An Empirical Study of the Age Structure
of the Irish Population

BRENDAN WALSH

THE economic and social consequences of a population’s age structure are
far-reaching. The proportion of a country’s population in the active age groups
largely determines the relationship between productivity per worker and income
per person. The ability of a society to provide the health, educational and re-
creational facilities needed by young and old people is affected by the ratio of
active to dependent people in the population. Changes in the population’s age
structure are of considerable significance for the level of demand for numerous
consumers’ durable goods, and may have wide repercussions on the cyclical
behaviour of GNP, as has been argued by Easterlin [cf. s].

It is not, of course, possible to define any age groups which consist exclusively
of economically active or inactive persons, but it is easy to demarcate the ages
_above and below which most of the population is not gainfully occupied. Tradi-
tionally, 65 has been regarded as the age at which most people retire from active
participation in the labour force, and 15 the age when most enter the labour
force. In family farming, however, the division between economic participation
and retirement is less well-defined than in other occupations, and probably seldom
occurs as early as the sixty-fifth birthday. At the other end of the life cycle, few
European countries still terminate free or compulsory education at age 14. Yet,
despite these qualifications, the time-honoured boundaries to the “active” age
group retain their meaningfulness in present-day Ireland in as much as labour-
force participation is far more probable between 15 and 64 than at younger or
older ages, and the use of alternative boundaries would introduce more problems
than it would solve. An exploratory discussion of the factors influencing Irish
labour-force participation is contained in [12].

Ireland is well-known to possess an unusual population age structure. Some of
the details and consequences of this aspect of our demographic situation have
been examined by the Emigration Commission [3, paragraph 43], Kaim-Caudle
[7, p- 15), O’Mahony [11, p. 9]. The most striking features of the Irish age struc-
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ture are a high percentage of the population aged 65 and over, a small percentage
aged I5-44, and a high percentage aged o-14. These factors imply an unusually
heavy burden of dependency (by European standards, at least), whose unfavour-
able welfare implications are obvious.! ' .

The present paper aims at examining the mechanisms that determine the age
structure of the Irish population. The main emphasis is placed on the statistical
testing of a model that may facilitate prediction of changes in this age structure
(although the model is not applied to the task of forecasting in this paper). The
approach taken is empirical, and even pragmatic, in character.

Background

In 1841, 41-2 per cent of the Irish population was aged under 15 or over 65,
while in 1966 the corresponding figure was 424 per cent. Behind this apparent
stability in the level of total dependency lies a steady increase in the level of old
dependency (from 3-1 to 11-2 per cent) and a fall in the level of young dependency
(from 381 to 31-2 per cent). The details of this movement are set out in Table 1.
As was remarked by the Emigration Commission [3, paragraph 38], in the century
after 1841 the rising trend in old dependency was approximately offset by the
downward trend in young dependency, so that the burden of total dependency
remained fairly constant (or even fell slightly) over the period. Since 1936, how-
ever, this pattern has not been maintained and the levels of both young and old
dependencies have risen together, with a resultant increase in total dependency
from 373 per cent in 1936 to 42- 4 per cent in 1966. These trends may be explained
simply as a reflection of the falling rate of natural increase up to 1936, followed
by a rising rate since then, and the persistent decline of the population due to low
natural increase and high emigration up to the 1960’s.

Ireland’s unusual age structure may be assessed in a European context from
Table 2. The high percentage of Ireland’s population in the young dependentage
group is a striking feature of the Table. It is clear that Ireland has a high, but by
no means extraordinary, percentage of its population in the old dependent
category. However, Ireland is more of an exception in regard to total dependency
than in regard to either of its components. Only Iceland has a higher level of
total dependency. The unusual aspect of Ireland’s age structure is, therefore, not
so much the very high level of either young or old dependency, but rather the
combination of young and old dependencies that are both fairly high. The im-
pression conveyed by Table 2 is that in general there is an inverse association

1. While it is axiomatic that a high burden of young dependency imposcs a heavy load on a
country’s educational system, it does not always follow that this will result in Jow educational
attainment. The state of Utah, for example, has the highest median years of school completed in
the US and also the second highest percentage of its population aged less than 15, namely, 37:43
per cent. The highest young dependency figure in Ireland is only 33-7 per cent for Offaly (1966).
Utah is an interesting and unusual example of an area where religious belicfs emphasize both high
marriage fertility and high educational attainment.
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TaBLE 1: Historical Data on Irish Dependency (26 Counties)

Percentage of Total Population

Aged
Date 0-14 65 and Over  (0-14)+(65 and
Over)
1841 381 31 412
1881 354 63 417
1901 302 65 - 367
1926 20°2 91 383
1936 » 276 97 373
1946 27'9 10°6 385
1951 ’ 289 107 396
1961 311 . § &) 42°3
1966 312 112 42°4

Sources: [3, Table 8], [1, Vol. IT].

TasLE 2: International Data On Dependency: European Countries, About 1964

: % of Population % of Population ~ Total Dependency

Country and Year Aged o-14 " Aged Over 64
@) (2) (1)+(2)

Austria '65 2327 1320 3647
Belgium ’63 2381 12:39 3620
Czechoslovakia '64 2570 0'54 3524
Denmark "64 2384 1125 3509
Finland ’65 27-06 793 3499
France 65 24°58 12°55 3713
Germany (West) ’65 2256 1192 34:48
Germany (East) ‘64 2361 14°45 38-:06
Hungary ’65 2328 10°35 33:63
Iceland 62 3497 827 4324
Ireland *61 31°18 II°19 42737
Italy "64 24724 L 972 33°96
Malta '65 32'91 889 41-80
Netherlands 65 2826 9'57 37°83
Norway '64 24'84 11-78 3662
Poland ’62 33°13 612 39:25
Portugal ’65 29°02 842 3744
Spain 63 2767 8-61 36-28
Sweden 65 20°94 12°68 3362
Switzerland 64 22071 10°44 3315
UK: England &

Wales ’63 2264 1195 35°$9

Scotland ’63 2558 1071 3629

Data Source: [8].
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between the two dependency categories. Regression of old dependency on young
dependency using the data in Table 2 yields the following result:2

(1)
X,=20267-0372 X, R2=0-490, S.E.E.=1-445,
(9-482) (4-598) F(1,20) =21'142

where X, = percentage of population aged over 64,
X,=rpercentage of population aged under 15.

