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ABSTRACT

This thesis Is a response to a gap in our economic
know |l edge. The Canadian population Is expected to age
dramatically over the next several decades and the impact
of this phenomenon on our overall level of economlc

activity has not been previously examined.

we develop an empirical relationship between
economic welfare and demographic structure using standard
econometric techniques. We then couple this estimated
relationship wlith a variety of population forecasts and
calculate possible tfme paths of per capita output in
Canada to the year 2031. We conclude that a higher level
of economlic wélfare could be attained |f the current

aging trend were to be slowed or arrested.




INTRODUCT ION

Decreasing fertility rates and longer life
expectancles have caused the proportion of the Canadlan
population defined as ‘elderly’ to double in the past
sixty-three years.1 This increase Is refiected in the
median age of Canadians which has risen from 24.0 to 30.8
years In the same perlod.2 This phenomenon is called
"population aging." If current fertility trends continue,
this aging process is expected to accelerate over the

next several decades.

As population growth slows, a country‘s demographic

~structure changes: There will be proportionately more
older people and fewer younger people. Just as
Individuals change as they age, so do economies.

Certainly we expect ‘young’ economies to differ from
‘old’ economies. Given that the aging of the Canadian
economy seems inevitable, we would apprecliate some

forewarning of the changes which are likely to occur.

2The purpose of this thesls is to gain as much
insight Into the effects of this phenomenon as possibile
using standard econometric analysis. The study fs
exploratory in nature. We will search for a relationship
between population growth and our economic wel l-belng.

Immediately we encounter a problem: In a macroeconomy,




everything depends on everything else. For instance, we
expect consumption patterns to change as a population
changes. We may expect the demand for rattles to decrease
and the demand for dentures to increase. Moreover, not
only are we Interested in how the composition of
aggregate demand changes, we are interested In whether
the level of aggregate demand will change. However , I f
the level of aggregate demand changes, the level of
national Income will change thus causing the level of

aggregate demand and its composition to change. We have

travelled a clfcultous route back to the beginning of our

example: A change In aggregate demand will cause other
varlables to change which will cause aggregate demand to

change again.

In Chapter | we suggest some other variables which

may also change because of population aging. Like
aggregate demand, a priori, we will not be able to
identify the impact of population aging on them

unambiguously. This Is not a useless process because it
will Help us to define the question central to our
discussion: Wil the economic welfare of the average
person Increase or decrease as the Canadian population

ages?

Thus, In Chapter 11, we shall define our measure of




economic well-being and the demographic variables we
expect to influence It. After modelling the relatlionship,
we will use data from 1926 to 1984 to estimate this

relationship In a multiple regression model.

In Chapter 111 we shall incorporate three population
growth scenarios into our model In order to forecast the

effects of population aging on our level of economic

welfare. We offer our conclusions In Chabter V.




Chapter |

POPULATION AGING AND THE ECONOMY

As a population ages, the elderly play a
progressively larger role In determining the
characteristics of our society while the role of the
young diminishes. This change In the relative importance
of each age group will affect several economic variables.
Four varliables that comé to mind immediately are
aggregate consumption, aggregate savings, average labour
productivity and government expenditures. Our level of
output Is both dependent upon and determined by these

variables. Therefore, because population aging influences

these variables, It will also affect output and, when
output changes, these varliables will be further affected.
In this chapter we shall Investlgate the

relationship between these varlables and population
aging. These relationships are fairly comp!icated as each
involves a number of simultaneously changing variables.
Our dliscussion wlill be simplified by examining each of
these 'four economic variables separately. We will find
that population aging does Influence these variables, but
we will not be able to determine, a priori, if their
combined effect on national income will be positive or

negative.




People of different ages consume different goods iIn
different quantities. Therefore, as a population ages, we
will observe changes In the composition of goods and
services demanded; less demand for youth-oriented goods,
such as dlapers, and more demand for goods that the
elderly wusually buy. This necessitates a shift Iin the
production decisions of firms and, in turn, forces the
transfer of factors of production out of Industries
manufacturing goods for the young and Into those
producing goods for the elderly. Firms affected by this
reallocation face a period of adjustment during which
time they will wutilize a suboptimal combination and
number of Inputs In production processes. That Is to say,
ad justment costs will be Iincurred. Thus population aging
might be expected to have a negatiVe effect on output.
However, the changing demand for goods might be
compensated for through trade. In this way, the need to
real locate resources from the production of one good into
the production of another good might be delayed or
possibly eliminated. International trade would thus help

to cushion the impact of shifts in the demand for goods.

As opposed to commodities, shifts in the demand for
services generally have to be satisfied domestically. As

the population ages, we will experience a movement away

from youth-oriented services toward those services




catering to the elderly. Therefore, domestic factors of
production of services will be reallocated. This shift
will result in a movement of labour Into expanding
service Industries. Labourers who find that the demand
for their services is decreasing must find new employment
and, in some cases, this may require retraining. Once
agaln, adjustment costs willl be Incurred as factors of
production (Iin this case lébour) are real tocated. Again
these costs will be at the expense of our I|evel of

output.

The negative effect of adjJustment costs on our
level of output could, however, be offset by shifts in
aggregate demand. As the relative size of the elderly
population increases, demand for ?ood, clothing, and
services tends to increase while the reverse is true for
housing and durables.3 Thus aggregate demand overall may
decrease or Increase. An Increase in aggregate demand
stimulates factor markets as firms try to produce an
Increasing number and quantity of goods and services. As
the slize of factor markets Increases, higher levels of
output and consumption are attained. However, the

opposite Is true for a contractlion of aggregate demand.

We cannot be sure of the direction of this shift.

Therefore we cannot determine [f the overall effect of a




change in aggregate demand associated with popuiation
aging influences output poslitively or negatively. Thus
we cannot predict the effect of population aging on
consumption without examining a general equllibrium
model. For our purposes It Is sufficient to note that as
the population ages, the composition of consumption
changes and in response to this, firms wil] adjust
output. While the net effecf may be positive or negative,
demographic changes will clearly have some influence on

our level of output.

Population aging also Influences our level of
aggregate savings. This occurs because accumulated

savings differ for people of different ages. According to

the life-cycle hypothesis, in a houéehold's early years,
as It Is being formed, it is quite probable that income
will not exceed and, in many cases, wIII'faII short of
spending. In the middle years, planned consumption wil|

normally be less than income as savings are accumulated.

In the later years, Income probably falls significantly
particularly following retirement. Consumption will then
exceed income, and savings will be decumulated.? Thus,

as the proportion of elderly people Increases, we can

expect the level of aggregate savings to be affected.

Unfortunately, it Is difficult to predict whether




the effect of population aging on aggregate savings will
be positive or negative. Recent analyses using models of
varying degrees of complexity have produced different
results. A simple model based on the Il fe-cycle
hypothesis Iindicates that aggregate savings Increases as
a population ages. However, a more complicated model,
which consliders the decumulation of savings In the middie
years as mortgages are 'pald and the education of
offspring Is financed, predicts a negative relatlionship
between aging and savlngs.5 Thus we cannot ascertalin the

Impact of population aging on savings unambiguously.

