26.0
55-59 . 50.1 45.7 45.7 47.1 -4.4 -4.4 -3.0 25.8 45.3 45.3 54.4 19.5 19.5 28.6
60-64 . 39.3 39.1 39.1 39.0 -0.2 -0.2 -0.3 16.8 39.1 39.1 44.6 22.3 22.3 27.8
65 years and over 17.6 21.7 21.7 21.2 4.1 4.1 3.6 5.3 22.9 22.9 22.8 17.6 17.6 17.5

• Explanatory note:
a: Official estimates for 1965; see Japan. Institute of Population Problems. c: Indirect extrapolation for each allC-group. applying the correction coefficient

Estimates of Future Labour Force POpUlation In Japan for 1 October from to the increase~ or decrease -In activity rates.
1965 to 1985. Estimated In December 1966 (Tokyo. 1967). d: Extrapolation bY cohort. applying the correction coefficient to the increase

A: Official projection for 1985. variant C (for an explanation of the method - or decrease -In activity rates.
used. see Section B of this chapter). When the correction coefficient Is not applied. Impossible rates are obtained.

b: Direct extrapolation for each ase group. applylna the correction coefficient even for 1970: see simple direct extrapolation (annex III) and extrapolation
to the Increase - or decrease -In activity rates. bY cohort (annex VII>.
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described here with the country's own official estimates.
The method used in making these estimates is described
below in the section B.l of this chapter, which outlines
methods involving correlation techniques. In it, corre
lations are computed and the results corrected to allow
for the probable incidence of such endogenous variables
as the prospects for female employment, school enrol
ment rates and pension systems. The differences in the
case of female activity rates are substantial but are less
marked in the case of the male rates, where, even if
they are significant in the youngest and oldest age
groups, they are slight for the adult age groups and
probably arise from the fact that the extrapolation
techniques used for the long-term projections yield
activity rates of very nearly 100 per cent in 1985. This
figure is, of course, a practical impossibility since there
will always be a small percentage of adult males who
are unable to work.

These comparisons show that the results obtained
by different projection techniques must be analysed
carefully, particularly when they fail to take account of
the potential effect of new economic or social factors in
future years (see section D of this chapter).

(e) An additional method: ratios of the activity rates of
contiguous age groups

Another method of extrapolation which has been
used to estimate activity rates is to calculate the ratios
of the activity rates of contiguous age groups. This
extrapolation is based on the concept that there is a
relationship between the activity rates of different age
groups which can be expressed in the form of a ratio.
On the curve of the sex-specific activity rates the age
group whose activity rate is relatively the most stable
is selected: for males this is generally an age group
near the midpoint of the curve, for females, the age
group selected as central will depend on the structure
of economic activity peculiar to the country in question.
Starting with this age group, the ratios of the activity
rates of pairs of contiguous age groups are calculated.
For example, if the 40-44 male age group is the one
selected, the ratio for the 35-39 age group will be
(35-39)/(40-44); for the 45-49 age groups (45-49)/(40-44),
for the age 50-54 age group (50-54)/(45-49), and so on.
The activity rates projection for Japan for 1960-1985
provides an example (see table 8 and annex VIII).

The first step is to calculate the ratios of contiguous
(adjacent) age groups and to determine whether they
have increased or decreased in an earlier period (1955
1960). An assumption is then made as to future changes
in the activity rate of the age group selected as the
central group. In the case of Japan, the age groups
selected were the 40-44 group for males and the 20-24
group for females. For these age groups activity rates
derived by indirect extrapolation were used: the rates
for 1985 were 98.8 for males and 75.2 for females
(see annex VIII). Next, the contiguous ratios for each
age group for the target year are computed. These
ratios are generally abstracted from models which
applied in the earlier period and, when possible, are
also adjusted to embody assumptions concerning socio
economic and demographic variables which might cause

changes in the proportions of the economically active
population. For the sake of simplicity, it is assumed
in table 8 (column 8) that the relative increase - or
decrease - in the ratios of contiguous age groups for
the projection period 1960-1985 would be the same as
that observed during 1955-1960.4 The ratio for each
age group at the beginning of the projection period is
then multiplied by the total observed increase - or
decrease - in order to project the ratios of the activity
rates of contiguous age groups to the target year of
1985. These ratios and the activity rates of the central
age group form the basis for the calculation of activity
rates for specific age groups for the target year. A linear
extrapolation is used to determine activity rates at
times between the initial year and the final year of
the projection period. This method has the same draw
backs as the extrapolation methods described earlier.

2. Methods of projection by extrapolation developed
by the International Labour Office

The ILO has prepared sex-age-specific activity rate
projections for the period 1960-1980 for twenty-three
regions of the world 6 and some of their component
countries. These projections were calculated on the
basis of trends reported between 1950 and 1960 for the
following age groups: 0-14, 15-19, 20-24, 25-44, 45-54,
55-64, and 65 and over. Separate projections were made
for the 1960-1970 and 1970-1980 periods. These pro
jections can be used by countries wishing to draw up
activity rate forecasts for those years."

An account follows of the methods used by the ILO
to calculate future regional activity rates and the way
in which these regional forecasts can be used to compute
future activity rates for a given country.

(a) The fLO method for regional projections
Three estimation procedures were applied concur

rently to determine activity rates for a given region.

4 Various assumptions can be used, depending on the specific
situation. For example, one reasonable assumption would take
the form of multiplying the increase - or decrease - of the
ratio for each age group by the number of times by which the
projection period is greater than the time interval of the base
period (see Economic Commission for Latin America, Poblacion
y mano de obra en Panamd 1950-1985, (preliminary version)
(E/CN.12/789, 1 August 1966). The projection contained in
annex VIII, in which the projection period 1960-1985 is divided
into two parts - 1960-1975 and 1975-1985- provides another
example. Changes for the period 1960-1975 are assumed to be
the same as those in 1955-1960, and changes for the period 1975
1985 the same as those in 1960-1975.

6 The twenty-three regions are identical with the United Nations
classification system. See United Nations Demographic Yearbook
1967 (United Nations publication, Sales No.: 68.xIII.1), p. 18.
The twenty-fourth region - Polynesia and Micronesia - has
been excluded for lack of proper data.

6 For a more detailed description of these methods see:
Ypsilantis, op, cit.; also "Methods of Estimation and Projection
of Labour Force Sex-Age-Specific Activity Rates", document
prepared by the International Labour Office for an inter-agency
meeting of experts on demographic projections (New York,
POP/SC/WP/6, December 1968); and J. N. Ypsilantis, "Projec
tions of Manpower Supply", discussion paper submitted to a
meeting of the International Statistical Institute on manpower
projections, held at London in September 1969.
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TABLE 8

Japan: projections of sex- and age-specific activity rates of the economically active population (1960-1985) by the method of activity rate ratios of contiguous age groups a

Actl.ity rates

Ratios of collJlguolUage groups IIIC1'ease (or decrease) IIlC1'ease Projected activity rates
Pro- III the ratios (UC1'ease)

Sex and age Observed Jected

1955 1960 1985 1955 1960 1985 1960/1955 = 1985/1960 1960-1985 5 years 1965 1970 1975 1980 1985

(1) (2) (3) (4) (5) (6) (7) (8) = (6) : (5) (9) = (4) - (3) (10) = (9) : (5) (11) (12) (13) (14) (15) = (4)

Males

15-19 . 52.1 50.7 49.5 0.61150 0.58410 0.55793 0.955192 -1.2 -0.24 50.5 50.2 50.0 49.7 49.5
20-24 85.2 86.8 88.8 0.90928 0.90416 0.89907 0.994369 2.0 0.40 87.2 87.6 88.0 88.4 88.8
25-29 93.7 96.0 98.8 0.98.527 0.98867 0.99208 1.003450 2.8 0.56 96.6 97.1 97.7 98.3 98.8
30-34 95.1 97.1 99.6 0.99269 0.99897 1.00529 1.006326 2.5 0.50 97.6 98.1 98.6 99.1 99.6
35-39 95.8 97.2 99.1 0.99895 1.00102 1.00309 1.002072 1.9 0.38 97.6 98.0 98.3 98.7 99.1
40-44 . 95.9 97.1 98.8 - - - - 1.7 0,34 97.4 97.8 98.1 98.7 98.8
45-49 95.5 96.7 98.4 0.99582 0.99588 0.99594 1.000060 1.7 0.34 97.0 97.4 97.7 98.1 98.4
50-54 . 93.8 95.1 96.9 0.98219 0.98345 0.98471 1.001282 1.8 0.36 95.5 95.8 96.2 96.5 96.9

..... 55-59 . 88.7 89.5 90.8 0.94562 0.94111 0.93662 0.995230 1.3 0.26 89.8 90.0 90.3 90.5 90.8
0\

60-64 . 81.5 81.9 82.8 0.91882 0.91508 0.91135 0.995929 0.9 0.18 82.1 82.3 82.4 82.6 82.8
65 and over 55.7 54.5 53.6 0.68343 0.66544 0.64792 0.973676 -1.1 -0.22 54.3 54.1 54.0 53.8 53.6