The relationship is highly significant, but much of the variance in X, remains
unexplained. Looking at the residuals (actual minus predicted) from the estimated
equation, it is noticeable that the two largest values are for East Germany (+-2-956)
and Ireland (4-2-508). Both of these countries, therefore, have levels of old de-
pendency far higher than would be expected on the basis of the experience of
other countries with comparable levels of young dependency. This combination
of fairly high young and old dependency is, as has been seen, the reason for
Ireland’s high total dependency.

The negative correlation between young and old dependency found in Table
2 is to be expected: a high rate of natural increase will generally lead to a rapid
rate of population growth, and thus to a low level of old dependency. This
sequence of events can, however, be broken if net emigration is heavy and sus-
tained, and in fact this has been a feature shared by Ireland and East Germany
in the post-war period. When this occurs, a country can experience a high rate
of natural increase for extended intervals without ever experiencing the fall in

old dependency that it normally induces. This has been the sort of situation
developing in Ireland since the 1930’s.

Determinants of Population Age Structure: Projection Analysis

Any population that is subject to unchanging death and birth rates for long
enough will eventually assume a stable age structure and growth rate [6]. This
stable age structure is such that each age group is growing at the intrinsic rate of
natural increase (as derived from the Net Reproduction Rate based on the birth
and death rates in question). Leslie [10] has provided a procedure for obtaining
the stable age distribution associated with any set of vital rates. Let A be a square

2. Throughout this paper the following conventions have been followed in presenting regression
results: the t— ratio (viz. the estimated regression slope divided by the estimated standard error
of the slope) is recorded in parentheses under the relevant coefficient; the R2, the coefficient of
determination corrected for degrees of freedom (=1—(1—R? N—1Y\, the standard error of
estimate (S.E.E.) and the F-ratio with the relevant degrees of freedom, are also recorded for cach
equation.
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matrix of order k, where k= the number of age groups into which the population
is divided, and let the elements of the first row of A equal the number of female
children born per period to each woman in the corresponding population age
group.?

The elements of the main sub-diagonal of A (that is, the elements a,,,, ;) equal
the probabilities of surviving from the i** age group in one period to the
(i4-1)th age group in the next period. The age groups and periods used here are
both of five years’ duration. Since the oldest age group used is “65 and over”,
the element 4, , is equal to the probability that a person aged over 64 at the start
of a period would be still alive at the start of the next period. All other elements
of A are zero. If net migration is treated as equivalent to mortality, then the
elements of the sub-diagonal of A may be altered to reflect various assumptions
about migration. Leslie shows that the stable age distribution associated with a
set of birth and death rates specified in A is given by the relative size of the ele-
ment of B;, where B, is the characteristic vector associated with the real dominant
root, A;, of the characteristic equation of A. In order to obtain the stable age
distribution for A, I have proceeded as follows: starting with the existing popula-
tion by age arranged as a k x  vector C, post-multiply 4 by C and then post~
multiply A4 by the resultant, continuing this sequence until the age distribution
of the resultant has ceased to change significantly between iterations.’ This is of
course equivalent to obtaining A"B where n is large enough for the age distri-
bution to have stabilized.

In order to explore the consequences for the Irish population’s age structure of
various combinations of birth and migration rates, four alternative specifications
of A have been used. In addition to the stable age distribution, which, like the
net reproduction rate, is of theoretical interest only, the age distributions associated
with the first 8 iterations (that is, forty years) are presented in Table 3. These
results are presented here to shed light on the determinants of the dependency
ratio and not as predictions of the future course of Ireland’s population age
structure. It is, of course, easy to realize the relevance of the technique applied
here to the problem of population forecasting, but we are here concerned with
determinants of age structure and not population forecasting. According to
Variant II, the total dependency ratio remains fairly stable over time, although
the young dependency ratio rises and the old dependency ratio falls. The assump-
tions behind Variant II are that recent levels of vital rates will prevail into the
future. It is also interesting to note that under this set of assumptions the per-
centage of the population aged 15-44 gains considerably at the expense of the
population aged 45-64, thus increasing the fall-in the population’s median age.

3. All of the projections presented here deal with the female population only.

4. It is assumed throughout that the birth rate of the migrant population is identical with that
of the non—mlgranc populatlon, and hence no alteration of the first row of A is made when the
assumptions about migration are varied.

5. The ctiterion for stability I have applied was that the percentage of the population i in each
age group should not change by more than o-0o1 between iterations.

H
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TaBLE 3: Population Age Distribution Under Various Assumptions Concerning Migration and
I . Birth Rates .

1
PR

" (% in each age group female population)

CEETA

Variant : : ’

’ R - Period=35 Years
I: 1066 Fertility, Zero Net Migration

“after i periods - Stable
‘ Ci=1- '2z- 3. 4 - .5 -6 7 8 - 49
o-14" 209 --29°5 <30T 32T 339 344 338 328 334
I5—44 33'3. 359 3779 3779 367 362 367 376 379
4564 © 254 23§ 212 198 201 21'0 2200 ° 228 | 21-8
65+ . SIIs IrT 1047 1072 947 . 83 745 68 69
Total =~ ¢

~ Dependency 414 406 408 4237 433 429 4T3 306 403

II: 1966 Fertility, ’61-°66 Net Migration
i=I 2 3 4 5 6 7 8 4z

o-14 30°8 309 311 32°1 329 332 331 32-8 33°1
I5—44 315 327 340 339 335 337 340 342 344
45—64 257 244 228 221 221 22°4 230 236 231
65+ 12+0 120 121 11°9 11§ 10:8 100 03 93
Total

Dependency 428  42:0 432 440 444 440 43T 423 424

IIl: 1966 Fertility—25%, ’61-'66 Net Migration
i=r 2 3 4 5 6 7 8 53

o-14 200 272 253 26-8 28-0 284 280 269 265
15-44 32°s 345 369 354 338 320 324 319 326
45-64 264 257 245 246 252 26T 276 204 272
65+ 12°3 - 126 13°X 13°3 13°1 12+6 120 11°8 13-8
Total