If we can. find a relationship between demographic
factors and output (real Income), we will be abie to
predict how population aging affécts savings . I f
population aging causes an increase in income, we would
expect savings to rlée since the marginal propensity to
save Is positive with respect to income. However, while
this Implies that population aging will influence
savings, we cannot be certain if the net effect Is
positive or negative uniess we know its net effect on
output. Once again the relationship between output and
our population’s age-profile is not known and we can make

no unambiguous predictions about the effect of population

aging on this variable.




Population aging and the resultant aging of the
labour force wlill affect labour productivity. A younger
person might be expected to work with a great deal of
speed, but he might lack experience and thus much of his
effort could be wasted. The opposite might be expected
for an older person. Therefore, different levels of
productivity wlll be associated with each age group.
Because of these dlfferenceé the average productivity of
the labour force changes as a population ages. To assess
the Impact of thils change, we must compare the relative
contribution to output--the value of the marginal
product--of workers of different ages. Theoretically,
this could be aécompllshed by observing that the value of
the marginal product 6f a unit of Jabour |Is equal to its
wage in competitive markets. Relative productivity of
labourers of different ages could thus be expressed as

the ratio of their wages.

Unfortunately productivity Is not the sole
determinant of wages in Canada: Seniority and inter-firm
relationships are also conslidered when wages are
determined. As Sen!orlty Is related to age, we would
expect elderly labourers to be paid more not necessarily
because they are more productive, but merely because of

thelir age. This biasling of wages In favor of the elderly
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makes it difficult to determine relative productivity

based on wages. Thus we cannot determine if an older
labour force is more productive than a younger labour
force. We can only say that population aging influences

productivity, and this, in turn, affects output.

The composition of government expenditures must
also be altered as demographic changes occur. With
proportionately more elderly members, funds must be
shifted into programs such as medical insurance and
public pension plans and out of youth-oriented programs
such as education. The total costs of programs for the
young as opposed to the costs of those for the elderly
must be consldéred when assessing the consequences of
this shift. 1t Is estimated that the expenditure
dependency ratio Is approximately 2.5 in canada.® This
means it costs the gévernment (and thus society) two and
a half times as much to provide for an elderly person
annually as it does to provide for a younger person in

the same period.

Therefore, as the population ages, the cost of
supporting its non-productive members--the old and the
young--increases even if the percentage of non-productive

members remains the same. Thus the same level of services

can be maintained only if productivity gains are
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sufficient to meet the Increased demand for goods.
Without such gains, we would have to make a choice. We
could Increase taxes so that the same level of soclal
programs could be maintained. However, higher taxes leave
the taxpayer with l|less disposable Income. This results In
lower consumption and thus lower output. Alternatively,
we could malintaln taxes at thelir current Ilevel while
reducing soclial programs. <Elther way, at least part of
the population (taxpayers or the young and old or sohe
combination of the two) becomes worse off because of the
Increasing cost of providing publlic services to greater

numbers of elderly people.

A problem érises In determining how to dlivide this
burden among the popu]atlon. Those who have retired,
having spent thelr working lives supporting programs for
the elderly, will no doubt be strongly opposed to cutting
them back as they have contributed to them Iin the past
and now expect to benefit. However, |I[f programs are not
cut back, a greater tax burden falls on the entire
populatlon. This Jleads to a decline in the standard of

living for all members of soclety. This problem becomes

more acute as the proportion of the poputation that is
elderly grows. Thus, as the population ages, we can
expect to observe an overall Increase in the demand for

government programs resulting in a greater burden on all
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of soclety. This leads to a lower standard of living and

would thus be a negative effect of population aging.

We have not yet determined If the effect of
population aging on output Is positive or negative. While
we can predict the negative Impact of lncreasing
government expenditures on programs for the elderly, this
could potentially be offset by changing savings,
consumption and productlivity as discussed above. Because
all of these changes occur simultaneously, we cannot
conclusively argue that the Impact of population aging on
output will be positive or negative. However, we have
shown that there. is some relationship between output and

a population’s age-profile. The speciflcation of this

relationship will be the object' of this study.
Furthermore, if this relationship can be found, we will
be able to estimate how other economic variables wiil be

Influenced by population agling.

In the next chapter we examine the relatlionship
between_ population aging and output empirically. Two
models .are developed and, from these, a serilies of
hypotheses are tested. The equation which best describes
the relationship between demographics and output will
ther be used to predict how future population aging can

be expected to Influence our level of economic welfare.

i
t
i
i
I
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Chapter 11

THE RELATIONSHIP BETWEEN OUTPUT AND DEMOGRAPHY

In this chapter we emplrically examine the effects
of demographic makeup on our level of  output. The
structural relationships dliscussed In Chapter | are
redefined as reduced form equations for estimation. This
enables us to negate any simultaneous equation blas which
would arise If we had tried to estimate relationships in
which some varliables are both depéndent and explanatory.
An example of this would be aggregate consumption which
Is both dependent on and a determinant of output. Usling
feduced form equations allows us to calculate output
strictiy 1In terms of demographic varlables. Thus our

models are as fol lows:

Y = f(MP, VP, CTP),

CY = g(MP, VP, CTP), where

Real Gross Natlonal! Product per Capita Is denoted by Y,
Economic Growth is denoted by CY,

the median age of the population Is denoted by MP,

the vérlance across the population Is denoted by VP, and

the rate of population growth is denoted by CTP.

The endogenous (dependent) variables were

calculated from Statistics Canada popuiation estimates

and GNE statistics. Recent GNE statistics are from "The
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Bank of Canada Review" (see Appendix A).

Real Gross National Product per capita is denoted
by Y. It was calculated by dividing flgures for Real
Gross National Expenditure by those for total population.
Thus defined, the varlable Y glives us the average value
of output of each member of soclety Iin a gliven year
measured In thousands of 1971 dollars. It Is assumed that
the more we produce, the more we will be able to consume
and that the more we consume, the better off we are. We
recognize that growth in output will not necessarily
benefit every member of society equally. However, we are

Interested Iin effects on the population as a whole.

GNP per caplta, our measure of the average level of
output for each member of soélety, thus fits the
requirements of our study and,. as defined, Is Indlicative
of our average level of economic wel l-belng. This
statistic may show a tendency to be autocorrelated. This
problem arises because, until the year 1971, censl were
performeg only once every ten years. Populatlion estimates
for the years between censl are based on interpolation
which has the effect of averaging the true variations in
population growth over time. This reduction In var lance
can result in autoéorrelatlon.7 However, Imper fect as

they may be, Statlistics Canada pobulatlon estimates are
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the best avallable to us.

The annual change In Real GNP per capita Is denoted

by CY. It was calculated as fol lows:
CYy, = (Y|-YI-1)1OO/Y|_1, I = 1926, 1927,...,1984,.

Thus deflned, CY |Is the rate of per caplta economic
growth. Since It Is dependent on Real GNP per capita, our

discussion of the varliable Y Is applicable to CY.

The exogenous (explanatory) variables in our models
were all calculated from Statistics Canada population
estimates (see Appendix B), and, like Y, are susceptible

to autocorrelation.

MP denotes‘the medlan age of the population. This
Is the age which divides the population Into two equally

slzed halves by age and Is used to indlcate the relative

age of the population. An Increasing median age will thus
be Indicative of an aging population. Glven our
discussion from Chapter |, we cannot predict, a priori,

how a;'change In the median age of the population will

affect output or the rate of economic growth.