Females

15-19 48.3 48.9 53.5 0.72522 0.71491 0.70475 0.985783 4.6 0.92 49.8 50.7 51.7 52.6 53.5
20-24 . 66.6 68.4 75.9 - - - - 7.5 1.50 69.9 71.4 72.9 74.4 75.9
25-29 . 51.5 50.1 52.7 0.77327 0.73245 0.69378 0.947211 2.6 0.52 50.6 51.1 51.7 52.2 52.7
30-34 . 49.1 50.7 56.6 0.95339 1.01197 1.07415 1.061443 5.9 1.18 51.9 53.1 54.2 55.4 56.6
35-39 52.4 54.4 61.1 1.06720 1.07297 1.07877 1.005406 6.7 1.36 55.7 57.1 58.4 59.8 61.1
40-44 55.3 57.0 63.6 1.05534 1.04779 1.04029 0.992845 6.6 1.32 58.3 59.6 61.0 62.3 63.6
45-49 54.2 56.5 63.8 0.98010 0.99122 1.00247 1.011345 7.3 1.46 58.0 59.4 60.9 62.3 63.8
50-54 50.5 51.9 57.8 0.93173 0.91858 0.90562 0.985886 5.9 1.18 53.1 54.3 55.4 56.6 57.8
55-59 45.9 45.8 49.5 0.90891 0.88246 0.85678 0.970899 3.7 0.74 46.5 47.3 48.0 48.8 49.5
60-64 . 39.1 39.1 42.4 0.85185 0.85371 0.85557 1.002183 3.3 0.66 39.8 40.4 41.1 41.7 42.4
65 and over 21.1 61.4 23.5 0.53964 0.54731 0.55509 1.014213 2.1 0.42 21.8 22.2 22.7 23.1 23.5

• CompUlal:ioDs: (6) = (3) 35-39 age sroun : (3) 40-44 age grouP

(4) - (4) 40-44 aae group X (7) 35-39 age group
(3) 30-34 age group: (3) 35-39 age group

(7) = (6) X (8)(4) 35-39 _ I1'OUP - (7) 30-34 age group
(11) = (3) + (10)

(5) - (2) 35-39 age l1'Oup : (2) 40-44 age group (12) = (11) + (0)
(2) 30-34 age I1'OUP : (2) 35-39 age group (13) = (12) + (0)

etc. (14) = (13) + (10)



(i) The first estimate is made by multiplying the
activity rates of the region in 1960 by the weighted
average of the changes in the activity rates of the
component countries of the region in 1950-1960. The
application of this procedure to Temperate South
America is illustrated in table 9.

The sex-age-specific activity rates for the region in
1970 are projected on the basis of the trend thus
obtained. An example of the calculation is given in
table 10 (columns 3 and 4). This method assumes the
continuance in the future of the trends observed in
1950-1960 in all the component countries of the region;

(ii) The second estimate utilizesthe patterns of change
in activity rates observed in 1950-1960 in other regions
of the world which had reached, in 1960, almost identical
activity rates and similar levels of economic develop
ment. The changes in the average activity rates of these

other regions are calculated and then used to project
the activity rates of the region concerned. This second
approach is illustrated in table 11, which sets forth
the computed average change in activity rates in Japan,
Southern Europe and Southern Africa in 1950-1960.7

This pattern is then applied to the average observed
activity rates for 1960 for Temperate South America.
This procedure yields estimated activity rates for that
region in 1970 (for results, see table 10, columns 5, 6
and 7);

7 Decennial patterns of change in the activity rates of the
twenty-three regions of the world for 1950-1960, 1960-1970 and
1970-1980can be calculated from regional tables. See J. N. Ypsi
lantis, "World and Regional Estimates and Projections of Labour
Force", Sectoral Aspects of Projections for the World Economy;
First Interregional Seminar on Long-term Economic Projections;
Volume III: Discussion Papers, Elsinore, 14-27 August 1966
(United Nations publication, Sales No.: E.69.II.C.3).

TABLE 9

Temperate South America: estimates of regional patterns of change in male and female age-specific activity rates
according to the weighted patterns observed during 1950-1960

Sex and age grOU1l8 Total Argentina Chile Uruguay Paraguay

Males

Proportion oflabourforce in each age group

0-14. 100.00 54.32 22.99 8.87 13.82
15-19 . 100.00 63.51 22.43 6.90 7.16
20-24 . 100.00 62.52 24.56 7.46 5.46
25-44 . 100.00 66.98 20.78 8.29 3.95
45-54. 100.00 69.48 18.16 9.13 3.23
55-64 . 100.00 66.35 20.66 9.11 3.88
65 and over. 100.00 64.12 22.09 7.27 6.52

Pattern ofchange in activity rates 1950-1960

0-14. 120.68 121.62 84.75 121.17 176.47
15-19 . 95.22 96.13 91.53 96.85 97.14
20-24 . 99.51 99.36 99.77 101.00 98.26
25-44 . 100.12 100.26 99.79 100.11 99.49
45-54. 96.28 95.78 96.24 99.13 99.10
55-64 . 82.08 78.98 89.42 81.41 97.73
65 and over. 71.74 71.98 68.68 56.88 96.27

Females

Proportion of labour force in each age group

0-14. 100.00 59.47 19.50 9.75 11.28
15-19 . 100.00 67.89 20.28 6.76 5.07
20-24 . 100.00 65.25 21.99 8.05 4.71
25-44 . 100.00 63.45 21.33 10.55 4.67
45-54. 100.00 63.35 21.21 10.77 4.67
55-64 . 100.00 59.79 24.39 10.27 5.55
65 and over. 100.00 56.75 27.36 8.13 7.76

Pattern of change in acttvity rates 1950·1960

0-14. 75.93 70.21 61.68 116.13 96.05
15-19 . 105.14 113.86 79.34 99.40 99.30
20-24 . 98.26 99.62 90.69 104.36 112.00
25-44 . 108.48 116.09 82.39 114.65 110.36
45-54. 87.63 87.82 75.91 104.55 99.40
55-64 . 78.66 79.75 68.50 84.63 100.60
65 and over. 80.23 95.95 54.18 52.20 86.53

- 17 -



TABLE 10

Temperate South America: projections of sex-age-specific activity rates for 1960·1970

Ratio changes Ratio changes estimate ofactivity
Age Regional rates of countries First estimate of selected rates based on raio Second estimate Third estimate

group In 1960 (1950-1960) "
of activity rates regions b

changes ofselected of activity rates b ofactivity rates C

regions

(l) (2) (3) (4) = (2) X (3) (5) (6) = (2) X (5) (7) = [(4) + (6)] : (2) (8)

Males

0-14 2.42 120.68 2.92 59.68 1.44 2.18 2.10
15-19 69.84 95.22 66.50 85.91 60.00 63.25 63.24
20-24 91.03 99.51 90.58 97.24 88.52 89.55 89.54
25-44 97.25 100.12 97.37 99.99 97.24 97.31 97.75
45-54 91.52 96.23 88.12 99.11 90.71 89.42 89.51
55-64 69.10 82.08 56.72 97.16 67.14 61.93 62.21
65 and over 41.03 71.74 29.43 83.55 34.28 31.86 31.82

Females

0-14 0.96 75.93 0.68 61.36 0.59 0.64 0.63
15-19 30.38 105.14 31.94 101.85 30.94 31.43 31.41
20-24 37.40 98.26 36.75 112.95 42.24 39.47 39.47
25-44 25.33 108.48 27.48 109.80 27.81 27.63 27.73
45-54 18.93 87.63 16.59 111.27 21.06 18.81 16.92
55-64 12.18 78.66 9.58 108.86 13.26 11.41 11.39
65 and over 5.89 80.23 4.73 92.05 5.42 5.06 4.98

" Weightedaverage (see table 9). C Aggregateof projections of component countries (see tables 13 and 14).
b Japan. Southern Europe and Southern Africa for males; Southern Europe for

females(see table 11).

TABLE 11

Pattern of change in male and female age-specific activity rates in selected regions: 1950-1960

Males
Age group

Females

Total" Japan Southern Europe Southern Africa Total Japan Southern Europe Southern Africa

Regional composition of the labour force in 1960

0-14 100.00 6.58 82.58 10.84 100.00 5.57 86.78 7.65
15-19 100.00 39.20 50.89 9.91 100.00 53.27 39.55 7.18
20-24 100.00 42.95 48.46 8.59 100.00 56.97 37.30 5.73
25-44 100.00 41.17 51.87 6.96 100.00 57.90 37.81 4.29
45-54 100.00 37.76 56.70 5.54 100.00 58.12 38.64 3.24
55-64 100.00 39.99 54.97 5.04 100.00 58.13 39.15 2.72
65 and over 100.00 42.00 53.31 4.69 100.00 57.07 41.21 1.72

Patterns of changes observed during 1950-1960

0-14 59.68 133.33 55.08 50.00 n.a, b n.a. 61.36 n.a.
15-19 85.91 81.41 88.67 89.56 n.a. n.a, 101.85 n.a,
20-24 97.24 97.13 97.00 99.05 n.a. n.a. 112.95 n.a,
25-44 99.99 100.82 99.42 99.34 n.a, n.a, 109.80 n.a,
45-54 99.11 100.84 97.93 99.30 n.a. n.a. 111.27 n.a.
55-64 97.16 102.09 93.55 97.34 n.a. n.a. 108.86 n.a.
65 and over 83.55 97.35 73.27 76.73 n.a, n.a. 92.05 n.a.