Dependency 413 398 1384 401  4IX 41:0 400 387 403

AV: 1966 Fertility—25%, Zero Net Migration -
i=r ' z' 3 4 s 6 7 8 49

0-14 281 - 258 . 244 268 289 207 2809 272 272
1544 341 37°8 410 399 374 357 353 35S 365
4564 260 - 248 23:0 220 229 246 267 287 262
65+ 117 11°6 11-6 11°3 10°7 10°0 oI 85 10°2
Total » A

Dependency  39:8 374 360 381 396 397 380 357 374
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Variant I reflects the assumption of maintaining current birth rates and zero net
migration, and, in conjunction with Variant II, allows us to examine the effects
of net migration on population age structure. Contrasting Variant I with Variant
II shows that emigration tends to increase the percentage of the population in the
45-64 and 65 and over age groups, but it is clear that this ageing of the population
occurs almost entirely through a reduction in the ‘percentage in the 15-44 age
group. Migration appears to have little long-run impact on the percentage of
the population aged 0-14, although for the first three periods (viz. fifteen years)
there is a noticeable increase in young dependency as a result of net emigration.

These results might have been expected in view of the fact that emigration
always lowers the rate of population growth, but is assumed to ieave the age-
specific birth rates unaltered.

Variant III examines the impact of a very sizeable reduction in the birth rate
upon population age structure. The birth rates used in this Variant are equal to
75 per cent of those used in Iand II, so that a woman’s contribution to the number
of infants is lowered by a quarter in each of the reproductive age groups. When
combined with the current level of net migration this fall in birth rates leads to
a net reproduction rate of 0-96 (about the level now found in Japan), so that in the
long run the population is not replacing itself. These assumptions, as mighe be
expected, produce a large reduction in young dependency (which contrasts
strongly with the tendency for young .dependency to rise markedly under
Variants I and II), and an eventual increase in old dependency. It is interesting
that under these assumptions the behaviour of both dependency ratios is cyclical
before the stable population structure is reached: the sharp drop in fertility is
apparently responsible for the sharp period-to-period swings in young depend-
ency seen here and in Variant IV.

In Variant IV the lower birth rates have been combined with the assumption
of zero net migration. This set of assumptions eventually results in a greatly
reduced burden of total dependency, although the population age structure
fluctuates considerably before arriving at its stable level. The rise in the level of
old dependency is curtailed here by the assumption of zero net migration, and
the benefits of a lower birth rate are not offset by a tendency for population to
decrease, as was the case in Variant IIL. It is sobering to reflect that it would be
15 years after the attainment of the assumptions of Variant IV before Ireland’s
total dependency ratio would fall below, for example, the current Scottish level.

These experiments support the conclusion that net migration in the long run
has contributed to the Irish dependency exclusively through its impact on the
level of old dependency. The migration rate was seen to have no important,
long-run effect on the level of young dependency, but this result may be a con-
sequence of the assumption that the migrant and nonmigrant populations have
the same birth rates. It would be more realisticif the birth rate were altered to
take account of any effect that a fall in the migration rate might have on fertility
and/or marriage rates, but our knowledge of this topic is negligible. However,
it might be argued that a fall in net migration to.near zero would only occur in
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conditions that would tend to lower births rates substantially. If this is true, then
Variant IV might be considered, along with Variant II, as the most relevant to the
preparation of an actual forecast of future population age structure. ‘All four
Variants illustrate one important point very clearly,: namely, unless Ireland’s
birth rate falls its burden -of young dependency will not only remain high but
actually tend to tise, regardless of what happens to the net migration rate.

Irish'i?oim_l_a‘ti'on Age Structute in 1966

+ Turning from the hypothetical evolution of population age structure to the
actual structure found in Ireland today, additional light may be shed on the
detérminants of age structure by a study of the 1966 Census of Population county
data. Table 4 presents some summary information based on these data. In this
Table, and henceforward ini this paper, dependency is measured-in relation to
the active, and not to the total, population (e.g.; young dependency (YD) equals
the ratio of population aged o-14 to population aged 15-64 multiplied by 100).

It may be seen from Table 4 that there is little difference in the national levels
of dependency between the sexes, except for the somewhat higher level of old

&

TAI;LE 4: Summary Data On Young, Old, and Total Dependency: Ireland By County, 1966

YD, YD; YDy4; OD, OD; OD,y; TD,  TD; TD,

National Level s47  $37  s42 1778 21T 194 726 748 737
Mean of ,

County

Levels 535 563 547 202 233 217 737 795 764
Standard o v .

Deviation 40 37 33 40 39 39 2'5 46 32
Cocfficient of o ’

Variation™ ° b IR ' »
X 100 7S 65 61 19'8 169 18-0: 34 58 42
7 “Intercorrelations
YD, - YDy YD,,, ODj, OD; OD,y; TD, TD;

YDy - L0471 . ,. » '
YDm_}_r 0879 0834 _, .
OoD,, —0-803 —0'108-—0°557
OD; . —0849 —0254 —0'665 0971
ODyy ¢ —0'832 —0'188 —0'619 0992 0993

D, —0322 "0:584 0520 0°305 0188 0°247
TD; . 0350 0572 0092 0738 0:648 0694 061§

TD,, + —0'093% 0640 o-.zgdA '0-627. Ao-516' 0§72 0:847 0040
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Extreme values

YDy YDt YDmyt ODp ODi ODmit TDm  TDt  TDmaig

Highest value 586 640 608 284 31°8 299 92 86-2 81°9
found in (Carlow, (Offaly) (Offaly) (Leltnm) (Lelmm) (Leitrim) (W Meath) (Rosc.) (Mayo) ~
County (Dublm)

Lowest value 66 -0 678
found in (Lclmm) (Dublm) (Lexmm) (Dublm) (K:ldare) (Dub]m) (Dublm) {Dublin) (Dub]m)
County ;

dependency (OD) among females. There are a number of reasons for studying
dependency separately for each sex, as should become clear from the approach
adopted below, but from an economic or social viewpoint the most meaningful
concept is obviously the level of dependency for both sexes combined. It is
therefore worth establishing that dependency for both sexes combined is almost
entirely explained in terms of dependency for each sex, and not significantly due
to variations in the sex composition of the population. This may be illustrated by
a regression of total dependency (TD) for both sexes on each of the four depend-
encies that contribute to it: o

(2)- o
TD(m+1)=—1-265+0543YDyrt-0-474 YD 4-0 5050Dy,
0 (v756) (s0-245)  (59200) _ (19:431)
+0-5030D; R?=0-999, S.E.E.=0-100,
(18-704) F(4,22)=6699536

(The m, ¢ subscripts are used to indicate male, female). Although this equation
is, for all intents and purposes, definitional, it is of interest to note the higher
weight accorded to YD,, than to YDy, and the extremely high R? achieved
without the introduction of a variable measuring the sex distribution.