VP denotes variance of the age distribution of the
population. This statistic will describe the dispersion

from the median of the ages of individuals wlilthin the
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population. We have created a varlable which indicates If
the ages of Individuals within the population tend to
cluster around the medlian or If they tend to be more
widely dispersed. This variable was constructed by takling
population data grouped Into flve-year intervals.8® The
midpolnt of each grouping (x)) was squared, and then
muitiplilied by the number of people In that age group
(fj). These wére then summed and the result divided by
the total population (P). anally the square of the
median was subtracted. Our varliance term Is thus defined

as:

VP| = ((f)x;2)|/P|)-(MP|)2, where

I = 1926, 1927,...1984, J = 2.5, 7.5,...,92.5,.

A wider dispersion Implies a more heterogeneous
population and thus a more heterogeneous work force. This
means that a greater variety of labor skills will be
aval lable which might enable us to reach higher levels of
output through Increased speclallization. However, a wlder
dlsperslpn willl also result In an Increase In the size of
our dependent population and thus will have a negative
effect on per caplta output. Thus we cannot predict, a
priori, how changes in variance will affect either output

or economic growth.
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CTP denotes the annual rate of population growth.

It was calculated as follows:
CTP}, = (P|-P|-1)100/P|_.1, | = 1926, 1927,...,1984.

As the population grows, adjustments must be made in the
allocation of resources. The costs of these adjustments
might be expected to have a negative Impact on our
economy. However, because these changes are somewhat
predictable from one year to the next, we expect the
Iinfluence of changes in the rate of population growth to

be falrly small.

Having defined our varlables, several different
equations using data from a varlety of different time

periods were examined using Ordinary Least Squares (OLS)

estimation techniques. This technique compares the
observed values of the dependent and Independent
variables and estimates a linear relatlonship by

minimizing the sum of the squared differences between the
observed and estimated values of the dependent variable.
For example, in Figure 1, "the dots represent actual
observations on. the dependent varlable Y and the
Independent variabie X. Each observation is a certain
vertical distance away from the estimated fine, as
pictured by the double-ended arrows. The lengths of these

double-ended arrows measure the errors.“g The estimator
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Figure |

which minimizes the sum of the squared residuals is

referred to as the OLS estimator.

Econometric analysis was applied to the estimated
equations to determine which time period was most
sultable for our study. In the anafysls that follows, a
number of frequently used statistical terms appear. These
Include R2, F-statistic and t-statistic. The following iIs

a general description of each of these terms.

R2 refers to the "proportion of the variation In
the dependent variable ‘explalned’ by variation in the

independent variables."10 j1ts is formally defined as, |

RZ2 = (YE| - YM)2 / SSE, where
YE| = the estimated value of Y at each observation, 1.

YM = the mean value of the observed Y.11
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Thus the R2 statistic takes on values between O and 1. A
low RZ2 indicates -that the varlation of the dependent
variable is not explained well by our independent
variables while a model with high explanatrory power will
have a high R2. Thus we will place more confidence In
estimated equations with high R2 statistics than in those

having low R2's.

F-statistics and t-statistics are used for joint
and single hypothesis testing respectively. A critical
region Is developed outside of which a hypothesis will be
rejected. For a t-statistic, the bounds of this reglion
are determined by flrst calculating the degrees of
freedom of our model by subtracting the number of
independent variables from the numbe} of observations.
Having calculated the degrees of freedom, we can refer to
a table of critical values of the t-distribution to find
the critical region. For an F-statistic, we must refer to
both the number of explanatory variables and the degrees
of freedom. These statistics are used to determine the
critical' reglon through reference to a table of the F-

distrlbutlon.12

The availability of GNP statistlics dictated that

our initial data set span the vyears 1926 to 1984.

However, It was found that the use of Depression-era data
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(1930-38) resulted In low R2 and t-statistics. That Is,
nelther the estimated equations nor the explanatory
variables conveyed much information. This led us to
believe that the wunusual economic conditions of the
Depression detracted from our model ‘s explanatory power.
These observations were thus omitted, leaving us with a
regression spanning 1926 to 1929 and 1939 to 1984. As the
Initial four observations would add little to our
regression, they were also dropped. Also, it was noted
that the addition of Newfoundland to Canada In 1949
resulted 1In an unusually high rate of population growth
(4.87%) for that year. The values for the year 1949 were
thus eliminated from the model, which now spanned the
vears 1939 to 1948 and 1950 to -1984. Logarithmic
transformations were applied to both the exogenous and
endogenous varlables and séveral regressions with
different combinations of transformed and raw variables
were tested. The highest levels of explanatory power were

found in the following two equations:

Y = agp + ai{logMP + azlogVP + agzlogCTP

CY = bg + b{MP + boVP + b3CTP

The inltlal regression on CY ylelded a plot of
resliduals showing highly erratic errors from one year to

the next over the period 1939 to 1956. This led to the
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hypothesis that a structural shift had occurred in our
relationship about 1956. A ‘Chow’ test!3 for this shift
was per formed for each of 1955-56, 1956-57, 1957-1958,
and 1958-59, To perform this test, separate regressions
were generated for the period prior to the hypothesized
shift and for the perliod following the shift. The sum of
squared residuals (SSE) of each of these two equations
were added to form the term SSEyr. An F-statistic was

then formulated as fol lows:

Fk,n-2k= ((SSEr - SSEyr)/k)/(SSEyr/(n-k)), where

K = number of explanatory variables in model = 4,
n = total observations = 45.
SSEr = SSE of our equation regressed over the

period 1939 to 1948 and 1950 to 1984.

Equivalently:

F4,41= ((SSEp - SSEyr)/4)/(SSEyr/41).

The highest value for this F-statistic (3.82) was
associated with the test for a break between 1956 and
1857. We require an F-statistic less than 2.61, the
critical F-value, to accept with 95% confidence that no
structural shift occurred. Since our calcuiated F-
statistic (3.82) is greater than our critical F-value, we

concluded that a structural shift in this equation
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occurred between 1956 and 1957,

Having found a structural shift in our regression
for economic growth, we then searched for a similar
resulit In our regresslon on output. Testing the breaks
for each of the years from 1953 to 1958 gave a maximum
Calculated F-statistic of 3.85 for the break between 1956
and 1957, which also allowed us to reject with 95%
certainty, the hypothesis of no structural shift. Thus,
between 1956 and 1957, both relatlionships changed because

of structural shifts in the economy .

The shifts }n our two relationships were most
likely caused by the unusual fertility patterns
associated with worild War 11. From 1939 to 1945 the
number of Pregnancies decreased as men enlisted In  the
Armed Forces. When the war ended, men returned home and a
sharp Increase In the number of children born fol lowed.
This trend continued into the 1850's and was still
Observable in the 1960's. This resulted in an unusually
high rate of population growth and a sudden Increase In
the relative number of young people. We believe that
these unusuai Clrcumstances led to the observed shifts.
This means that the relationship between output and our
demographic structure I's not consistent throughout the

period 1926-1984. Thus our pre-shift period Oobservations
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were elimlnated and we based our estimates on data from

the years 1957 to 1984.
The equation,
Y = ag + ajlogMP + azlogVP + azlogCTP,

was estimated for the years 1957 to 1984 and resulfed in
an R2 of .9711 indicating that approximately 97% of the
varlance of Y around its mean value Is explained by our
Independent variables. The F-statistic, F = 268.44 was
wel | above the 3.01 hecessary to reject the null
hypothesis Hg: ap = ay = as = az = 0O with 99% confidence.
The coefficlents of the exogenous variables, with
corresponding t-statistics In brackets, were estimated as

follows (where L denotes log):

Y = -135.91 + 15.73(LMP) + 13.63(LVP) + .0073(LCTP)

(10.48) (13.09) (9.29) (0.03)

For twenty-four degrees of freedom, we require t-

statistics less than -1.711 or greater than 1.711 to
reject: the null hypotheses Hp: a; = 0,1 = 0,1,2,3 at a
significance level of five percent. Because the t-

statistic assoclated with LCTP is within this bound, we

accept that az Is not significantly different from zero.