" The total pattem of changeIn activity rates 1950-1960 Is tbe weightedaverage of
the regtonal changes.

18
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(iii) A third estimate of the activity rates of the region
is obtained by computing the average activity rates for
1970 from the individual weighted rates for each of the
countries for that year. These rates are shown in
tables 12, 13 and 14 and projections for the region as
a whole for 1970 in column 8 of table 10.

In general, the same procedure is applied to determine
the regional sex-age-specific activity rates for 1980:
the 1960 and 1970 figures for activity rates and economi
cally active population in each of the component coun
tries of a region provide the basic data for all three
estimation methods described earlier. In the second
estimate regional patterns of change for two periods,
1950-1960 and 1960-1970, are taken into account.
The regional activity rates for 1965 and 1975 are
derived by first fitting curves to the 1960 basic data
and to the 1970 and 1980 projected sex-age-specific
activity rates for each of the component countries of
the region and then aggregating the results to obtain
a regional average.

(b) National projections
Projections of national sex-age-specific activity rates

for 1960-1970 are produced by linking national activity
rates to regional patterns of change in activity rates.
The regional patterns of change for 1950-1960 are
used as models for patterns of change in the level of
sex-age-specific activity rates over a ten-year period.
The selection of regional models to be used for projecting
the activity rates of a given country is made primarily
on the basis of: similarity of the country's level of

economic development to that of the models at the.
base date - 1960; similarity of the sex-age-specific
activity rates at the base date - 1960; and similarity
in the trends of these levels during 1950-1960. The
national values so computed are plotted on a graph
depicting the twenty-three regions. The nearest region,
or cluster of regions, to the country's position on the
graph are selected as the most plausible models. Their
plausibility is further tested by projecting the national
activity rate for 1950-1960 and comparing the findings
with the known data for 1960. Other things being equal,
the geographical region within which the country
falls is usually selected for linkage and projection of the
national sex-age-specific activity rates; the figure
opposite illustrates the application of the procedure to
the countries of temperate South America.

The projection of activity rates in a country is obtained
by linking the national data to the corresponding sex
age-specific regional data. The formula used for the
projection is:

Rtl
- X ne = nel
Re

in which R represented the regional rates (model), n the
national rates (country), t the beginning of the projection
period (1960) and tIthe end of the projection period
(1970). The national activity rates for a given sex-age
group at the beginning - 1960 and at the end - 1970 
of the projection period are plotted on a graph together
with the activity rates of the model (region) for the
same sex-age group; the national activity rates are

TABLE 12

Chile: projections of activity rates, 1960-1980, calculated by the extrapolation method of the International Labour Office

Regional" activity rates Activity rates In Chile

Age group Interpolated
Observed Projected Ratio: Observed Projected
(1960) (1980) Increase or decrease (1960) (1980) (1965) (1970) (1975)

(J) (2) (3) (4) = (3) : (2) (J) (6) = (5) (4) (7) (8) (9)

Males

0-14 2.5 1.5 60.0 2.3 1.2 2.0 1.8 1.5
15-19 70.4 65.0 92.3 61.1' 56.9 60.5 59.3 58.1
20-24 92.2 86.0 93.3 91.6 85.5 90.1 88.5 87.0
25-44 97.5 97.0 99.5 96.9 96.9 96.9 96.9 96.9
45-54 91.7 93.0 101.5 90.0 92.1 91.2 91.5 91.8
55-64 67.4 65.0 96.4 80.6 77.8 79.9 79.2 78.5
65 and over 40.4 30.0 74.3 51.4 38.2 48.1 44.8 41.5

Females

0-14 1.0 0.7 70.0 0.7 0.4 0.6 0.5 0.4
15-19 30.1 30.0 99.7 23.5 24.7 23.8 24.1 24.4
20-24 37.8 40.0 105.8 32.4 35.5 33.2 33.9 34.7
25-44 25.8 30.0 116.3 24.4 28.8 25.5 26.6 27.7
45-54 19.5 23.0 117.9 20.4 23.8 21.2 22.1 23.0
55-64 12.4 12.0 96.8 15.3 14.7 15.1 15.0 14.9
65 and over 5.1 4.0 78.4 7.9 6.0 7.4 7.0 6.5

• Temperate South America: ArllClltina. Chile. Paraguay and Uruguay.
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TABLE 14

Temperate South America: projections of population, labour force and activity rates, by age group to 1970 (mid-year)

FEMALES

Age group
Area Source Total

0-14 15-19 20-24 25-44 45·54 55-64 65 andover

Population (thousands)

Argentina . 1970 11,912.5 3,372.9 1,068.5 976.9 3,210.7 1,321.4 1,038.3 923.8
Chile .. 1970 5,048.0 1,958.0 497.0 430.0 1,215.0 413.0 283.0 252.0
Paraguay 1970 1,168.7 507.5 128.0 104.4 259.0 75.5 51.0 43.3
Uruguay 1970 1,448.0 400.0 117.0 108.0 400.0 166.0 127.0 130.0

TOTAL. 1970 19,577.• 6,238.4 1,810.5 1,619.3 5,084.7 1,975.9 1,499.3 1,349.1

Labour force (thousands)

Argentina. 1970 2,045.9 22.6 374.2 409.0 864.3 231.0 104.1 41.1
Chile .. 1970 742.1 8.8 121.0 147.7 323.1 83.9 40.7 17.1
Paraguay 1970 197.4 5.3 37.4 36.6 84.5 19.9 9.8 3.9
Uruguay 1970 283.9 3.9 36.0 45.8 138.3 39.1 16.1 4.8

TOTAL. 1970 3,269.3 40.6 568.6 639.1 1,410.2 373.9 170.7 67.2

Activity rates

Argentina. 1970 17.17 0.65 35.02 41.87 26.92 17.48 10.03 4.48
Chile. 1970 14.70 0.44 24.35 34.25 26.59 20.32 14.38 6.79
Paraguay . 1970 16.89 1.04 29.21 35.08 32.63 26.41 19.16 8.97
Uruguay 1970 19.61 0.95 30.79 42.43 34.57 23.54 12.68 3.67

---
TOTAL .•. 1970 16.70 0.63 31.41 39.47 27.73 18.92 11.39 4.98
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then derived by fitting to the national data a curve
similar to that yielded by the model. The result of this
extrapolation in the case of Chile is shown in table 12.

In certain cases, particularly when computing activity
rates for the female population, the national data may
be extrapolated on the basis of more than one regional
model. Female activity rates for Chile, for example,
were projected by linkage to the projected trends of
two regions, a national curve being plotted at one
fourth of the distance between "temperate South
America" and "tropical South America". A similar
procedure was followed when the levels of activity
rates and economic development were more closely
paralleled by those of another region than by those
observed in the geographical region in which the
country was situated. Again, activity rates computed
by the above procedure may be further adjusted if
adequate data, such as data on urban and rural popula
tion, intercensal surveys, or information on economic
development changes, educational policy and future
pension policy are available.

The projected national sex-age-specific activity rates
for 1970 obtained by the above procedures are then
applied to the population projections for the countries
concerned in order to derive the number of economically
active persons in each sex-age group. The tabulations
for temperate South America and its component
countries are shown in tables 13 and 14; experience
in using data for the twenty-three geographical regions
as models has shown their usefulness." There is evidence,
however, that a reclassification of individual countries
into a certain number of model groups - irrespective
of their geographical situation - on the basis of the
similarity of the demographic, economic and other
relevant factors which affect their activity rates would
provide more refined results than those obtained with
the present United Nations classification method.

B. CORRELATION METHODS

Some of the extrapolation methods described above
can be used if statistical data are available which record
the pattern of sex-age-specific activity rates observed
in the past and from which fairly consistent trends
emerge. Naturally, even in such cases it may be desirable
to introduce adjustments for those age groups whose
activity rates are liable to be affected by specific develop
ments which are known or can be anticipated, such as
changes in the compulsory education age range. In
many developing countries, however, the proportions
of economically active persons of both sexes in each age
group cannot be projected into the future on the basis
of trends observed in the past, owing to the absence or

8 Inverse activity rate projections carried out with a view to
"predicting" 1950 rates from 1960 data show that the average
error with this method is less than 2 per cent for a decennial
projection of patterns of change in the economically active popu
lation, as compared with 10 per cent or more when activity rates
are assumed to be constant.

inadequacy of comparable historical data. Another
possible approach is to employ regression analysis.
Its use requires that consideration first be given to
whether the data for the regions - or zones or districts
- of the country indicate a close relationship between
the activity rates and certain characteristics of economic
and social development, or whether the estimate of
future activity rates can be compared with the data of
another country or other countries: the advantage of
the former method is that it is based solely on the
data for the country concerned; the second method can
be used where the other proves unsuitable.

Methods of this kind have been used for the man
power projections recently prepared for certain countries
by the United Nations and the specialized agencies,
and by other research organizations and institutes.
Some of them are described below.