There is greater relative variation (as measured by the coefficients of variation
recorded in Table 4) in the county data for OD than for YD, while TD exhibits
the least variation of all. From elementary statistics we-know that the variance
of the sum of two random variables is the sum of the variance of each variable
plus twice the covariance of the two variables, and therefore the reason for the
low relative variance of TD must be sought in a high, negative correlation between
YD and OD. The correlation coefficients recorded in Table 4 confirm this. All
of the inter-correlations between the three OD and three YD variables are
negative, and ‘those between all three OD variables and YD, and YD,,., are
significant at the o1 level (that is, r>0-487). The high, negative correlation
between YD,, and both oD, and ODy, is partlcularly 1mportant in reducmg’
the vatiance of TD. - ' '

The negative correlation between YD and OD found in the Itish data would
have been expected on the basis of our discussion of the international data. The
counterpart to equation (1) using Irish data is:
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(3 ) A .
OD,, ,;=61-296—0723YD,,,; R*=0358, S.E.E.=3-128,
(6-083)  -(3r937) F(r-2s5)=15s11

Although the regression is hlghly significant, much of the intercounty variation
in OD remains “unexplained”. In our discussion of (1) it was suggested that high
net emigration rates might account for deviations between the actual level of
OD and that expected on the basis of the level of ¥D. Introducing a variable
to represent the long-run level of net migration defined as the net migration per

1,000 average population 1946-1966 (the simple average of the four intercensal
periods) ( NMR) the followmg result was_ obtamed

L
(4) ; N I
5 ODm+;—3s 372— 0432YDm+f+o 738 NMR
< (4°343) (3243) (5-659)
R*=0-713, S.E.E.=2:090, F(2:24)=33"370

Equation (4) provides a much improved “explanation” of the variance in
OD,, .. It is quite interesting to show that over 70 per cent of the variation in
OD,,., can be accounted for in terms of variation in YD,,,;and NMR, but
at the same time this relationship provides little insight into the mechanism that
induces change in the population age structure. The remainder of this paper is

an attempt to specify the influences on OD and YD in a more complete and
meaningful fashion.

Determinants of Young Dependency

From the foregoing discussion it is clear that the birth rate is a major influence
on the level of YD. The birth rate (BR) is not expected to exert all of its influence
on YD instantaneously, but rather over a long period of time. Thus, the analysis
of the relationship between BR and YD,may be facilitated. through the use of a
distributed lag model. Since the data employed here are primarily cross-section
in nature, we are constrained as to the fineness of the lag specification that may
be tested: Census, data are available only at five-year intervals, and this will not
allow too detailed a- study of the nature of the lag structure. In any event, in the
present demographlc context it is unlikely that the time pattern of the weights
of the “independent” variables is too complicated, and a reasonable first approx-
imation might be to constrain the weights.to decay geometrically for all time.
periods preceding the current period. An important advantage of this specification
is that it allows estimation of the weights with the introduction of a2 minimum
of. variables (and. hence with maximum parsimony of degrees of freedom),
namely, the current value of the “‘independent” variable(s) and the one-period-
lagged value of the dependent variable.$ Using this specification to explore the
relationship between YD and BR ylelds the following result:

6. Christ [3, Chapter 7] prowdcs a very convenient source for a summary of the propcmcs of
the simpler distributed lag models. )
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(s) . . .
YD, =11-00240566 (YD,,)_;+0'663 BR,,
(3:656) (6-626) (5:343) -
R?>=0-940, S.E.E.=0982, F(2.24)=206-054

YDj=6-450+ 0724 (YD;)_;+0°482 BR;
(2r001)  (11°200)  (4°223)
R?=0912, S.E.E.=1-087, F(2-24)=136-012

where the (—1) subscript refers to lagged values, that is, variables measured in
1961. The R? are very high as would be expected in almost any specification that
includes the lagged value of the dependent variable as an explanatory variable,
but the coefficients of the BR terms are also highly significant. The correlation
between YD_; and BR is 0:826 for males and o-536 for females, and, given the
overall closeness of fit, this is not too high to render our estimates of the individual
coefficients too imprecise. Equation (s5) implies' a long-run impact of ‘BR,, on
YD,, of 1528, while equation (6) implies a long-run impact of BR;on YD, of
1-746. In both cases over one fourth of the total eventual impact of BR on YD
is felt by the end of the first period.” The slightly higher impact of BR on YD
for females may be attributable to the lower mortality experienced in general by
females. Thus, the 196062 Life Tables show that from every 100,000 live male
births 95,963 may be expected to survive to age 15, compared with 96,797 from
every 100,000 female live births.

It is possible to apply equations (5) and (6) to the study of the dynamics of
population change. Subtract YD_, from both sides of each equation and set
AYD=(YD-YD_,)=0 to obtain:

(sa) (YD,)_;=23350+1528 BR,

(60) (YD) ,=23-360+1756 BR, } for Stable YD

Thus, (sa) and (64) divide combinations of YD_; and BR into those that imply
an increase in YD and those that imply a fall in YD over the period. If the
national values of YD ; and BR in 1966 are inserted, it may be seen that for
males a reduction, and for females an increase, in YD between 1961 and 1966 is
indicated. This “backcast” is in fact consistent with the actual outcome for the
period. Looking to the next intercensal period, 1966-71, it may be seen that at
1966 levels of YD the level of YD, should fall for all BR,, less than 19:9 (the
actual BR,, for 1961-66 was 18-7), whereas the level of YD, will fall only if the
level of BR ,is below 173 for the period (the 196166 level of BR, was 18-7).
As far as YDy is concerned, this conclusion is consistent with the projections of
the previous section. '