Because of its insignificance, the vartable LCTP was
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eliminated and the equation,
Y = ap + aiLMP + asLVP,

was tested. This new relationship yielded the same R2
(.9711) as the original equation and a higher F-statistic

(419.42). The new equatlion was estimated as fol lows:

Y = -135.54 + 15.70(LMP) + 13.59(LVP)

(-23.48) (26.59) (17.70)

By eliminating a variable we gained a degree of
freedom. Thus t-statistics beyond the ranges -1.708 to

1.708, and -2.485 to 2.485 are required at the five

percent and onhe percent levels of significance
respectively to reject the null hypotheses,
Hpo: a) = 0,i = 0,1,2. Our t—stat{stics all lie well
beyond these lIevels and thus we accept, with 99%
certainty, that ag,ay, and ap are each significantly

different from zero.

Our equation was now checked for
heteroscedasticlity, a condition which occurs when the
varliance of errors assocliated with each observation
differ in scale and thus results in an inefficient
estimator. In our context this might be caused by
differences In the variances of our explanatory variables

over time. A Goldfield and Quandt test14 for

24
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heteroscedasticity was performed by the fol lowing
procedure. First, the six central observations were
dropped from our model. Separate equations were then
regressed over the perliods 1957-1967 and 1974-1984. For
both reéresslons, we obtained a sum of squared errors. An
F-statistic (3.68) was then calculated by dilviding the
bigger SSE by the smaller SSE. Our critical region for

this test iIs defined as,
F7,7 < 3.79

Since 3.68 |Is less than our critical F-value at a 5%
level of slignificance, the Goldfield and Quandt test
confirms that we can dismiss the existence of

heteroscedasticlty In this equation with 95% certainty.

Another potential problem with our estimated
equation s multicollinearity. Multicollinearlity occurs

when an approximate linear relationship exists between

any of our Iindependent variables. If this arises, our
estimates will be unbliased but roughly equal amounts of
explanatory power wlll be associated with each of our
estimated parameters. Our estimated equation will thus be
unrellable. Because no formal tests for multicollinearity
exlst,15 we must resolve this problem through informal

tests. One of these Involves entering an additional
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explanatory variable In the regression and checking to
see iIf the estimated parameter values are changed
slgnlflcantly.16 If we re-introduce our population growth
variable (LCTP) our parameters remaln almost unchanged

(see Table 1). Another Iinformal test indicating that

Iable |
regression regression
PARAMETER containing LCTP not contalning LCTP
ap -135.91 -135.54
aj 16.73 15.70
az 13.63 13.59

muiticollinearity is not a problem Is If the absolute
values of the t-statistics for the'coefflclents of our
explanatory variables are all significantly dlfferent
from zero.1® our minimum t-statistic Is 17.70 (assoclated
with the population’'s variance). As the critical t-
statistic Is 2.48, this requirement Is met. Based on the
results of our two informal tests, we conclude that
multicolllinearity Is not present In our regression on

Gross National Product per capita.

The equation was now checked for autocorrelation, a

problem which arises when the errors assocliated with the

Oobservations are not Independent of each other. As noted,
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Statistics Canada population estimates tend to be
autocorrelated because Interpolation between census years
tends to smooth the true variations In the data. Each
variable In our equation has been calculated (at least in
part) from these statistics. Therefore, we might expect
to have an error structure which exhibits
autocorrelation. A Durbin-Watson test for autocorrelation
was performed. The Durbin-Watson statistlic associated
with this regression was 0.443, well beyond the bounds
(0.97 < dw < 3.03) required to reject autocorrelation
with 99% confidence. Thus, as predicted, our estimate Is
autocorrelated. A cursory examination of our plot of
residuals Indicated that thils arose because of the
influence of the business cycle. Thus there is little we
can do about thls problem. ‘However; for forecasting

purposes, autocorrelation does not pose a problem.

We examlined our regression for heteroscedasticity,
autocorrelation and multicollinearity. Only
autocorrelation poses a potentlial problem In terms of the
efflclenqy of our estimator although this will not
diminish our equation’'s forecasting power. We thus
predict that the Influence of demographic factors on our

level of economic well-belng is best estimated by the

following equation:
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Y = -135.54 + 15.70(LMP) + 13.59(LVP).

The positive coefficients associated with the variables
logMP and logVP indicate that an increase In elther the
median age or the variance of the age distribution of the
population wlill have a positive effect on Real GNP per
capita and thus will lead to a higher average level of
economic well-belng. Because our relationship Is log-
llnear, each successive Increase In our Independent
variables will have a progressively smaller effect on
output. For example, Real GNP per capita rises by 766
dollars If the median age of the population Increases
from 20 to 21 years. However, while a further Increase to
a median age of 22-stlll results In an lncrease in Real
GNP per caplta, the change Is now only. 730 dollars. The
positive effects of population aging will continue to
declline. When the median age rfses from 40 to 41 years,
GNP per capita rises by 388 dollars. A similar effect Is
observed for the variance of the age distribution of the
population. unit Iincreases In variance have a

progressively smaller impact on Real GNP per capita.
We now turn to our second model,

CY = bg + biMP + baVP + b3CTP,

which was used to estimate economic growth as a function
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of demographic variables. The initial regression on CY
resulted In an R2 of .4251. That Is, only 42.5% of the
variance of CY around its mean is explalned by this
equation. However, the F-statistic, F = 5.91, I's
sufficlently large to enable us to rejJect the nulil joint
hypothesis Hg: bg = by = by = bz =0 with 99% confidence.

Our equation was estimated as follows (t-statistics In

brackets):

CY = 569.01 - 1.37(MP) - 0.021(VP) - 3.63(CTP)

(1.69) (-2.72) (-0.68) (-2.13)

The t-statistics assoclated with varliance VP and
our constant (59.01) indicate bs and bog are not
significantly dlifferent from zero. Thus the varlable VP
was eliminated from the equation whlcﬁ was then re-

estimated as,
CY = bo + biMP + b3CTP.

For this relationship, our explanatory power
dropped slightly (R2= .4141) while our F-statistic rose

to 8.84. Ou} new equation was estimated as follows:

CY = 36.11 - 1.09(MP) - 2.61(CTP)

(4.34) (-3.89) (-3.35)

With twenty-flve degrees of freedom, our t-
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statistics are sufficiently large to allow us to reject
the individual null hypotheses, Ho: by = 0,1=0,1,3, with

98% conflidence.

our Informal tests for multicollinearity indlcate
that our estimated equation may be unreliable. This is
based on the change In our parameter values caused by the
addition of an extra Independent variable (In this case
our variance statistic). Both our coefficlent for
population growth and our constant are signiflcantly
affected (see table 11) by the removal of the varliance

statistic from our equation. Thus multicolllnearity may

Jable ||
regression regression
PARAMETER containing VP not containing VP
bO 59.01 36.11
bl -1.37 -1.07
b3 -3.63 -2.61

present a problem In this case.