1. Method based on the existence of correlations between
the activity rates of the population and specified
characteristics of economic development in various
regions of a country

The different stages of economic development
obtaining in individual geographical regions of a par
ticular country at a given time gives some idea of the
dynamic and changing effect of the economic develop
ment process on the activity rates of various population
groups. For this reason the future trend of the activity
rate of the country as a whole is assumed to follow a
pattern similar to that of the activity rates of the various
regions of the country, measured from the least
developed to the most developed.

(a) Example of projections of labour supply for Central
America, Panama and Mexico, 1950-1980 9

The basic assumption is that there is a close relation
ship between a country's level of industrialization and
the sex-age-specific activity rates of its population.
Since the development of industry is unequal in different
regions of the country, the regional activity rates are
necessarily different. In order to measure this correlation
quantitatively, means must be found to measure the
level of industrialization. It was accepted that the rate
of industrialization is correctly represented by the
proportion of the economically active population
engaged in non-agricultural occupations. Accordingly
the relationship between that rate and the sex-specific
activity rates was analysed (see table IS). The correlation
coefficient thus obtained is significant, the correlation
being positive for females and negative for males.

The rates of industrialization which should be
attained in 1980 were then selected for each country.
Sex-specific activity rates for 1980 were computed from
the results obtained by the analyses set out above.
These activity rates were then distributed by age,
assuming the continuance of the 1950 ratio of the

9 Human Resources of Central America, Panama and Mexico,
1950-1980, in relation to some aspects of Economic Development
(United Nations publication, Sales No.: 60.XIII.1).
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TABLE 15

Correlation and regression coefficients for economically active
proportion of the population, by sex, in relation to level of
industrialization in selected Central American countries, Panama
and Mexico (1950)

Correlatton
Regression equations b

Country and sex' y = a-bx
coefficient yl = a1 + b1x

Costa Rica
Males -0.71 y = 95,188 - 0.100 x
Females. +0.96 yl = 4,310 + 0.251 x

El Salvador
Males -0.74 y = 87,650 - 0.093 x
Females. +0.92 yl = 3,276 + 0.356 x

Guatemala
Males -0.46 y = 80,220 - 0.70 x
Females. +0.76 )'1 = 4,812 + 0.182 x

Nicaragua
Males -0.88 y = 99,410 - 0.138 x
Females. +0.72 yl = 6,680 + 0.234 x

Panama
Males -0.88 y = 83,592 - 0.101 x
Females. +0.88 yl = 8,397 + 0.226 x

Mexico
Males -0.86 y = 93,434 - 0.139 x
Females. +0.76 yl = 4,010 + 0.189 x

SOURCE: Human Resources of Central America, Panama and Mexico, 1950-1980,
in relation to some Aspects of Economic Development (United Nations publication,
Sales No.: 60.XIII.l>.

• In Costa Rica and Mexico the economically active percentage of the population
is the male or female population of 12 years and over; in EI Salvador and Panama,
of 10 years and over; in Nicaragua. of 14 years and over; and in Guatemala, of 7 years
and over.

b Explanation of symbols: y = percentage of economically active males; yl = per
centage of economically active females; and x = percentage of population engaged
in non-agricultural occupations. The data for these percentages were computed by
provinces or departments in the 8l'Ccitied Central American countries, of Panama,
and by states in Mexico, and were taken from the 1950 population censuses of the
respective countries.

activity rates of each age group to the activity rates for
the total population of each sex. Next, adjustments were
then made for young people in the 10-14 and 15-19 age
groups, and for persons aged 65 and over, to take
account of the probable decline, in relation to the first
estimate, in the future activity rates for those age groups.
For the other age groups, however, the results of the
computation were regarded as valid.

A number of comments on the value of this method
are called for:

(i) The rate of industrialization cannot be clearly
distinguished from the activity rate of the
population. Auto-correlation is not excluded;

(ii) The use of the square of the correlation coefficient
(r2) to indicate the percentage of the variance
explained by the correlation is not very satisfac
tory except in a limited number of cases, namely,
females in Costa Rica and El Salvador (r2 = 0.92
and 0.85 respectively); for males in Nicaragua
and females in Panama r 2 is only 0.78. For other
population groups studied results range from 0.5
to 0.6. Lastly, for males in Guatemala r 2 is only
0.21. Hence the explanatory value of the corre
lations is average or weak;

(iii) The parameter b or b', according to sex, is in
dicative, in the regression equation shown in
table 15, of the intensity of the action of the
explanatory variable on the explained variable.
This parameter is moderately significant for
females but it is nearly always very weak for
males.

(b) Projection of the economically active population of
Japan, 1965-1985 10

A generally similar method was applied in the case
.of Japan, but there the analysis was more precise, with
greater age group detail. The first step was a relatively
detailed analysis of activity rate trends observed in the
past. This analysis showed that industrialization, like
increases in per capita income and other indicators of
rising levels of living, tended to be associated with
decreasing rates of economic activity. Social and
institutional changes which may contribute to changes
in activity rates were also taken into consideration and
account was taken of the possible effect of aggregate
labour demand in relation to a given target to be
attained at the end of the projection period. After this
comprehensive study of the trends observed in the
past and of possible future determinants of manpower,
regression analyses were used. The percentages of
non-agricultural workers, i.e. the numbers employed
in the secondary and tertiary sectors, were regarded as
independent variables, and the sex-age-specific activity
rates as the dependent variables. The regression equa
tions were based on 1960 data for the forty-six adminis
trative districts (prefectures).

It was anticipated that during the projection period,
1965-1985, the proportion of the labour force engaged
in agriculture would diminish by about 60 per cent,
falling from 32.5 per cent in 1965 to 13 per cent in
1985, and the estimates of activity rates for 1985 were
made on the basis of this fundamental assumption. The
values for the intermediate years were obtained by
linear interpolation. However, in order to show the
possible range of variations in future activity rates,
three variants were prepared: variant A, based on
constant activity rates at the levels recorded in the 1965
census; variant B, calculated by averaging variants A
and C; and variant C, based on the assumption described
above. The last variant was regarded as being the most
plausible. It is interesting to note that it assumed a
substantial reduction in activity rates, especially among
females (see table 16).

2. Correlation applied to observed
differences between countries

When it is not considered desirable to make projec
tions by the methods described above or to use extra
polation methods because the trends observed in the
past do not give an accurate picture of the evolution
of the labour force, a substitute method can be used:
it is based on the relationship between activity rates

10 Japan, Institute of, Population Problems, op. cit.
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+0.64
+0.62
+0.86
+0.82

-0.87
-0.94
-0.54

-0.77
-0.46
-0.70
-0.79

and certain economic and social variables which are
assumed to have an effect on future rates of economic
activity, particularly among young people and those in
the older age groups. In order to prepare manpower
projections for the Philippines;'- for example, data
from some thirty countries were examined with a view
to measuring by correlation coefficients the association
between:

(a) The age-specific activity rates for males in the
youngest and oldest age groups, and the percentages
of the male labour force engaged in agriculture. The
results were as follows:

Males 10-14 years
Males 15-19 years
Males 55-64 years
Males 65 years and over

(b) The age-specific activity rates for males in these
age groups and the percentage of the population 10 years

11 Population Growth and Manpower in the Philippines, a joint
study by the United Nations and the Government of the Philip
pines, 1960 (United Nations publication, Sales No.: 61.XIII.2),
pp. 19-23 and 54-66.

of age and over who were literate. The results were as
follows:

Males 10-14 years
Males 15-19 years
Males 55-64 years
Males 65 years and over

(c) The male and female activity rates for the young
est age groups and the percentage of persons in those
age groups who were attending school. The results
were as follows:

Males 10-14 years
Males 15-19 years
Females 10-14 years

(d) The activity rates of young persons and the
combined factors of school attendance and degree of
industrialization (as measured by the percentage of
active males in agriculture). The results were as follows:

Males 10-14 years +0.89
Males 15-19 years +0.94
Females 10-14 years +0.63

Thus negative correlations were found between school
attendance and activity rates in the young age groups,
and also between literacy and the sex-age-specific
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Xl = 42.20 + 156 X2 - 0.488 Xs
Xl = 89.68 + 0.026 X2 - 0.812 Xs
Xl = 6.34 + 0.072 X2 - 0.071 Xs

Y = 79.75 + 0.178 X

Y = 28.33 + 0.684 X

activity rates. On the other hand, fairly high positive
correlations were found between the importance of
agriculture as a field of employment and activity rates
for all the age groups tested. The multiple correlation
coefficients between the activity rates of young persons
and school attendance combined with the degree of
industrialization were very significant for boys and
adolescents of the two age groups 10-14 and 15-19,
and were fairly high for girls aged 10 to 14. The
regression equations used to estimate future activity
rates were therefore based on the association with
prospective changes in the percentage of the labour
force engaged in agriculture in the case of males in the
age groups 55-64 and 65 and over, and on the percen
tages attending school and engaged in agriculture, in
the case of males in the 10-14 and 15-19 age groups
and females aged 10-14.12 The regression equations
are given below:

Males 10-14 years
Males 15-19 years.
Females 10-14 years .
Males 55-64 years. .
Males 65 years and over

In these equations Xl represents the percentage
economically active in the given age group; X2 the
percentage of economically active males engaged in
agriculture; X s the percentage in the given age group
attending school; Y the percentage economically active
in the given age group; and X the percentage of econo
mically active males engaged in agriculture.