7. The BR is measured as the annual average number of male (female) births, 1961-1966, per
100 average male (female) population aged 15-64. -
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Equations (s) and (6) leave a not negligible proportion of the variance in YD
unexplained. One possibility is that net migration affects YD by altering the ratio
of young to active in the population either as a result of its selectivity of persons
whose birth rate is lower than that of non-migrants, or because the ratio of active
to dependent in the migrant populations differs from county to county. Informa-
tion on either of these aspects of Irish migration is as yet unobtainable.®

As a crude test of the influence of migration on YD the male and female net
migration rate, 1961-66 per 1,000 average population aged 15-64, (NMR) was
introduced and the following results obtained:

(7) '
YD, =1013140'555 (YD,,)_ 1+o 721 BR,,,+0 ost NMR’,,
(3-226) (6-433) o (s249) (0980)
¢ © R*=0940, S.EE.=0083, F(3,23)=137-445

YD,= 6841+ 0690 (YDy)_ 110542 BR;4-0-039 NMR’,
(2:146) (8 082) ; (3-584) (0621)
=0910, S.E.E.=1-101, F(3,23)=88,476

Thus, in both cases, the introduction of NMR’ adds nothing to the explained
variance and leaves the magnitude and significance of the other two “indepen-
dent” variables substantially unaltered. This performance of the migration
variable is in -keeping with the conclusion that migration exerts little or no
influence on the level of YD. ,

Having established that BR is a major source of variation in YD it is natural
to attempt some explanation of the sources of variation in BR. Leser [9] has de-
monstrated that much of the variation in the birth rate (male plus. female, per
1,000 total population) may be explained in terms of the age and marital status
structure of the county populations. A similar analysis of the birth rate, defined
as the total number of births per 1,000 females aged 15-64 (BR’/), has been under-
taken here for the year 1966. An expected birth rate (EBR’ ) was obtained by
applying the national legitimate and illegitimate age-specific fertility rates to the
female population by age -and marital status (five year age groups) in '1966.
Regression of the actual on the expected birth rate yielded this equation:

©) - SR o :
BR, 10° 225+0 013 EBR 'E2:0-644, S.E.E.= 5870,
(1ro61) (6°939) - . F(1325)=48147
Over 60 per cent of the variation in the recorded birth rate in 1966 is accounted
for in terms of the age—marltal status structure of the female population age 15-64.
The remainder of the variation in the actual birth rate is, of course, attributable
to variations in marriage fertility. A meéasure of marriage fertlhty is prov1ded

8. The survivorship method may be used to obtain estimates of net migration by age by
county, although the results are not likely to be. very accurate in the older age groups-where
mortality is high and differs significantly from county to county (see below).
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by the discrepancy between the actual and expected birth rates: when this differ-
ence is positive, marriage fertility is above average and vice versa. Leser found
some tendency for variations in marriage fertility to offset the variations in age
and marital status structure that underlie the expected birth rate. Using the
present data, the correlation between (BR’— EBR’,) and EBR’, is —0-131, which
is negative as expected but not significant statistically. Most of the variation in
marriage fertility by county is probably due to differences in the occupational-
social class composition of the married population, but this topic has not been
pursued further in the present paper.

Since age and marital status structure have such important influences on n the
birth rate, and hence on YD, it is natural to seek further information on the
determinants of these variables themselves. It may be seen that over 75 per cent
of all births occur to women aged 15-34, so that the percentage of the female
population aged 15-64 that is aged 15-34 is a useful summary measure of the
fertility potential of the active population’s age structure. This percentage seems
to change rather slowly over time, primarily in response to changes in the net
migration rate. Consider the following regression:

(10)
Z=—018741029 Z_;+0109 ANMR’,
(0-098) (20-932) (2:248)
R2=0952, S.E.E.=0'671, F(1,24)=26033

where Z=percentage of female population-aged 15-64 that is aged 15-34,
ANMR;=the fall in NMR;, 195661 to 1961-66. '

The positive coefficient of ANMR,is in accordance with a priori considerations,
suggesting that the larger the reduction in NMR between the two intercensal
periods, the higher the level of Z in 1966. The coefficient of ANMR’, in (10)
is significant at the 05 level (f.g5=2-064), but it might be questioned whether
the inclusion of this variable adds anything to the explanatory power of the
relationship. Equation (11) shows the results obtained when A NMR}is dropped.

(11) )
Z=—0879+1063 Z_, R*=0-945, S.E.E.=0'724, .
(0431) (21-095) F(1,25)= 444907

Obviously the improvement of (10) and (11) is shght but it is statistically 51gn1ﬁ-
cant (the F ratio for the additional explained variance due to the 1nc1u51on of
ANMR; is 420, while the critical value of F(1-24) is 4-24 at the - 05 level)

9. The level of the NMR may also bei important, as was indicated by the prO_]CCtIOHS of the earlier
part of this paper. The distributed lag structure used here, however, makes it difficult, in this
instance where the correlation between Z and Z_, is so hlgh to obtain reliable estimates of the
influence of other variables that appear a priori relevant. It is also somewhat dlsturbmg to note that
the coefficient of Z_; in (10) is greater than unity, which implies i increasing weights for earlier
values of the other explanatory variables. More detailed (c.g. annual) time series data might have
facilitated a more satisfactory specification of this relationship.
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. The age distribution of the active female population does not in fact vary
dramatically between the counties. The coefficient of variation of Z is 73 per cent.
On the other-hand, the marriage rate varies pronouncedly. For this reason, the
marriage rate is a more important determinant of EBR’ than is the Z variable,
and the forces that affect the marriage rate are consequently of great importance
to the age structure of the population. It has proved more convenient to treat
the question’of the marriage rate in a separate paper, and only the broad outline
of the findings of that study are relevant here. It appears that both male and female
marriage rates are influenced by the sex ratio of the unmarried population: the
higher the ratio of unmarried males to unimarried females in the marriageable
age groups, ‘the -lower the male, and. the higher the female, marriage rate,
other influences equal. The sex ratio of the-unmarried population, in its turn,
appears to be closely. related to the net migration rate, the very high male to
female ratio found in many Irish counties being the result of high and sustairied
net emigration. The net effect of the sex ratio variable on the fertility potential
of the population may not be simply estimated due to its opposite influences on
each sex’s marriage rate, but it is clear that Irish females’ ‘migration patterns serve
to improve their marriage prospects and thus to raise EBR’ as defined above.