Our regression was also tested for the presence of

autocorrelation, "a problem which, we have noted, could
arise due to the nature of our data (particularly our

population data). The Durbin-Watson statistic for this

regression was 2.32. We requlire a Durbin-Watson statistic
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between 1.65 and 2.35 In order to reject autocorrelation
with 95% confldence. Since 2.32 falls within these
bounds, we can conclude that autocorrelated errors do not

present a problem.

A Goldfield and Quandt test for heteroscedasticity

was now applled to this regression. The resultant F-

Flgure |1

YEAR PLOT OF ERRORS
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statistic (3.92) Is greater than our critical F-value of
3.79 at the five percent level of significance. Thus we
cannot reject heteroscedasticity with 95% certalnty. This
leaves us with estimated parameters which are most likely
Inefficlent. This hypothesis is supported by our plot of
errors (see Flgure I1) which shows several unusually
large residuals - for certain years (most notably 1970,

1973, 1975, 1982 and 1984).

" The presence of both heteroscedasticity and
multicollinearity leads us to believe that our regression
on economic growth is highly suspect. We thus judge our
estimated equation to be unreliable. These problems are
most |ikely the resuft of elther speciflcation error (the
exclusion of a relevant explanatory variabie), or the
possibility that the relationship between economic growth
and the population’s age-profile Is neither |lnear nor
‘log-llnear. This regression on economic growth s,
however, the best we can produce. Unfortunately, because
it contalins so many potentlal problems, its usefulness Is
lImited. Therefore, the remainder of this study will be
based on our estimated equation of Real GNP per capita as

a function of demographic variables.

In  summary, the effect of demographic changes on

our level of output per capita is best estimated by the
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following equation: .
Y = -135.54 + 15.70(LMP) + 13.59(LVP)

This equation Indicates that unit increases In

elther the medlan age or the varlance of the population

will exert a Progressively decreasing positive effect on
our level of output per caplta. In the following chapter
we wlll forecast Real GNP per caplta wusing Statistics

Canada population projections and this equation to
pProduce annual expected values of output per capita for
the vyears 1986-é006 and quinquennial estimates for the
period 2006 to 2031. Our results will be wused to
forecast the time path of per capita output In several
Possible future growth scenarlos. Based on the projected
time path of output for each of these scenarios, we hope
to determine If a continuation of our population’'s aging

trend will enhance or diminish our economlic well-being.
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Chapter 111

POPULATION AGING AND FUTURE PER CAPITA ouTPUT

In the previous two chapters we have descr ibed and
estimated how demographic factors play a role in the
determination of our economic well-being. We will now use
our estimated equation to predict the future effects of
population aging on Real Gross National Product per
capita. Four possible growth scenarios and the
assumptions upon which they are based are examined. We
shall then combine these projections with the equation
developed In Chapter || in order to predict the effects
of future demographic changes on our economic wel l-being

as measured by Real Gross Natlonal Product per capita.

Our population projections span tﬁe period 1986-
2031, and are taken from the publication "Population
Projections For Canada, Provinces and Territories (1984~
2006)," the most recently released set of popu]ation
projectio&s from Statistics Canada. A total of eighteen
growth scenarios were formulated based on all possible
combinations of three different fertility assumptions,
two International migration assumptions and three
interprovincial migration assumptions. We will examine

each set of assumptlons separately.

The fertility rate-—the average number of births
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Per woman--is the most Iimportant factor in determining
Population growth. Although it Is currently at a Record
low of 1.66,18 over 80% of population growth Is still
accounted for by natural Increase (blrths minus
deaths).19 Therefore, we can expect changes in the
fertility rate to greatly influence population growth.
The three fertility assumptions (low, medium, high) are

as fol lows:

LOW: Under this assumption the fertility rate drops to
1.4 by the vyear 1985 and remains constant
thereafter. It Is based on the hypothesis that, in
the future, an Iincreasing number of women will
enter the work force and elther delay or forgo
childbearing. It Is also speculated that declining
marrliage rates and Increasing divorce rates will
continue, thus resulting in a lower Incidence of
marital pregnancy. Improved contraceptive methods

may also be expected in the future,?20

MED IUM: Unger this assumption, fertility rates remain
constant at 1.686 throughout the projection period.
While It is useful as a bridge between our high and
low fertility assumptions, It should be noted that

the fertility rate has not changed significantly

over the past six or seven years. It is not known
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i f this stabilization is permanent or transitory.
I1f we assume that [t Is permanent, the medium

fertility scenario will result.?2!

HIGH: This assumption is that the fertility rate will
rise above the long term replacement level(2.1)~-
the level hecessary for the population to Just
replace Itself in the long run22-—reachlng 2.2 by
1995 and remaining constant thereafter. This
assumption can be supported If one notes that those
born in the ‘baby-bust’'--the perlod following the
‘baby-boom’ of the 1950‘'s and 1960‘s—-will reach
working age Iin the early 1990's. It is belleved
that, becaUse of thelr small numbers, they might
have access to better jobs and thﬁs should be able
to attain a higher standard of litving. There would
be less financial need for women to go to work thus
enabling them to begin childbearing at an early age
and thus to bear more children. We might also
expect corporations to formulate policles which

would make it easier for a working woman to become

a worklng mother. This might also encourage more
births and thus an Increase in the fertility
rate.?23

Each of these three fertility assumptions has been |
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combined wlith a single mortality assumption to give us
three possible rates of natural Iincrease. This mortality
assumption Is that life expectancy will Increase to 81.6
years for females and to 74.9 years for males by the year

1986 and remain constant thereafter .24

The second component of population growth, net
Immigration, Is determined by subtracting emigration from
immigration. Because little Is known about the
determination of emigration patterns, a single assumption
placing Its level at 50,000 people per annum was used.?25

Two immigration assumptions were developed as fol lows:

LOW: In the long ruﬁ It is not expected that Immlératlon
levels can fall below 100,000 per year. The | ow
projection assumes Immigration stablillizes at this,
Its current level, throughout the projection

period.26

HIGH: Under this assumption, Immigration reaches 150,000
by 1996 then stabllizes. This |s seen as the result
of an increasing demand for I|abour brought about by

economic development.27

By subtracting international emmigration from each

of our International Immigration filgures we arrive at our

two net immigration assumptions; a high of 100,000 people
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by 1886 and a Iow of 50,000 people throughout the

projection period.

A third component of population growth is
interprovincial migration. The three assumptions
developed result In a wide range of growth possibilities
for the iIndividual provinces. However, they do not
significantly alter the growth and age structure of
Canada as a whole. Therefore, because our study examines
Canada in, aggregate, we wlll not consider separate
interprovincial migration assumptions. This results In a
reduction, from elghteen to six, In the the number of
possible growth scenarios to be studied. . These six
consist of all combinations of our three fertility
assumptions and our two internaélonal migration
assumptions. Statistics Canada. has published detailed

- projections for four of these siXx. These are summarized

In Table Il below:
Table 111
PROJECT ION' FERTILITY RATE INTERNAT IONAL MIGRATION
Chlilldren/woman Net immigration in 1000°‘s

by 1996 by 1996
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We thus have one low growth scenario (Projection
1), two medium growth scenarlios (Projections 2 and 3) and

a high growth scenario (Projection 4).