The results obtained were then adjusted as follows:
(a) For males under 20 years (10-14 and 15-19 years)

and for females under 15 years, the activity rates were
projected by means of a multiple regression equation,
bearing in mind the probable future trend of school
attendance and industrialization. The percentages of
young people attending school were projected to the
target year on the basis of trends observed in the past.
Since a high level of school attendance (among young
people 10-14 years) already obtained at the beginning
of the projection period, it was assumed that the rate
of increase would slacken. For adolescents, the 15-19
year group, it was assumed that the past rate of increase
would be maintained;

(b) For males aged 20 to 24, it was assumed that the
proportion of those attending school at the beginning
of the projection period would increase in the future
at the same rate as that of the 18-19 age group in the
previous two decades. That assumption was made
because of the lack of international data on school
attendance for the 20-24 age group and because of the
absence of a close association between the activity
rate and the degree of industrialization;

(c) For males aged 25 to 55, it was assumed that the
activity rates would remain constant until the end of

12 For males over 55, the trend of school attendance is not
applicable, so that the regression equation was limited to the
association between percentages of the labour force and industriali
zation.

the projection period, owing to the relative stability
of the activity rates of males of these age groups, as
shown by the national census data and the data of
other countries;

(d) For females over 15 years, no close correlation
was found between their activity rates and industriali
zation or school attendance. Consequently, it was
assumed that the activity rates of females of all ages
over 15 would remain constant until the target year, in
both urban and rural sectors;

(e) The industrialization trend is measured by the
percentage of the labour force engaged in agriculture,
and this was assumed to fall slightly - from 68.8 to
67.3 per cent - during the first five years of the pro
jection period (1957-1962), which in fact represents a
very moderate rate of industrialization. For the latter
part of the projection period, a slightly more rapid rate
of industrialization was adopted: it was assumed that
the percentage of the labour force engaged in agriculture
would fall to 65.3 per cent in 1967, to 62.8 per cent in
1972 and 59.7 per cent in 1977. The assumptions used
in this projection were arbitrary and a different assump
tion might have been adopted for nearly every part of
the projection period, with somewhat different results.

C. MATRIX REPRESENTATION
OF FUTURE LABOUR FORCE TRENDS

Matrix computation enlarges the scope of population
projection work, since it enables the combined action
of different factors which may affect the evolution of
the population to be assessed; a large number of vari
ables can be introduced. Hence such procedures can be
very useful in projections of the economically active
population, which are influenced by a large number of
factors. Nevertheless, while the method is obviously
useful, its limitations must be clearly understood: the
method is merely a helpful technical device for making
the computations for a projection of the economically
active population. The value of the computations
depends, however, on the assumptions made as to the
various factors which play a role in the evolution of
the economically active population. Matrix computation
in no way helps to define these assumptions; it simply
makes it possible better to determine their effect on the
numbers of the population seeking employment.

The principles of this new technique and methods
for applying it will be described by reference to an
example: that of the projection of labour supply in
Mexico for 1965-1985.13 This projection was made by
sex and by age, a distinction being made between the
urban and rural economically active populations.

In view of the constraints of the method in question,
the inactive population, including children, must also

IS .This example is taken from the study by L. Tabah,
"Representations matricieUes de perspectives de population
active", Population, No.3, May-June 1968, pp. 437-476.
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be estimated and distributed between the urban and
rural populations. The model represents the total popu
lation and shows its evolution at all ages; it must there
fore allow for future births.

Before the types of assumption needed for the func
tioning of the model, and its principles and operation
are described, the meaning of the symbols used must
be given: the number of males of age x, economically
active and urban, at the beginning of the projection,
will be denoted by tvx; m; a; u. To represent the
number of females, it is sufficient to replace m by f.
To denote the inactive, i is substituted for a, and to
denote the number of rural workers, r is substituted
for u. The time reference is represented by the letter t
placed before the letter n.

1. Basic assumptions

(a) Probabilities of accession to and separation from
activity or inactivity

These probabilities, represented by the sign e, were
established on the basis of information derived from
population censuses according to the following formulae,
in which ax represents the activity rate at age x for the
base year:

Probability of accession to activity:

e _ ax+! - ax
t,a - 1 - a::r;

Probability of separation from activity:

e ax - aX+l
at =, ax

Probability of non-separation from inactivity:

e _I-ax+!
a,i - 1 -ax

Probability of non-separation from activity:

e _ ax+!
a,a - ax

(b) Probabilities of migration

The probabilities of migration, represented by the
symbol IL, were calculated as between urban and rural
areas and by sex, but without using differential migration
rates, which show whether persons were active or inactive
in their areas of origin before migration. These calcula
tions were prepared on the basis of census results.

(c) Probabilities of survival

The probable survival ratios were calculated in the
urban and rural areas, without allowing for differential
mortality depending on active and inactive status but
assuming that migrants were' subject to the pattern of
mortality of the area form which they came. These
probabilities are represented by the symbol P.

(d) Probabilities of births

Births during the projection period must be calculated
because the method projects the evolution not only of

the active population, but also of the inactive popula
tion. No differential fertility, depending on whether
the women are active or inactive, was assumed, However,
births must be distributed between future births to
urban and rural, migrant and non-migrant women, and
they must be distributed by sex. A calculation of this
type, applied to urban females in a five-year projection
of the Mexican population in 1960-1965, is cited here
as an example.

The number of births of both sexes to urban females
in the age group x to x + 4 during the year 1960 can
be estimated by the following formula, in which fertility
is represented by the sign cp :

(607) x, x + 4;f; u) . (60 cp x, x + 4; u).

This is only an approximation, because it is the number
of urban women of age x, x + 4 at 30 June 1960 which
should have been multiplied by 60 cp x, x + 4; u. Births
to urban women not emigrating during the whole
projection period, in the absence of mortality, amount to:
(607) x, x + 4;f; u)· (IL x, x + 4;f; u, u)· (60 cp x, x + 4; u).

The number of births at the end of the period, i.e, in
1964, in this group of women can be estimated by the
following formula:
(607) x, x + 4;f; u)· (P x, x + 4;f; u)'

(IL x, x + 4;f; u, u) . (65 cp x + 5, x + 5 + 4; u)

This, too, is only an approximation, because it is
the number of urban women who have not emigrated
and who, by 30 June 1964, formed the age group
x + 4, x + 4 + 4 which should have been multiplied
by rate 60 cp x, x + 4, x + 4 + 4 to find the births in
this group during the year 1964. Thus the average
annual number of births between 1960 and 1964 can
be estimated as the arithmetic mean of the last two
expressions:

1/2 [(607) x, x + 4;f; u) (IL x, x + 4;f; u)]

[(60cp x,x + 4; u) + (65cpx + 5 + 4;u)(P x,x +4;f; u)].

To obtain the total number of births during the five
years of the period for the same group of women, this
quantity is multiplied by 5; then, to obtain male births
alone, the sex ratio k is applied. To estimate the number
of boys surviving on 1 January 1965, for example, it
is sufficient to apply the projected male survival ratio
for urban populations.

2. Principles of the matrix

The purpose of the matrix is to represent either
entries through birth or expected future movements
for each sex as between the economically inactive and
active populations, and the urban and rural popula
tions, or the expected movements within each of these
groups on account of aging. In projecting these move
ments, the degree of detail as regards the ages of the
population can be varied: in table 17, in order to
simplify matters, only three age groups were used.
Since there are three criteria - sex, active or inactive
status, and urban or rural residence, there are eight
possible initial situations, if age is not taken into con-
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TABLE 17

Projection of the economically active population by sex and age with migration to and from rural and urban areas

Initial situation

Active
urban
males

2 3 4

Inactive
urban
males

5 6 7

Active
urban

females

8 9 10

Inactive
urban

females

11 12

Active
rural
males---13 14 15

Inactive
rural

females

16 17 18

Active
rural

females

19 20 21

Inactive
rural

females

22 23 24

Vector
describing
the Initial
situation

1

Sub
vectors

1
ONm ; a; uOn2; m;

on3; m;

o-r, m; a; u }

a; u

a; u

M8
1M7

1m~6 M~

m17
3

m~3 M~

m14
3

M 4
1M3

1M2
1

m5
3

m4
2Ml

m2
3

m1
2

1

2

3
(

Active
urban
males

()Nm; i; Iton2; m;

on3; m;

o-r, m; ~; u )

r; u

i; u

m~2 m~3 m~4

M~

m~9 miomil
M~m;6 Mg

m17
6

m;3 M~

m14
6

m~O m~1 m~2

M~

m~ m: m~

M~M2
2

m5
6

m4
5m; M~

m2
6

4

5

6

Inactive (
urban
males

Inactive (
urban
females

Active (
urban
females

It

It

()Nf; i;

ONm ; a; r

()Nf; a;
a; u )
a; u

a; u

~; u}
I; U

i; u

on3; m; a; r

on2; m; a; r

o-i, f;

o-z. f;

o-s. f;

0"1; m; .; r }

o-i , f;

o-z. r.
On3; f;