Our findings concerning YD may be simply summarized. The main determin-
ant of YD for both sexes has been shown to be current and past values of the BR.
The intercounty variation in BR was, in turn, substantially explained in terms of
variations in the age and marital status structure of the active population. The
age structure of the active population was shown to depend on changes in the

NMR, while the marital status structure of the population was not examined in
detail in the present paper.

Determinants of Old Dependency

The active population helps determine the level of YD through its decisions
on family formation as reflected in the birth rate. There is no comparable (be-
havioural) link between the active population and the size of the old dependent
population. On the other hand, if the active population is growing rapidly, then
OD (the ratio of the old to active population) will tend to be low, other things
being equal. Thus the active population does influence the level of OD through
its rate of increase. The other major influence on OD that suggests itself is the
level of mortality among the old population: the greater life expectancy at age
65, the higher OD should tend to be if other factors are held constant. Therefore,
writing the per cent change in the active population between 1961.and 1966 as
%A AP, and the death rate. per 1,000 population aged 65 and over (average of
1961-1966) as DR, the following results have been obtained: '

(12) o . | -
+ OD,=4454+0973 (ODnl)_l_ 0-096 (% AAP",)—O'O48 DR,
(2195) - (20-601) C (2824) ¢ (2:678)

R2=0'990, S.E.E.=0-404, F(3,23)= 845400

;o
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(13) : -

ODj= 5713+ 0963 (OD;)_;—0'143 (% A AP;)—0-061 DR
(2526) (17-303) (2+786) (2:472)
R?=0989, S.E.E.=0-422, F(3,23)=747,150

All of the coefficients in these equations have the expected signs (the more rapidly
the active population increases, the lower the level of OD; the higher the death
rate in the old population, the lower the level of OD.), and all are significantly
different from zero at at least the -05 level (¢ >2-069), while those of the lagged.
dependent variables and % A AP, are significant at the -or level (£ >2-807), and
those of % A AP, and DR,, are significant at the -02 level (t >2-500). The problem
of collinearity between the explanatory variables is more evident in these equations
than it has been up to here in this paper: the correlation between the lagged de-
pendent variable and the % A AP variable is high: —0-902 for females. Despite
this, the separate influences of each of these variables appears reasonably accur-
ately estimated in (12) and (13). » .

Analogously to our treatment of the equations for YD, (12) and (13) may be
used to obtain combinations of OD_; and % A AP that are consistent with no
change in OD:

(124) |
(OD,,)_1=20258—3-556 % AAP,,
(130)
(ODy)_1=44'55—3-880 % AAP;

(The DR has been set at its national level, namely, 81-4 for males and 67-0 for
females.) Although having approximately equal slopes, the locus of AOD=0
for females lies far above (i.e. to the north-east) that for males. This implies that
for a given level of OD_; it requires a much higher rate of increase in the female
active population than in the male active population if OD is not to grow. Thus,
taking the 1966 national values of OD as OD_,, the OD,, will rise for all values
of % A AP,, less than 0-7, compared with the value of % A AP, of 6-2 that must be
reached if ODy is not to rise. The slightly steeper slope of the female equation
(13a) would be expected because of the lower mortality of the female population.

The coefficients of the lagged dependent variable in (12) and (13) may be-
compared with those in (s) and (6), and it becomes clear that the effect of the
independent variables on OD is much slower in its operation than was the case
for YD. The long-run effect of % AAP and DR on OD are —3-556 and 1-778
for males, —3-880 and —1:652 for females, which are 37 and 27 times their
current-period impact. That the initial impact should be so low in relation to the
eventual total impact seems unreasonable, since, for example, our results imply
that only 104 per cent of their total influence of the independent variables on
OD,, would have taken effect after four periods (20 years). The high coeficients
for OD_; in (12) and (13) may be a reflection of the difficulty of obtaining an
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accurate picture of the time pattern of the response of OD to its determinants
when the only time series data available-are at five-year intervals. A further
drawback to the specification is that it constrains the lag structure of both
independent variables to be equal.

Despite these reservations concerning the interpretation of (12) and (13), it
may be safely concluded that they serve to document the role of the rate of
change in the active population and the death rate in the old population in the
detetmination of OD. In the Irish context, it would be expected that the active
population grows or declines primarily in response to the net migration rate..
Thls in fact appears to be the case:

(14)-

*

% AAP,=6839—0'908 NMR - R?*=0-809, S.E.E.=1'959,
o (8 473) (10-542) o F(1,28)=111-145
(1s) ' o . '
/, AAPf—é 079—0-727 NMR’; R*=0817, S.E.E.=1-611,
(8:531) (10°826) _ F(1,25)=117-202 ‘

The death rate among the old population should vary as a result of differences
in the age structure of this population. An expected death rate, EDR, may be
developed by applying the five-year mortality rates taken from the 1960-62
Life Table to the county population by age in 1961 and dividing the résultant
expected number of deaths by the relevant population. When this expected
d%ath rzilte was used to explain the actual death-rate, the following results were
obtained:

(16) | | ’
DR,,=134191—0-670 EDR,, R%®=0-013, ‘
(2935) (r1ss) SEE=s481 ‘
F(1,25)=1338 .
(i7) - o ' o
DR;=60-41740:117 EDR; R%=0036
(2511) - (0-322) S.E.E.=3-519 F(1,25)=0100

Thus, surprisingly, neither of these regressions is' significant, and the expected
death rate (that is, the age structure of the population aged 65 and over) does
not help to explain the variations in the actual death rate. A possible reason for
this outcome is the very small (relative or absolute) variance in the EDR: the
variances are 3-435 and 3-620, the coefficients of variation 2-35 and 2-87 per cent,

for malés and-females respectively. This reflects the fact that the age structure of
the old population does not vary miuch from county to county. The actual death
rates are therefore mostly a reflection of age-specific mortality in each county.