For each of the low, medium, and high fertillity
assumptions, we observe differences In the growth rate of
the young population (those aged 0-17 years) throughout
the entlre projection period. After the year 2000, the
young age groups of the 1980's Jjoln the labour force, and
its growth Is also altered. Up until this point, the
relative size and composition of the labour force is

virtually unaffected by different fertillty assumptions.

The growth of-the older aged groups (65 years and
over) Is consisfent for each set of assumptions. This was
expected since our projection perlod spanning 1986-2031,
only runs for forty-five years. If our projection period
Spanned more than sixty-five years, the older age groups
would be affected. International migration appears to
have a slight effect on the size of the younger half of
the labour force. Because this group accounts for most of

our births, the younger age groups are also affected. The

differences between = our scenharios result In different
values for the exogenous variables contained in the
equations estimated in Chapter 11. These differences are

summarized as follows (see Appendix C):
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PROJECTION 1: In our low growth scenario, the fertility

rate is well below the replacement level of 2.1. As
a result, the tota] population of Canada grows at a
pProgressively slower rate, peaking at about
28,250,000 People Iin the early 2010‘'s and declining
thereafter. Population aging accelerates with the
median age rising from its current level of 31.6 to
35.0 years In the year 1994 to 40.4 years by 2005.
By the vyear 2031 (the Iimit of our projection
period) the median age reaches 47.9 vyears, The
varlance of the age distribution of the population

decreases rapidiy as the number of yoUng people

falls,

PROJECTION 2: With a constant fertility rate and low net

immigration, Population aging continues at a steady
pace until the turn of the century after which |t
decl ines slowly. The median age reaches 40 years by
the year 2008 and 44.2 years by 2031. Total
popula$ion peaks at just over 30,000,000 people In
the early 2020°‘s. The variance of the age
distribution of the Population declines at a slower
rate than that observed in Projection 1. This
happens because the number of young people is not

reduced as drastically as In Projection 2. Towards
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the end of the projection period, the variance of
the age distribution stabilizes and then Increases
in response to the discrepancy between the relative
age of our population and that of our immigrants
who will have become our principal source of

population growth.

PROJECTION 3: Our alternative medium growth scenario is a
demonstration of the effect of increasing net
Immigration to 100,000 people by the year 1996.
Population aging still occurs throughout the
projectlon period but at a slower rate than
forecast In -either Projectlon 1 or 2. The
population does not reach a median age of 40 vyears @
until the year 2012, and, by 203}, the medlian age
will only Increase to 42.8. Variance of the age
distribution of the population closely follows the |
pattern observed in Projection 2 but at slightly
higher levels. The size of the population increases

at a diminishing rate untit about 2030, when we b

shal i number near 32,700,000.
[

PROJECTION 4: The high growth projJection results in a !
population totalling 30,000, 000 people at the turn

of the century and over 38,000,000 people by the

year 2031. The varlance of the age distribution of
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the population is quite stable throughout the
projection period declining slowly untll the year
2006 before starting on a slow secular climb.
Population aging is slowed and then arrested as
blrths‘lncrease. In the year 20086, the median age
of the population will be 37.05 years, a figure
which changes tittie by 2031. High growth will thus

be assocliated with a low rate of population aging.

We now combine each of our growth scenarios with
the estimated equation for real GNP per capita developed
In Chapter 11. This will produce annual projections to
the year 2006 and quinquennial projections to 2031 for
reai; GNP per capita based on our population’'s age-
profile. When we employ our four population projections

with our estimated equation,

Y = -135.543 + 15.6968(LMP) + 13.5868(LVP),

we obtain results as Iisted in Table |V:
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Y = Real GNP per capita in 1871 doliars

PROJECTION
YEAR 1 2 3 4
1986 5847.02 5867.09 5864.39 5860.36
1887 65927.18 5913.64 5899.01 5900.61
1988 5969.22 6952.72 5941.31 5925.83
1989 6005.15 5968.07 5956.10 5829.21
1990 6043. 41 5991.84 5972 .82 5941.27 ;
1991 6076.25 6014.91 5985.89 5937.12
1992 6102.65 6036.56 5990. 16 5923.35 %
1993 6042.10 6029.81 5983.03 5897.29
1994 6107.59 6022.00 5958.31 5856.99 :
1995 6065.22 5991.62 5943.40 5818.22
1996 6012.49 5923.57 5881.18 5761.49
1997 5964.07 6873.60 5826.31 5699.12
1998 5875.60 5790.35 5738.22 5614.40
1999 5786.60 5692.58 5641.01 5511.23
2000 5695.85 6612.97 5578.06 5463.46
2001 5604.92 65675.32 55642.30 5463.18 !
2002 5518.53 65539.98 5544 .61 55634.05 i
2003 6320.54 5446.77 5495 11 5585.63 !
2004 5015.33 6301.95 5401.80 5627 .41 )
2005 4817.68 5094.10 6292.03 5668.39 ?
20086 4738.51 5077.10 . 5252.01 5728.26 :
2011 4372.98 5269.76 556550.95 6564.37 |
20186 4455 .54 6089.96 6386.67 7697.79 |
|
2021 5039.36 7083.21 7275.51 8776.20 ’
20286 65631.81 7951. 11 8002.99 9547 .47 ‘}
2031 5678.96 8484 .82 8494.15 9914.49
P
========================================================= i

In each case, GNP per capita Increases until a peak

is reached in the early 1990°'s. This peak Is highest for

the low population growth scenario ($6108 In the vyear




44

1994), and lowest for the high population growth scenario
($5941 In the year 1990). For every year In the period
from 1887 to 2002, the low population growth projection
leads to the most favorable level of economic well-being
while high population growth leads to the least favorable
level. This occurs because, Inltially, a lower fertility
rate resuits 1In a relatlvely smaller young population,
and therefore a relatively smaller dependent population.
Output Is thus Increasing at a relatively faster rate
than population, causing the population to be better off
than they would be with higher population growth. Thus,
under the low population growth scenarlo, we maximize our
economic well-belng In the short run. The targest
difference between the high and low population growth
scenarlos In this period occurs In the year 1998 when GNP
per «caplta Is 4.7% higher In thellow population growth
-scenarlo than under the high population growth scenario.
This difference diminishes over time and, by the year
2002, all four projections predict similar levels of

economic well-belng.

After the year 2002, our results are reversed. The
high population 'growth projection now leads to the

highest level of economic well-belng while low population

growth leads to the lowest level. This occurs because, as
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the young reach worklng age, the relative sizes of both
the young aged groups and the labour force stabillze
under high growth. In the other projections, most notably
Projection 1, the relative size of both of thése groups
declines while the percentage of elderly people Iincreases
rapidily. This places a greater burden on the labour force
who must support a relatively larger dependent
population. The average member of soclety would be worse
off In the low growth scenario than they would be if the

high population growth assumption held.