M8
I)

m22 ..,23 m24
10 "'10 10

mii M:
m23

12

m~2 Mg
m23

9

m~9 M~

m20
2

miX mig mit
ml~ M~

m20
12

M7
5mt: M~

m17
15

M~

MgM~

m}:Mg

m14
15

M~

M 4
5

mtg mtA mt5

mty M~

mll
12

m~O M~

mll
9

M 3
5

m~ M~

~

mio m~o m~o

mil M~
m~2

M 2
3

M 2
4

mt4 M~

m~5

M 1
3

M~

m14 M;
mi5

7

8

9

13

14

15

10

11

12

(
Active
rural
males

~.s
~
~

~
I\>

~
::::
.~

.§
~

Inactive (
rural
males

16

17

18

mh MA
m2

18

mt7 M~

m~8

mill m~6 m~6

M~

mig miA mi~

M 4
6 mi~ M~

m14
18

ml~ Mg
m17

18

ml~ mig miA
M~

mi~ mi: mit
M8

6

o-i, m; ~; r }
on2; m; I; r

on3; m; i; r

()Nm; i; r

a; r()Nf;

a; r

.; r }
a; r

o-r. f;

o-z. r.
o-s. f;

m~5 M~

m23
21

m~8 M~

m20
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M6
7M5

7m~g M~

mll
21

m~O M~

m~1

M2
7M~

19

20
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Active (
rural
females

Inactive (
rural
females

22
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24
M~ M~

m~2 m~2 m~2

m~3 M~

~4

m~g mU m~~

m~g M~

mll
24

M 5
8 M~

m~~ m~g m~~

m~~ M~

m20
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m~~ m~~ m~~

m~~ M~

m23
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onl; I;

Qn2; r.
OR3; f;
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sideration.P Each initial situation is expressed by a
vector (see penultimate column of the table). To com
plete this initial structure, the vector is pre-multiplied
by a square matrix containing the same number of
rows and columns as the vector, i.e. eight, since there
are eight possible situations. The matrix is divided into
64 sub-matrices. Each of them can be expressed by the
formula Mi, in which i denotes the final situation and
j the initial situation. Age is not taken into account at
this stage of the construction of the matrix. If, for
example, three age groups are used, the number of
sub-matrices becomes: 24 x 24 = 576.

Each sub-matrix represents movement from one of
the eight possible initial situations - for example,
active urban males - for a given age group - say,
group I - either to the next age group in the same
situation or to a different situation (such as transfer
of active urban males into the inactive urban males
group). Such movements are not possible, of course,
to every block in the matrix: for example, there c\n be
no transfer of urban active females into the urban
actives males group, which would literally represent a
change of sex. Of the 576 theoretical possible sub
matrices of table 17, only 112 can be filled in. They fall
into three groups:

(a) Forty-eight sub-matrices correspond to entries
into the population, i.e. births. These births derive from
the four female groups: urban and rural females,
active and inactive. The births are distributed among
four possible groups, namely, males and females, urban
and rural, all necessarily being inactive, since they are
children;

(b) Sixteen sub-matrices record simple age shifts
within individual active groups: m~, m~, m~: and m~~

for movement from age group 1 to age group 2, and
m~, m~, m~t and m~~ for movements from group 2 to
group 3. In the inactive groups, sub-matrices mt, m~,

mg, mU, m~~, m~~ and m~: represent the same age shifts;
(c) Sixteen sub-matrices represent changes as between

inactivity and activity within either urban or rural
areas:

Transitions from inactivity to activity:
m~, mg, mIg, ml~, m~~, m~~, m~~, m~~;

Transitions from activity to inactivity:
mg, m~, mIl, ml~' m~~, m~~, m~~, m~~;

(d) Thirty-two sub-matrices correspond to migra
tions from and to rural and urban areas. Some of these
migrations are combined with changes in activity status,
when migrants at the same time move out of inactive
into active status or vice versa:

a. The following sub-matrices represent migrations
without change in activity status: mIl, mIE, ml~' mIg,
m2b, m2I' m~g, m~l, ml~, ml:, ml~, mIl, ml~, m2g, mii, mi~;

b. The remaining sub-matrices represent migration
movements from and to urban and rural areas with an

14 If we distinguish three age groups, as is done in table 17,
there are twenty-four possible starting-points.

accompanying change in activity status: ml~' ml~' ml~'
5 7 8 ro n U U M " W ~ m~m15, m2g, m24, m20, m21, m 5' m 6' m 2, m g, mn, m12, 8'

m23
g.

In practice it is not very likely that some of the situa
tions represented will occur-that active urban males,
for example, will become active rural males, since the
movement is generally in the reverse direction (ml~' ml~)'

On the other hand, the sub-matrices mIg and ml~, which
record the drift of agricultural population to towns,
are of very great practical importance.

3. Computation 0/ the components 0/ the matrix

The example used will again be the population of
Mexico, broken down into five-year age groups and
distributed by sex, urban and rural segments of the
population, and economically active and inactive
segments of the population. The way in which the
formulae are constructed when this structure is to be
moved forward in five-year stages is explained below.
The meaning of the symbols used is given first:

601) x, x + 4;/; a; u is the number of active urban
females of age x, x + 4 in 1960;

601) x, x + 4;/; a; r, the number of active rural
females of age x, x + 4 in 1960;

601) x, x + 4;/; i; u, the number of inactive urban
females of age x, x + 4 in 1960;

601) x, x + 4;/; i; r, the number of inactive rural
females of age x, x + 4 in 1960;

60 ~ x, x + 4; U and 65 ~ x, x + 4; U are the fertility
rates from age x to age x + 4 in urban areas in 1960and
1965, no allowance being made, for lack of observed
data, for differential fertility depending on activity
status; the introduction of this factor would not,
however, give rise to any difficulty;

60 ~ x, x + 4; rand 65 ~ x, x + 4; r, are the same
rates for rural areas;

Px, x + 4;/; u and Px, x + 4;/; r are the probable
survival ratios in urban and rural areas in 1960-1964
for females between the ages of x and x + 4 at 1 January
1960; here again no allowance is made for differential
mortality depending on activity status, although this
could be done;

Pn;/; v and Pn; /; r are the probable survival ratios
of girls born in 1960-1964 in urban and rural areas, no
allowance being made for differential mortality depend
ing on whether the mothers are active or inactive;

6 x, x + 4;/; u, r represents the probabilities ofmigra
tion - mortality being ignored - in 1960-1964 from
urban to rural areas for females between the ages of x
and x + 4 at 1 January 1960, no allowance being made
for differential migration depending on activity status;

ex, x + 4;/; r, U represents the same probabilities
for migration in the opposite direction;

6 x, x + 4;/; i, a; u represents the probabilities for
inactive urban females of age x, x + 4, of entering
activity before x + 5, x + 5 + 4;

6 x, x + 4;/; i, i; u represents the probabilities for
the same females of not leaving inactive status;
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6x, x +4;/; i, a; rand 6x, x +4;/; i, i; r repre
sent the foregoing two probabilities for rural females;

ex, x + 4;/; a, i; u represents the probabilities, for
active urban females of age x, x + 4, of leaving active
status before age x + 5, x + 5 + 4;

ex, x + 4;/; a, a; u represents the probabilities for
the same female group of not leaving active status;

ex, x + 4;/; a, i; rand rp x, x + 4;/; a, a; r repre
sent the foregoing two probabilities for rural females;

k is the masculinity proportion at birth;
all these expressions are in the same form when they
concern males, except that the symbol m replaces f

Each of the components of the sub-matrices can now
be calculated.

Sub-matrix Mj: urban active males remaining active
and urban:

The components of the sub-diagonal m~ and m~

represent combinations of probabilities of survival in
urban areas, probabilities for active urban males of
not leaving active status and probabilities of not
migrating, i.e.:
(Px, x + 4; m; u)' (rp x, x + 4; m; a, a; u)

• (rp x, x + 4; m; u, u).

Sub-matrix Mi: inactive urban males entering activity
in urban areas:

The components of the sub-diagonal m~ and m~ this
time represent combinations of probabilities of survival
in urban areas, probabilities for inactive urban males of
entering activity and probabilities of not migrating from
the urban sector, i.e.:
(Px, x + 4; m; u)' (rp x, x + 4; m; i, a; u)

• (rp x, x + 4; m; u, u).

The components of the other two other sub-matrices
in the first row can easily be worked out:

Sub-matrix M~ : active rural males migrating but
remaining active:
(Px, x + 4; m; r)' (rp x, x + 4; m; a, a; r)

. (rpx,x + 4;m; r, u).

Sub-matrix Mr: inactive rural males migrating and
entering activity:
(Px, x + 4; m; r)' (rp x, x + 4; m; i, a; r)

·(rpx,x+4;m;r,u).

Similarly, for the first two sub-matrices of the second
row:

Sub-matrix M~: active urban males becoming inactive
but not migrating:
(Px, x + 4;m; u)'(rpx,x + 4; m; a, i; u)

'(!-Lx,x + 4;m; u, u).

Sub-matrix M~: inactive urban males remaining
inactive but not migrating:
(Px, x + 4; m; u)' (rpx,x + 4; m; i, i; u, u)

. (!-LX, X + 4;m; u, u).