In this regard the greatest sotirce of vdriation is possibly the higher level of mortal-
ity in urban areas. A measure of age-specific mortality is provided by the gap
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between DR and EDR: when this is positive it indicates that age-specific mortality
is generally higher than average in the area, and vice versa. It happens that there
is a significant, negative correlation between this measure of age-specific mortality
and the EDR: v

(18)
DR,—EDR,=134271—1-671 EDR,, R?=0219
(2937) (2-881) . S.E.E.=s5481,
F(1,25)=8-301,

(19) . ,
DR,—EDR;=60"462—0884 EDR; R*=0-161,
(2-512) (2°442) S.EE.=3519
F(1,25)=5972

Equation (18) is significant at the o1 level, and:(19) at the -05 level. The negative
correlation indicates that there is some tendency for countries with older than
average age structures to have lower than average age-specific mortality rates
(confining ourselves here to the population aged 65 and over).  This is most
probably a reflection of the high mortality in urban areas, where the net emigra-
tion over the years has been lower than average and has tended to reduce the
average age of the over 64 population. :

In summary, the study of OD led immediately to the forces that determine the
rate of change of the active population and the mortality conditions of the old
population. The active population was shown to vary closely in response to the
net migration rate, while the number of deaths occurring among those aged
over 64 was seen to vary mostly in response to age-specific mortality rates, which
in turn showed some tendency to be inversely associated with the average age

of the old population. : :

Conclusion

The roles of birth, death and migration rates in the determination of the age
structure of the Irish population have been studied from an empirical viewpoint
in this paper. The most striking feature of Ireland’s present age structure is its
combination of fairly high levels of both young and old dependency, which is
unusual in the light of the general tendency for the levels of these dependencies
to vary inversely to each other. The explanation of this aspect of Ireland’s popula-
tion' structure was seen to lie in the heavy and prolonged net emigration the
country has experienced. ' ‘

The high level of young dependency found in Ireland was seen to be a reflection
of the high birth rate that prevails among the active population. The high level
of old dependency was seen to arise from the slow rate of increase, or the decrease,
in the active population, which in turn was a reflection of high net emigration
rates. s
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The prospects for young, old and total dependency in Ireland may be studied
under a variety of assumptions about the birth and net migration rates. Although
the immediate outlook appears to be for a lower level of old dependency due to
the slackening of the rate of net emigration, we saw that existing birth rates imply
a rising level of young dependency, and the prospectiverisein young dependency
could well exceed the fall in old dependency. Thus, any significant fall in the bur-
den of total dependency in Ireland appears contingent on a fall in the birth rate
and at least no increase in the emigration rate. Since marriage rates are unlikely
to fall, and in all probability will continue to rise, lower births rates will be
attained only if marriage fertility declines quite substantially.

The regression results presented in this paper could be regarded as a model of
the determination of young and old dependency for both sexes. Young depend-
ency was made a function of current and past birth rates which in turn were made
functions of the age and marital status composition of the active population.
The age structure of the active population was seen to vary with changes in the
net migration.rate, while.the marital status composition of the population was
not explicitly studied in the present paper.

Old dependency was made a function of current and lagged rates of change
in the active population and the death rate of the old population. The rate of
change of the active population is very closely determined by the net.migration
rate, while the death rate of the old population 'seems to reflect mostly the pre-
vailing age-specific death rates. : :

If the age-specific death rates and the various net migration rates are regarded
as exogenous variables, the regression results could be taken as a model of de-
pendency, which “explains’ dependency in terms of lagged values of dependency
and current and lagged values of the exogenous variables. It is readily seen that
the model specified is recursive.l® The utility of a model of this type for fore-
casting changes in population age structure is at once apparent, as is its limitation,
namely, that the forecasts obtained are critically dependent on the values of the
exogenous variables used in their preparation. In particular, reliable predictions
of the net migration rate and birth rate would be essential, but elusive, prere-
quisites for the application of this model to the task of forecasting. The causesof
variation. in net migration rates have received some attention of late, and the
econometric work on this subject may help in preparing population forecasts
(¢ [12]). Forecasts of birth rates could be prepared on the basis of an extrapolation
of the recent upward trend in marriage rates combined with various assumptions
as to the course of marriage fertility. This last variable is probably the hardest
component of Irish vital rates to forecast over the immediate future, and the most
crucial single factor in determining the future of the Irish dependency ratio.

N -

10. A model is recursive if the matrix of structural coefficients of the current values of the
endogenous variables may be diagonalized, so that the entries above the main diagonal are all
zero. In order for Ordinary Least’ Squares estimation (which has been used exclusively in this
paper) to yield best, linear unbiased estimates of the parameters of a recursive model it is necessary’
that the*disturbances of the all structural equations be independently distributed.
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APPENDIX
Note on the Age Structure of Net Migraiion, Ireland 194666

At various points in this paper the importance of obtaining some knowledge about
the age structure of net migration became evident. For example, the population pro-
jections that were undertaken to ascertain, among other matters, the cffect of migration
on population age structures were crucially dependent not only on the level of total net
migration but also on its distribution between the various age groups. In my earlier
study on migration, it was remarked that one of the surprising aspects of the 1961-66
period was the relatively small reduction in the net migration rate among the 15-24
age group [12. p. 24). In this Note some tentative findings regarding the age structure
of net migration are presented. The findings reported here are strictly exploratory in
nature. :

If we could assume that a forecast of the overall net migration rate (M) were available,
the task before us here is the allocation of this total among the various age groups to
obtain M; age-specific net migration rates. (In practice, the four five-year age groups
between 15 and 34 have contained the bulk of Irish net migration in the post-war
period, and our attention is confined to these four age groups in this Note. Thus, M
refers to the total net migration rate for the population aged 15-34.) We may define
N analogously with M, where N refers to the rate of natural increase of the population
in the absence of net migration. (The age-specific rates, N;, may be calculated by apply-
ing five~year survival rates to the population aged i —1 at the start of the period.) Since
there have been four intercensal periods since the war, and age-specific migration data
have now been published for all of them [2, 1966, Vol. II, pp. xvi-xvii] we can generate
16 observations on (N;/N), and (M/M), (i=1, . . . 4 (age groups): t=1, . . . 4 (inter-
censal time periods)). In order to try to shed some light on the determinants of migra-
tion age structure, the model has been specified:

(A1) (M M)=a,+a;(N;/N)i+a,D1+a;Dp+a,Dy+u;

where, in addition to the previously defined variables, D;, D, and D, are dummy
variables for the age groups and u, is the stochastic disturbance term. Thus,

D,=1 if i=1, zero otherwise,
D,=1 if i=2, zero otherwise,
Dy=1 if i=3, zero otherwise.

