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Abstract

Amendments to the provincial Human Rights Code effectively abolished mandatory
retirement in BC in 2008. Additionally, the Canadian population is aging. The seniors, 65
years of age or older, constitute the fastest growing population group. These facts are
expected to have an impact on the insurance and pension industry as well as on social
programs. In this project, we study the total employment income in BC. The total income
in BC is projected, first, using pre-legislation retirement rates and secondly, using post-
legislation retirement rates that are based on a survey of Canadian workers. The
workforce is projected using a two-decrement model, with death and retirement as the
two causes of decrement. Average annual salaries by age are then applied to the
projected workforces to get the total income in BC. Prediction intervals are calculated

and sensitivity analysis is performed for some of the key assumptions.

Keywords: Mandatory retirement; aging population; multiple-decrement model;

sensitivity analysis
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1. Introduction

Effective January 1, 2008 amendments were introduced to the BC Human Rights
Code (Legislative Session, 2007) to extend the protection against age discrimination to
those aged 65 and over. Under the new legislation, employers must not refuse to employ
someone on the basis of age. Additionally, Statistics Canada reported that the Canadian
population is aging. The proportion of seniors within the population has been steadily
growing since 1960, while population of those under 15 has been decreasing. These
two facts and higher salary range, morbidity and mortality attributed to older ages affect
a whole range of economical, social and medical issues, which are of the great

importance for many companies and government institutions nowadays.

The abolishment of mandatory retirement and demographic changes also affect
insurance products, such as health care, group and pension plan benefits. The objective
of the project is to estimate the impact the new legislation and demographic changes will
have on the total income of population in BC. The estimated total income can be used as
the basis for calculating population contributions to Pension Fund, cost of providing

Health Care and other benefits to the current and projected (future) workforce.

It is noteworthy to state here that the methodology used in this project was
developed for a real insurance company providing health and life benefits. For the sake
of confidentiality, the methodology was applied to publicly available data with some

required changes and assumptions.



2. Data collection and assumptions

The data used for the BC population and their employment income is
provided by British Columbia Detailed Taxation Statistics (Canada Revenue
Agency, 2010). Due to the fact that data is given in 5 year bands, values between

data points were calculated by formulas presented in Appendix C.

2.1. Distribution of exposure by age

In order to better understand the impact of different components to the final
results, the distributonsof BCO0s taxable empl oyment

age and gender during the period of 2004-2008 have been analyzed.

The groups of male and female employees indicate a consistent increase in
size throughout the period of 2004-2008. In 2008, the age distributions of the
population, for both males and females, have two modes, one in the mid-twenties
and one in the late forties. These age distributions reveal the fact that the male
BC workforce around age twenty was only slightly lower than that of the largest
male working group (45-49). For the female workforce, there is a more
considerable difference between the two modes in 2008. We also note that for

the twenties age group, both male and female workforce populations are about

ncome



the same size, whereas there are more forty year old working females than

males.

The number of BC employees by age and gender for the period of 2004-2008

is provided in the following 2 graphs.

m 2004
m 2005
= 2006
m 2007
m 2008

Age group

Figure 2.1. BC Male Workforce over 2004-2008 Historical Period
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Figure 2.2. BC Female Workforce over 2004-2008 Historical Period



2.2. Employment Income

The data for employment income indicates that income differs by age, gender
and calendar year. Employment income has increased over the period of 2004-
2008. In general for each gender, the employment income increases with age
and reaches its peak around late forties, early fifties, followed by a gradual
decrease to 0 at age 75+. It is also observed that men have higher employment

income than women for all age categories.

In order to perform a projection of the total income of the BC workforce, the
average employment income was calculated by dividing the employment income
by the corresponding number of employees. All the calculations are performed
for each age group and gender taken separately. The calculated average
employment income for males and females in 5 year bands is presented in

Appendix C.

It is very important to analyze both population and employment income
distributions due to the fact that their combination under different scenarios may
provide different impact on the total income of BC population. For example, a 1%
increase in the size of the younger population will bring less dollar amount
change in the total income than the same increase in the senior population due

to the higher average salary range at older ages.

The following graphs represent BC employment income for male and female

workforce population.
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Figure 2.3. BC Employment Income for Male Workforce by Age Group
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Figure 2.4. BC Employment Income for Female Workforce by Age Group
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2.3. Retirement rates

Retirement rates are considered in order to make annual projections of the

workforce population for the next 10 years.

Retirement rates were calculated by dividing the number of workers currently
in the labor force planning to retire by the corresponding total number of
employees. The data for the number of people in the workforce and those who
planning to retire is taken from Pignal (2010). All the calculations are made for
each age group taken separately. The retirement rates used are presented in

Appendix D.

It is interesting to note that certain retirement ages are more attractive than
others due to, for example, Public Pension Plan Policy. As seen from the

following graph these ages are 60, 65 and 70.

The retirement rates for pre- and post-legislation periods are presented in the

following graph.
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Figure 2.5. Retirement Rates in Pre- and Post-legislation Periods

The data for retirement rates by gender is not publicly available, so to make
further calculations possible, it is assumed that there is no difference in

retirement rates between males and females.

Assuming that the new legislation would have no impact on retirement rates
before age 65, pre- and post-legislation retirement rates for these ages gender
are assumed to be the same. Pre-legislation retirement rate for age 65 is
arbitrarily set to 0.8, and 1 is for ages 66+. Post-legislation retirement rates for
ages 65-74 are taken from aforementioned Statistics Canada data. Retirement
rates for ages 75+ are assumed to be the same for pre- and post-legislation
periods and equals to 1, which means that every working person is planning to

retire at age 75. For instance, about 53 out of 100 working employees are going



to retire at the age of 65 after the new legislation came into effect, as opposed to

80 out of 100 before the legislation.