Sub-matrices M: and M:: survivors of male births to
non-migrating active or inactive urban females:

The components of these two sub-matrices incorporate
births occurring during the projection interval and

hence serve to replenish the population. The method
of calculating these sub-matrices was described in the
passages concerning basic assumptions. The formula
used is:

5k
(60'11 x, X + 4;/; u 'TPn; m; u· !-LX, X + 4;/; u, u)

(6Q<P x,x + 4;u + 65'1' X + 5,x+ 5+4;u' Px,x+4;f;u).

In these expressions, the coefficientsof 60'11 x, x + 4; (; u
are the components of the first row of the sub-matrix M:.
The sum of the expressions for all the age groups
(x = 15, ... , 45) represents the total number of
surviving male children of ages 0 to 4 years as of
1 January 1965. For the purpose of this calculation it
was assumed that the migration of children born during
the projection period could not occur independently
of that of the mothers, so that the migration of mothers
was identified with the migration of children. If these
two migratory movements were assumed to be indepen
dent, the probability of migration of the mothers
!-L x, x + 4; u, u would have to be replaced in the fore
going expression by that of the births !-L n; m; u, u and
the formula would be:

5k
(60'11 x, x + 4;j;u· T Pn; m; u· !-Ln; m; u, u)

(60'P x, X + 4; u + 65'1' X + 5, x + 5 + 4; u
. Px, x + 4;/; u).

Sub-matrix M~: active rural males becoming inactive
and migrating:
(Px, x+4; m,r)'(rpx,x+ 4;m;a, i; r)'(!-Lx,X + 4;m; r,u).

Sub-matrix M~: inactive rural males remaining
inactive and migrating:
(Px, x + 4; m;r)· (e x, x+4;m; i,i)' (!-LX, x + 4; m; r,u) .

Sub-matrices MJ and M~: survivors of male births to
migrating active or inactive rural females:

The same expression is used as for M: and M:, the
symbol r being substituted for u in the mortality and
fertility functions and for the first index u at the base
of the migration function, i.e.:

e2
k

. Pn; m; r x· !-L x, x + 4;/; r, u)

(60'1' x, x+4; r + 65'1' x+ 5, x + 5 +4; r- Px,x+4;/;r).

The reader will easily find for himself the other
components of the matrix, using similar reasoning.

The final result is shown in table 18 below.

D. LIMITATIONS OF THE METHODS DESCRIBED
IN THIS CHAPTER

The methods described above project future sex-age
specific activity rates mechanically on the basis of past
observed trends or on the basis of correlations estab
lished with the current distribution of activity rates in
different parts of a country or in different countries .
They have two potential drawbacks.

The reference period used in, for example, estimates
by extrapolation, is often very short - five years in the
example we gave for Japan. There are definite hazards
involved in projecting the development of activity rates
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over a twenty-year period by extrapolating from the
observed trend for such a short period, inasmuch as the
projection period is much longer than the reference
period. This drawback is hard to eliminate. Many
countries have information on trends in activity rates
for only a short period, and even in those countries
which have longer series, the data for the earlier years
are difficult to handle because they relate to economic
and social structures which have been made obsolete by
technical advances or changing customs. Adjustments
must therefore be made to the activity rates for the
under-20 age groups and most certainly for the 65 and
over age groups.t- One example of such adjustments
has already been given for the Philippines.t" A second
example which is cited below relates to Central America,

16 In some cases, however, pension schemes affect workers
under the age of 65. That is true, in particular, of some of the
highly developed countries.

16 Population Growth and Manpower in the Philippines, a joint
study by the United Nations and the Government of the Philip
pines, 1960, (United Nations publication, Sales No.: 61.XIU.2),
pp. 42-43.

Panama and Mexico;" table 19 gives the principal
results of that projection.

Downward adjustment for the 10-14 age group in
1980 was substantial but relatively slight for the 15-19
group. The main assumption for the 10-14 males was
that by 1980 activity rates for that group for the country
as a whole would be no greater than those prevailing
in 1950 among the urban population. In other words,
it was assumed that with the level of economic develop
ment that might be reached by 1980 the standards of
school facilities and school enrolment for the 10-14 boys
for the whole country would equal those for urban
children in 1950. For males aged 15-19 the adjustment
made some allowance for longer schooling, but not to
the same degree. The activity rates for girls aged 10-14
were assumed to be approximately the same as those
of 1950, since more employment opportunities for girls
aged 13 and 14, resulting from increased urbanization,

17 Human Resources of Central America, Panama and Mexico,
1950-1980, in relation to some Aspects of Economic Development
(United Nations publication, Sales No.: 60XUI.1).

TABLE 18

Projection of the Mexican population (1960·1965): absolute numbers

1960 1965 1970 1975 1980 1985

(Thousands)
Economically active urban

males 4,151.8 5,279.8 6,636.2 8,329.8 10,364.9 12,753.9
(11.5) a (12.5) (13.4) (14.3) (15.1) (15.8)

Economically inactive urban
males 4,728.6 6,100.3 7,633.5 9,405.0 11,509.2 14,032.4

(13.1) (14.4) (15.4) (16.1) (16.8) (17.4)
Economically active urban

females 1,391.2 1,646.2 2,016.5 2,540.8 3,224.4 4,092.5
(3.9) (3.9) (4.1) (4.2) (4.7) (5.1)

Economically inactive urban
females 7,982.3 10,098.9 12,514.0 15,293.5 18,638.2 22,490.0

(22.2) (23.9) (25.2) (26.3) (27.2) (27.9)
Economically active rural

males 4,569.1 4,924.1 5,293.2 5,715.2 6,186.3 6,702.8
(12.7) (11.7) (10.7) (9.8) (9.0) (8.3)

Economically inactive rural
males 4,518.4 4,842.7 5,307.3 5,850.0 6,444.2 7,137.6

(12.6) (11.5) (10.7) (10.0) (9.4) (8.9)
Economically active rural

females 519.3 562.4 615.9 675.6 781.7 889.7
(1.4) (1.3) (1.2) (1.2) (1.1) (1.1)

Economically inactive rural
females 8,142.6 8,804.1 9,586.4 10,480.4 11,445.6 12,508.3

(22.6) (20.8) (19.3) (18.0) (16.7) (15.5)
TOTAL 36,003.3 42,258.5 49,603.1 58,290.2 68,594.5 80,608.1

(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)

Urban population . 18,253.9 23,125.2 28,800.2 35,569.0 43,736,7 53,368.9
(50.7) (54.7) (58.1) (58.9) (63.8) (66.2)

Rural population 17,749.4 19,133.3 20,802.8 22,721.2 24,857.8 27,238.4
(49.3) (45.3) (41.9) (41.1) (36.2) (33.8)

• The f1Kures in brackets represent thePercentage ofpopulation in each category.
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TABLE 19

Central America, Panama and Mexico: activity rates (1950 and 1980)

1950 census data Projection for 1980
Sex and age

EI Salvador Costa Rica Guatemala Nicaragua Panama Mexico El Salvador Costa Rica Guatemala Nlcara/Illa Panama Mexico

Both sexes

10 and over .... 49.7 49.7 48.7 47.9 50.1 46.7 51.0 48.9 48.9 48.9 48.7 46.3

Males

10 and over 84.5 84.8 84.4 85.1 78.6 82.9 80.2 80.3 81.2 82.3 76.1 77.0
10-14 37.8 37.4 39.9 40.0 17.4 - 20.0 20.0 25.0 25.0 10.0
15-19 88.9 91.1 90.6 89.6 68.3 - 84.0 84.0 87.0 86.0 66.0
20-24 95.6 96.7 96.6 96.9 94.8 - 92.9 94.2 94.4 94.8 93.4
25-34 97.1 98.4 97.8 98.4 97.8 - 94.3 95.9 95.5 96.3 96.3

w 35-44 97.5 98.6 97.9 98.7 98.2 94.7 96.1 95.7 96.5 96.7- -
45-54 97.5 97.6 97.3 98.5 97.1 - 94.7 95.1 95.1 96.3 95.6
55-64 95.4 94.8 94.7 97.3 89.6 - 92.7 92.4 92.7 95.1 98.3
65 and over 82.7 74.0 74.1 86.3 70.3 - 75.1 70.3 74.0 80.0 63.0

Females

10 and over 16.2 15.2 12.5 13.0 20.3 . 12.5 21.9 17.6 15.7 15.7 20.9 16.0
10-14 7.9 5.0 6.4 6.4 5.3 - 8.0 3.5 7.0 7.0 4.0
15-19 20.7 22.5 15.8 15.0 23.4 - 29.1 27.3 19.9 18.5 24.8
20-24 20.9 22.6 14.9 16.3 29.6 - 29.4 27.4 18.8 19.7 31.3
25-34 17.4 17.2 13.0 14.5 25.2 - 24.5 20.8 16.4 17.5 26.7
35-44 17.3 15.7 13.9 14.3 24.6 - 24.4 19.0 17.5 17.2 26.1
45-54 15.9 13.3 13.5 13.7 20.8 - 22.4 16.1 17.1 16.5 22.0
55-64 13.5 9.1 12.3 13.1 15.0 - 19.0 11.0 15.6 15.8 15.9
65 and over 10.6 5.6 8.9 8.9 8.4 - 11.8 6.8 11.9 10.7 8.6

SoUll.CE: Human Resources of Central America, Panama and Mexico, 1950·1980. In relation to some Aspects of Economic Development (United Nations publication. Sales No.: 6O.xn.l), tables XXV, XXVI. XXVII. XXVIII.
XXIX and XXX, pp. 138·140.



might be offset by increased school enrolment among
girls aged 10-12. For males aged 65 and over, the activity
rates resulting from the first approximation were
slightly decreased to allow for a greater frequency of
retirement as general standards of living rise, mainly
as a result of accelerated economic development and
the gradual expansion of social security schemes. For
women aged 65 and over, it appeared reasonable to
make a slight downward adjustment in some cases,
whereas in others the first approximation results were
left unadjusted.