We noted that Real GNP per capita is highest from
1987 to 2002 in our low growth scenario, reaching a peak
of $6108 in the year 1994. The decline that follows this
peak continues unti| about the year 2013 when Real GNP
per caplta Is near $4300. By the year 2031 Real GNP per
capita appears to be levelling off, having reached a
ievel of only $5679, well below Iits 1994 peak. This
contrasts sharpiy with the high growth scenario in which
Real GNP per capita peaks at $5941 in the year 1990 then
decl ines s}lghtly to $5463 by the turn of the century.
After the year 2001 we have a secular (ncrease in Real
GNP per capita which reaches $9914 by the year 2031, a
leve |l much greater than what would be obtained under the

low growth assumption. Thus, a continuation of poputation

aging results In lower levels of GNP per capita in the
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long run than those possible iIf the population aging

trend were to be reversed.

From this analysis we can conclude that a
continuation of the phenomenon of population aging, as
projected In the low population growth scenario, will]l
lead to a slightly higher level of economic well-being in
the short run than that experlenced If population agling
Is slowed or arrested. However, Iin the long run, if our
population continues to age, we can expect our level of
Real GNP per capita to be substantially lower than the
level of GNP per' capita that would be attained I f
population aging were slowed or arrested. Thus, when
assessing the Impact of population aging on our economic
well-being (as measured by Real GNP per capita), we must
we(gh the short-term gains against the long-term losses.

We have noted that a continuation of the population aging

phenomenon will be beneficial In the short run. The
benefits, however, are minimal. In the short run, output
will not be greatly affected by populatlion aging.
However, id‘éhe long run, the Impact of population aging

on output could be quite large. Thus the results of our
projectlions for GNP per capita for a series of population

growth scenarios indicate that a continuation of the

phenomenon of population aging will result in a level of
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economic wel l-belng lower than that possible I f

population growth were to be stimulated.
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Chapter |V

CONCLUS IONS

The purpose of this thesis was to answer a

question: Does our level of economic well-being depend on
the age structure of our economy? Using a standard
econometric analysis of time series data, this question

was answered. It Is an important answer because we know

that the Canadlian population Is aging, and In many ways,
this process Is Iinevitable. By applying Independent
population forecasts to our estimated equation linking
?eal per caplita output and demographic variables, we were
- /able to forecast how our level of well-being would change
%)over the next severai decades depending on the population
growth scenario. Wlth a great deal of .certainty we can
say that if current population trends continue, we can
exbect the welfare of the averagé Canadlian to increase by
some extent Iin the short term, but In the long run

avarage welfare wil| be less than that possible I f

population aging is slowed or arrested. !

Although population aging is regarded as o
Inevitable, our forecast pattern of real per caplta
output need not be inevitable as well. We should keep in

mind that our estimated relation and thus our forecasts

are, in part, based on past behaviour. While the aging
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trend will likely continue, behaviour may change. Indeed,
If agents in the economy are aware of our forecast, we
would expect them to react. For example, firms who plan
now for the future using the Iinformation we have
generated can be expected to respond in such a manner as
to minlmlzg the adjustment costs assocliated with
populiation aging. Because of this, we are confldent that
our forecast somewhat overestimates the long term

negative Impacts of population aging.

{
We have established a functional relationship

between output and age structure and this opens up new
avenues. In Chapter |, we noted that little could be said
about the Impact of population aging on aggregate
consumption, aggregaté saving, labour productivity and
government expenditures on social programmes until we

knew how output would be affected. We now know and

further research into these matters can proceed with the

central issue resolived.
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APPENDIX A

Table A |
nd n vVar i l

Y=REAL GROSS NATIONAL PRODUCT PER CAPITA (1971 dollars)
CY=RATE OF ECONOMIC GROWTH (%)

TP =TOTAL POPULATION (1000°‘s)

GNE =REAL GROSS NATIONAL PRODUCT (1000°'s of 1971 dollars)

(> YEAR ya cyb TPC GNEed
1926 1490 _— 9451 14086
1927 1600 7.38 9637 15423
1928 1711 6.93 9835 16831
1929 1685 -1.57 10029 16894
1930 1584 -5.94 10208 16174
1931 1361 -14.13 10377 14118
1932 1204 -11.50 10510 12654
1933 1111 -7.74 10633 11811
1934 1233 11.01 10741 13245
1935 1317 6.77 10845 14279
1936 1362 - 3.43 10950 14912
1937 1486 9.10 11045 16410 |
1938 1484 -0.14 11152 16545 B
1939 1578 6.33 11267 - 17774 |
1940 1782 12.93 11381 20277 J
1941 2016 13.13 11507 23194
1942 2359 17.06 11654 27497
1943 2425 2.78 11795 28604
1944 2489 2.64 11946 29736
1945 2408 -3.26 12072 29071 |
1946 2302 -4.42 12292 28292
1947 2350 2.11 12551 29498
1948 2358 0.31 12823 30231
1949 2334 -0.99 13447 31388
1950 2462 5.48 13712 33762 |
1951 n 2531 2.77 14009 35450
1952 " 2671 5.54 14459 38617
1953 2735 2.41 14845 40605
1954 2624 -4.08 15287 40106
1955 2796 6.57 15698 43891 |
1956 2960 5.87 16081 47599
1957 2933 -0.91 16610 48718
1958 2918 -0.50 17080 49844
1959 2959 1.41 17483 51737
1960 2979 0.66 17870 53231 |
1961 3001 0.76 18238 54741
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Endogenous Variables (con't)

YEAR ya cyb TPC GNED
1961 - 3001 0.76 18238 54741
1962 3147 4.84 18583 58475
1963 3248 3.22 18931 61487
1964 3401 4.71 19291 65610
1965 3562 4.73 19644 69981
1966 3739 4.96 20015 74841
1967 3795 1.50 20378 77344
1968 3955 4.19 20701 81864
1969 4106 3.82 21001 86225
1970 4150 1.07 21297 88390
1971 4379 5.51 21568 94450
1972 4592 4.86 21830 100248
1973 4879 6.26 22095 107812
1974 4975 1.97 22446 111678
1975 4957 -0.38 22799 113005
1976 5202 4.95 22993 119612
1977 5245 0.82 23258 121988

21978 5382 2.61 23476 126347

1979 5501 2.28 23681 130362
1980 5481 -0.44 24042 131765
1981 5585 - 1.90 24372 136108
1982 5280 -5.46 24634 130065
1983 5398 2.24 24889 134353
1984 5596 3.66 25128 . 140614

8Y| = GNP /TP|, | = 1926,...,1984.
“Peyy = 100(Y| - Yi_1)/Y Zq, | = 1926, ... 1984.