The model hypothesizes that the ratio of the net migration rate in the i age group
to the total net migration rate in each time period is a function of the ratio of the i*
age group’s rate of natural increase to the total rate of natural increase in that time period,
and an intercept term that differs for each of theiage groups and thus reflects the shift
effect of factors other than (N;/N), upon the relative rate of net migration. Since the
D; assume the same value in all time periods, these shift factors are assumed invariant
over time, and this is a major limitation of the present model. The approach is thus an
analysis of covariance in which the (N;/N), variable is a continuous variable of the kind
usually found in regression analysis, while the D, variables are categorical variables of
the type found in analysis of variance. The only a priori expectation about the values
of the parameters in (A1) is that a;> O. Estimation of (A1) using the data described above
for males and females separately yielded the following results:
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(Males): :
(M;/M)=0"380+0345 (N;/N)/—0029 D, +0611 D,
‘ (2:780) (2-204) (0'121) (1-651)
40322 D, R?=0785, S.E.E.=0271,
(1317) : F(4,11)=14719
(Females): , T
© (MyM);=0418+0178 (N;/N),+0'253 Dy+0925 D,
(4°094) (1°620) (1247)  (3'354)
40245 D, R2=0858, S.E.E.=0-204,
(1+634) - F(4,11)=23'595

First of all, it is clear that both-of these regressions are overwhelmingly significant
(F(4,11).0;=5'67). The coefficients of the (IN;/N), terms are of the expected sign, but
only that for males is significant at the -o5 level. (That for females is significant only at
the -20 level) There is a fairly high correlation between the N,/N variable and D,
for both males and females (r=0-728 and 0727, respectively), but otherwise the “inde-
pendent” variables are not highly intercorrelated. With the exception of the coefficient
of D, for females, and the intercept term in each equation, none of the other coefficients
is significantly different from zero.

These results leave much to be desired: despite the fairly high R3s, it cannot be claimed
that the parameters of the model have been at all reliably estimated. It is probably asking
too much of the rather limited data used to expect satisfactory estimates of the five
parameters. The results are suggestive, however, and with additional data better estimates
of the parameters might be obtained. To illustrate the usefulness of such results, it is
worthwhile to record the outcome of a simple experiment aimed at forecasting the
age structure of net migration 1966-71: Assuming that the aggregate rate of net migra-
tion, M, would be at its 1961-66 level and calculating N and'N; from the 1966 popula-
tion by age and the 1960-62 Life Table survival ratios, it is possible to use the above
equations to estimate that values of M; for 1966-71. Relating these forecast M; to the
1966 population by age it is possible to obtain forecasts of the number of nct migrants
in each age group. The results of this experiment are presented in Table I. The actual
number of net migrants 1961-66 are also presented for comparative purposes. Some
interesting aspects of this exercise may be seen from the Table. The same aggregate net
migration rate implies a smaller number of male, and a larger number of female,
migrants in 1966~71 than in 1961-66. Moreover, our model suggests a fairly substantial
change in the age structure of migration between the two periods. Of course, these
changes in the age structure of migration are a reflection of the changing level (N;/N),,
which in turn is partly determined by past levels of net migration. Thus, the very high
relative migration rate in the 15-19 age group in 1961-66 produces a low relative
natural increase for the.20-24 age group in 1966~71, and this leads our model to predict
a.reduced percentage of total net migration in the latter age group between 1966 and
1971.

The forecasts presented in Table I are not only contingent on the accuracy of the
aggregidte net migration rate, M, that is used in preparing them, but also on the meaning-
" fulness of the model specified in (A1) and the accuracy with which the parameters of
this model have been specified. The weakest link in this chain at. present appears to be
the statistical testing of (A1). As mentioned earlicr, with increased availability of data,
it may be possible to strengthen this link if the model is still found to be of interest.
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TaBLE I: Projected Net Migration 1966—71, and Actual Net Migration 196166,
by Age and Sex

Males Females

Age Group 196166 actual 1966-71I projected 196I~66 actual 1966~7I projected

15-19 14°6 7°0 1472 107
20-24 251 22°0 226 207
25-29 50 72 30 77
30-34 +2-0 31 +o1 32
15-34 42°7 402 397 42°3

+ =Net immigration.

Assumption: net migration rate (population aged 15-34) equal in 1961-66 and 1966-71.

References

1. Central Statistics Office, Census of Population of Ireland, 1961 and 1966, Volumes I and II,
Dublin 1963, 1967-8.

2. Carl F. Christ, Econometric Models and Methods. New York 1966.

3. Commission on Emigration and Other Population Problems, Reports. Dublin 1954.

4. Department of Health (An Roinn Slainte), Report on Vital Statistics. (Tuarascail ar Staidreanh
Beatha), 1061-1966, Dublin 1963-1968. (Compiled by the  Central Statistics Office).

s. Richard A. Easterlin, “Population”, in Contemporary Economic Issues ed. by Neil W.
Chamberlain, Homewood, Illinois 1969.

6. Louis I. Dublin and Alfred J. Lotka, On the True Rate of Natural Increase, J.Amer. Stat.
Assn., 1925, 20, 305—327.

7. P. Kaim-Caudle, Social Policy in the Irish Republic. London 1967.

8. Nathan Keyfitz and Wilhelm Flieger, World Population: An Analysis of Vital Data. Chicago
1968.

9. C.E. V. Leser, Recent Demographic Developments in Ireland, J.Stat. & Social Inquiry Soc.
of Ireland. 196465, XXI (III), 179~201.

10. P. H. Leslie, On the use of Matrices in Certain Population Mathematics, Biometrika,
1943, 33, 183-212.

11. David O’Mahony, The Irish Economy: An Introductory Description, Cork 1964.

12. Brendan M. Walsh, Some Irish Population Problems Reconsidered, Economic and Social
Research Institute Paper No. 42, Dublin 1968.

I