Even in the case of adult males, methods of projection
by direct extrapolation, for example, may yield absurd
results. Annexes I and II show that in the case of Japan,
for instance, the application of these methods gives,
for the 30-34 age group, an activity rate of 99.8 or
100 per cent in 1980, depending on whether equation (a)
or equation (b) is used for the corrective coefficient.
In every country there will always be a small percentage
of adult males who are incapable of working for health
and other reasons. Every result arrived at by mechanical
projection must therefore be submitted to careful
scrutiny.

Activity rates derived by correlation and regression
analyses should not always be taken as strictly reliable;
they must be subjected to certain adjustments based
on anticipated economic and social development and
its effects on the labour force. Some judgements on
trends in activity rates may be better than the mechanical
results of a mathematical operation which takes into
account only some of the many factors. involved. IS

This applies particularly to the determination of the
activity rates of economically active females in the
youngest and oldest age groups. In such cases, in view
of the uncertainties inherent in such judgements, it
seems essential to formulate several assumptions con
cerning changes in the rates, allowing for such factors
as prospects for increased school enrolment or pension
schemes.

E. MEASURING THE RELATIVE INCIDENCE OF POPULATION
GROWTH, CHANGES IN ACTIVITY RATES AND OTHER
VARIABLES ON THE FUTURE SIZE OF THE ECONOMICALLY
ACTIVE POPULATION

ansmg from population growth, on one hand, and
changes in activity rates, on the other.

What strikes one first of all is that nearly 88 per cent
of the total increase in the male economically active

.population and about 72 per cent of the increase
in the female economically active population are attri
buted to population growth. In the case of males
65 years and over, the sharp projected decline in activity
rates will be almost entirely offset by the increase in the
numbers of the group. Changes in activity rates are
much more marked in the female economically active
population, especially in the age groups in the 35-64 year
range. The effect of these two factors may be analysed
in greater detail in order to ascertain, for instance, their
proportionate contribution to changes in the activity
rates of the economically active population as a whole.
A simple method is utilized for this purpose. The total
activity rate is taken to be:

AI; Am + At
aI; = - =

PI; PI;
Am Pm At r,= - . - + - . - = ampm + atpt
Pm PI; Pt PI;

This equation is used, in conjunction with the data
in table 20, to derive the following changes in the total
activity rate from the incidence of the activity rates
of the male and female economically active populations
and the proportion of total population they represent:

Symbol
(t) (I.)

1965 1980

Economically active population
(14 years and over)

TOTAL AI; 78.357 101.408

Male Am 51.705 65·.981
Female AI 26.653 36.427

Population (14 years and over)

TOTAL PI; 138.261 173908

Male Pm 67.205 84.123
Female PI 71.056 89.785

Activity rates

TOTAL aI; 56.7 58.3

Male am 76.9 77.2
Female al 37.5 40.6

The data in table 20 are also used in the following
procedure:

Change in the male activity rate:

P (am -am), or 48.4 (77.2 - 76.9) = 0.145;mtl t1 t

Proportion of total populationA projection of the size of the economically active
population, broken down by sex and age, is obtained
by multiplying the number of persons in the projected
population by the projected activity rates. The relative
incidence of population growth and of changes in
activity rates on the future size and sex-age structure
of the economically active population must then be
determined. Table 20 shows patterns of change in the
total economically active population, by sex and by
age, of the United States of America from 1965 to 1980

Male .

Female

Pm
. pm = PI;

PI
.......... PI - PI;

48.6

51.4

48.4

51.6

18 S. Cooper and D. F. Johnston, "Comments on the Denberg
Strand-Dukler approach", Industrial Relations. vol. 5, No.1,
October 1966, p. 73.

Change in the female activity rate:

Pt (at -at) or 51.6 (40.6 - 37.5) = 1.599;t 1 t l t
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TABLE 20
United States of America: changes in the total economically active population, by sex and age, arising from population growth and changes in activity rates, 1965 and 1980

Total economically active pOJ)Ulatlon Changes In total economically active pOPUlation Relative incidence of changes
(thousands) (Der cent)

Sex and age groups
1965 (1980) 1980' Total Due to pOJ)U/ation Due to changes Totals In activity rates In pOPUlation numbers(observed) (IJI'ojected) (projected) growth in activity rates

(1) (2) (3) (4) (5) = (3) - (2) (6) = (4) - (2) (7) = (3) - (4) (8) = (3) : (2) (9) = (3) : (4) (10) = (8) - (9)

Both sexes

14 years and over . . . . . . 78,357 101,408 98,606 23,051 20,249 2,802 29.4 2.8 26.6

Males

14 years and over 51,705 64,981 64,691 13,276 12,986 290 25.7 0.4 25.3
14-19 4,591 5,744 5,610 1,153 1,019 134 25.1 2.4 22.7
20-24 5,926 9,065 8,960 3,139 3,034 105 53.0 1.2 51.8

~ 25-34 10,653 17,590 17,554 6,937 6,901 36 65.1 0.2 64.9
~

35-44 11,504 12,084 12,021 580 517 63 5.0 0.5 4.5
45-54 10,131 10,219 10,144 88 13 75 0.9 0.7 0.2
55-64 6,768 8,185 8,134 1,417 1,366 51 20.9 0.6 20.3
65 years and over 2,131 2,096 2,584 -35 453 -488 -1.6 -18.9 17.3

Females

14 years and over 26,653 36,427 33,669 9,774 7,016 2,758 36.7 8.2 28.5
14-19 2,940 3,832 3,571 892 631 261 30.3 7.3 23.0
20-24 3,375 5,380 5,084 2,005 1,709 296 59.4 5.8 53.6
25-34 4,336 7,347 7,019 3,011 2,683 328 69.4 4.7 64.7
35-44 5,724 6,386 5,862 662 138 524 11.6 8.9 2.7
45-54 5,714 6,805 5,787 1,091 73 1,018 19.1 17.6 1.5
55-64 3,587 5,337 4,579 1,750 992 758 48.8 16.6 32.2
65 years and over 976 1,340 1,281 364 305 59 37.3 4.6 32.7

SoVllCE: United States of America, Bureau of Labor Statistics, Special Labor Force RellOrt No. 73, Monthly • Economically active llOpniation in 1980 calculated on the basis of 1965 activity rates. As the fiBurcS given
Labour Review, September 1966, P. 986. have been rounded off to the nearest whole number, the sum of the figures in the individual groupS may not be

eaual to the totals given.



Share of the male population:

(afllj Pflljl + alt Pft) - (aflljPmt + alt Pit)' or (76.9 x 48.4
+ 37.5 x 51.4) - (76.9 x 48.6 + 37.5 x 51.4) = -0.154;

Share of the female population:

(afllj PfIIj + alt Pltl) - (amt PfIIj + aftPit)' or (76.9 x 48.6

+ 37.5 x 51.6) - (76.9 x 48.6 + 37.5 x 51.4) = 0.075.

The absolute increase in the activity rate of the total
economically active population in 1965-1980 is approxi
mately 1.6 per cent; the analysis above shows that it is
the product of the following changes:

Absolute Relative
change change

(1) Increase in male activity rates 0.145 8.70
(2) Increase in female activity rates . 1.599 96.04
(3) Decrease in the proportion of males in

the total population -0.154 -9.24
(4) Increase in the proportion of females in

the total population 0.075 4.50

Total (1), (2) and (4) . 1.819 109.24
Total (3) -0.154 -9.24

Total (I), (2), (3) and (4) . 1.665 100.00

Remainder 0.065 3.91

This procedure demonstrates that the increase
resulting from higher female activity rates is approxi
mately equal to the increase in the activity rates of the
total economically active population. The changes in
other components are minimal.

The method described above may also be utilized
for projecting female activity rates by marital status.
As a rule, however, there is no theoretical singlemeasure
of the separate incidence of each relevant factor on the
economically active population. Changes in each
factor considered occur simultaneously, so that the
effect of one change is necessarily influenced by other
changes."

19 In addition to the method described here, reference may be
made to the method used to project the economically active
population of the United Kingdom of Great Britain and Northern
Ireland, especially its female segment. See W. Beckerman and
J. Sutherland, "Married women at work in 1972", National
Institute Economic Review, No. 23, February 1963, pp. 59-60.
See also W. Beckerman and associates, The Britsb Economy in
1975 (Cambridge University Press, 1965), chap. III. .
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