CPopulation estimates are from the following Statistics
Canada publications: Population 1921-1971. Revised Annual
Estimates of Population By Sex and Age Group., for the
vears 1921-1971; Population of Canada By Sex and Age
Group. , for the years 1972-1975; Estimates of Population

By MaritaJ Status., Age and Sex Group., for the vyears
1976-1984 .
dFlgures for Real GNE were taken from Historical

Statistics of Canada, for the years 1926-1975, and from
The Bank of Canada Review, (Aprit 1985), for the years

1976-1984.
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APPENDIX B

Table B |

Exogenouys Variables

jr MP=MEDIAN AGE OF THE POPULATION (years)
VP=VARIANCE ACROSS THE POPULATION
CTP=RATE OF POPULATION GROWTH (%)

YEAR mpa vpb cTPC
1926 24.40 557.85 -
1927 24.52 559.69 1.97 i
1928 24.61 562.47 2.05 !
1929 24.67 566.29 1.97 !
1930 24.71 570.11 1.78
1931 24.75 574.78 1.66
1932 24.93 577.04 1.28
1933 25.14 578.39 1.17 ‘
1934 25.37 580.83 1.02
1935 25.60 583.11 0.97
1936 25.82 585.44 0.97
1937 - 26.08 585.53 0.87
1938 26.39 583.34 0.97
1939 26.66 581.46 1.03
1940 26.93 579.79 1.01
1941 27.08 581.16 1.11
1942 27.24 581.41 1.28 1
1943 27.37 581.73 1.21 i
1944 27.50 581.14 1.28 .
1945 27.61 579.38 1.05 3
1946 27.72 6§75.70 1.82 %
1947 27.74 579.49 2.11 X
1948 27.74 582.33 2.17 g
1949 27.65 583.12 4.87 |
1950 27.70 581,58 1.97
1951 27.69 579.22 2.17
1952 27.60 578.89 3.21
1953 : 27.54 579.03 2.67 !
1954 27.44 579.83 2.98
1955 27.31 581.23 2.69
1956 27.19 583.29 2.44
1957 26.95 587.78 3.29
1958 26.69 593.80 2.83
1959 26.61 600.37 2.36
1960 26.45 608.70 2.21
1961 26.29 618.77 2.06
1962 26.05 632.43 1.89
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Exogenouys Varijables (con't)

YEAR Mp2 vpD cTpC |
1962 26.05 632.43 1.89
1963 25.78 647 .35 1.87
1964 25.58 659.71 1.90
1965 25.48 668.66 1.83
18966 25.47 674.15 1.89
1967 25.53 678.53 1.81
1968 25.64 681.75 1.58
1969 25.82 683.62 1.45
1969 25.82 683.62 1.45
1970 26.02 683.90 1.41
1971 26.26 684.05 1.27 !
1972 26.52 681.82 1.21 i,
1973 26.92 673.38 1.21
1974 27.20 668.75 1.59
1975 27 .47 665.33 1.57
1976 27 .81 666.21 0.85
1977 28.17 661.07 1.15
1978 28.52 657.13 0.94
1979 28.87 654.10 0.87
1980 29.30 646.49 1.52
1981 29.66 642.70 1.37
1982 30.01 639.45 1.08
1983 30.41 634.23 1.04
1984 30.80 627.12 0.986
a,b,Crhese flgures were calculated by the author based on

population statistics contained in the following
Statistics Canada publications: Population 1921-1971.
Revised Annual Estimates of Population By Sex and Age
Group., for the years 1921-1971; Population of Canada By

Sex and Age Group., for the years 1972-1975; Estimates of
Population By Marita] Status, Age and Sex Group., for the
years 1976-1984.
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APPENDIX C

Population Variables From Population Projections

TP=TOTAL POPULATION (1000's)2

MP=MEDIAN AGE OF THE POPULATION (years)b
VP=VARIANCE ACROSS THE POPULATIONC
TP=RATE OF POPULATION GROWTH (%)d

Table C |
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Table C ||

Projection 2
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Table C 111

Projection 3
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Table C |V

|
Projection 4 ‘
YEAR TP MP VP cTP
1986 25625 31.57 613.44 -—
1987 25889 31.93 607.25 1.03
1988 26165 32.28 600.77 1.07
1989 26452 32.62 593.68 1.09
1990 26749 32.95 587.34 1.13
1991 27057 33.27 580.64 1.15
1992 27372 33.58 573.87 1.17 |
1993 27695 33.88 566.92 1.18 /!
1994 28025 34.17 559.70 1.19 |
1995 28359 34.46 552.68 1.19 |
1996 28695 34.75 545.10 1.18 |
1997 29029 35.04 537.40 1.16 Q
1998 29351 35.34 528.82 1.11 .
1999 29663 35.64 519.72 1.06 it
2000 29966 35.91 513.40 1.02 |
2001 30261 36.14 509.62 .98
2002 30547 36.32 509.35 .95
2003 30828 36.50 508.75 .92
2004 31102 36.69 506.89 .89 I
2005 31373 36.88 505.40 .87 Il
20086 31639 37.05 504.94 .85 |
2011 32952 37.47 . 530.04 .80 1
2016 34279 37.50 575.62 .80 I
2021 35628 37.38 625.48 .80 I
2026 36916 37.36 662.43 .70 il
2031 38063 37.52 677.21 .80 \

@These figures are from the Statistics Canada publication
Population Projections For Canada, Provinces and
Jerritories, 1984-2006, |

b’CThese figures were calculated by the author, based on
Statistics Canada population projections.

dFor each projection, the rate of population growth was i
calculated by the author based on Statistics Canada i
population projections for the years 1986-2006. Our ﬁ
quinquennial rates from 2011-2031 are actual Statistics Y
Canada estimates taken from Population Projections For

Canada, Provinces and Territories. 1984-2006. 3
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FOOTNOTES

1Statlstlcs Canada, Estimates of Population By

, (Ottawa: Statistics
Canada, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984,
1985). Population of Canada By Sex and Age Group,
(Ottawa: Statistics Canada, 1973, 1974, 1975, 1976).

Population 1921-1971, BRevised Annual Estimates of
Bopulation By Sex and Age  Group. Canada and the
Provinces, (Ottawa: Statistlics Canada, 1972).

21bid.

3Clark, Kreps and Spengler, "Economics of Aging,"

Journal of Economic Literature, Volume XVI, (September,
1978), p. 938.

4R.A.Shearer. J.F.Chant and D.E.Bond, JThe Economics

Of The Canadian Financlal System, (Scarbourough:
Prentlice-Hall, 1984), pp. 68-69.
' 5Davld K. Foot, Canada‘s Population Outlook,

(Toronto: James Lorimar and Co., 1982), p. 227.

Sibid., p. 137.

7Peter Kennedy, d
Martin Robertson and Co., 1979), p. 80.

» (Oxford:
8persons over 95 years of age were included 1In the
age group 90-95.
| Speter Kennedy, op.cit,, p. 11.
10lplg,, p. 12.
"L eland Blank, Statistical Procedures For

Enaineering, Management., and Sclence, (New York: McGraw-
Hill, 1980), p. 523.

12We have used tables from J. Johnston, Econometric
Methods, (New York: McGraw-HIill, 1972).

13Peter Kennedy, op.clt., p. 70.

14J.-Johnston, Econometric Methods, (New York: McGraw-
Hill, 1972), pp. 218-219.

1Speter Kennedy, op.cit., p. 131.
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161p14.
7)1bid., p. 132.
18statistics Canada, Population Projections _ For

n - , (Ottawa:
Statistics Canada, 1984), p. 46.

¥1bidg.

201bid., p. 19.

21)bid., p. 21.

22 T. Denton and B. G. Spencer, "Population Aging
and the Economy: Some Issues In Resource Allocatlion,"

QESP __Research Repbort No, 105, (Hamlilton: McMaster
Universlity), p. 6.

23Statlstlcs Canada, Population Prolections For
canada,, Provinces and Terrlitorles, 1984-2006, (Ottawa:
Statistics Canada, 1984), p. 20.

24)bid,, pp. 28-29.

25)pid., p. 31.
261p14.
27|D|d-
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