2.4. Mortality rates

The mortality rates for males and females for years 2000-2002 were retrieved
separately (Statistics Canada, 2006). This report contains life tables constructed
based on mortality rates observed in Canada for each age and gender. The
mortality rates are assumed to improve over the projection period at the rates
presented in the annual mortality improvement rates table (Montambeault &
Menard, 2010). More precisely, mortality rates for 2008, for example, were
calculated by multiplying 2000-2002 mortality rates by one minus annual

mortality improvement rates for each consequent year based on age and gender.

The annual mortality improvement rates vary not only by age and gender, but
also by calendar year. Montambeault and Menard propose 3 sets for mortality
improvement rates, for calendar years 2005-2009, 2010-2028 and 2029+,
respectively. The improvement mortality rates for 2002-2004 calendar years were
estimates based on historical experience, smoothed and applied to mortality
rates described from aforementioned Statistics Canada report. The resulting
mortality rates are found to be similar to mortality rates for Canada population

(Human Mortality Database, 2007, May).



The following table shows the mortality improvement rates found in Table 5 of

Montambeault & Menard (2010, p.320).

Table 1. Assumed Annual Mortality Improvement Rates

Males Females

Age 20092009 201@2028 20092009 201@2028

0 2.3% 1.5% 1.8% 1.2%
1114 3. 2.20 3.8% 2.3%
1544 2.80 1. %6 1.6% 1.2%
4564 2.0% 1.86 1.%0 1.0%
6584 2.0% 1.86 1.26 0.9%
8589 0.80 0.%0 0.9% 0.6
9094 0.3% 0.0 0.2% 0.32%

95+ 0.0% 0.20 0.0% 0.206




3. Multiple decrement model

3.1. Introduction to multiple decrement model

Multiple decrement models consider the survivorship of an individual subject
to multiple contingencies. These models are extensions of standard mortality
models with exposure to several causes of termination from a given status at the

same time. The termination from a given status is called decrement.

There are different areas where these models can be implemented. As an
application of this extension, life insurance contracts often pay different benefits
depending on the cause of termination, e.g. death or withdrawal. An insurance
contract may provide different coverages for disability and death. The cause of
death may affect the benefit, e.g. accidental death benefits are typically higher
than non-accidental ones. As another example, pension plans provide distinct
benefits for death, disability, employment termination and retirement.

To accurately estimate the cost of such plans the model should take into
account both the time until decrement and the cause of decrement. In survival
analyses this type of model is called competing risk model (David &

Moeschberger,1978).

10



The followingscheme r epresents competing risk model

idead byd,cawhsiech is relevant for cases with
termination.
Dead, cause |
Alive
Dead, cause |

Figure 3.1. Competing Risk Model

3.2. Stochastic survivorship group

Following the notations of Bowers(1997), let “Yw, or Y denote the continuous
random variable for the period of time until the decrement, and 0 w, or ¥, the
random variable representing the cause of decrement.

In order to built the model, the joint distribution of "Yand 0and the
corresponding marginal and conditional distributions need to be found. We
denote by "Q; ohQthe joint probability density function of random variables Y
and U, and by 'Q’Q and "Q ¢ the marginal probability density function of 0 and
Y, correspondingly.

The probability density function "Qy; 6hQ can be used to calculate the
probability of events defined by 0and "Y For example, for & causes of decrement
0 plB M h

L0 iROQE 00m Y 6, 0 Q (3.1)

11



is the probability of decrement due to cause Cbefore time t, and
B _ " hOQO0 00 Y @ (3.2)
is the probability of decrement due to all causes between time points Gand @
The probability of decrement due to cause Cbefore time t is denoted by 1
SO
A LGy ihQQj 0 mhQ pkeiB h. (3.3)
According to definition of the marginal distribution, the probability of

decrement due to cause "Cat any time in the future is

Q70 IR0 on 0 plB R,  (3.4)
and the marginal distribution of “Yis

Mo B Q ohQ (3.5)
and

006 _ Qi 0B (3.6)

Using the superscript T, to refer to all causes of decrement, we can find the

probability of decrement due to all causes
A o0y 6 006 _ Qi Qi (3.7)
and the probability of survival until time 0is

N PN . (3.8)

The total force of decrement at age wis denoted by * , and equal to
‘ — —— | === N =—a¢R . (3.9
Consequently,

12



Q- 8 (3.10)

The force of decrement due to decrement "(tan be similarly defined as

S " d —n 8 (3.11)

Hence,
N Y 0Qo (3.12)
In other words, the probability of decrement between t and O A @Que to

cause "Cequals the probability of staying in the group until time 0, times the
conditional probability of decrement takes place between time 6 and 6 'Q due
to cause 'Qprovided that decrement has not occurred before time o.

It follows from formulas (3.5) and (3.7), that

n . QiQi _ B O ih0OQi

B _ ' ihQQi B n 8 (3.13)
Accordingly,
6o B * 08 (3.14)
The total force of decrement is equal to the sum of forces of decrement due to

all possible causes.

3.3. Deterministic survivorship group

Another approach is to consider the total force of decrement as the total
nominal annual rate of decrement rather than conditional probability density,

according to Bowers (1997).

13



Let & represents the number of survivors to age wfrom the original group,

and'Q represents the expected number of lives who leave the group between
ages wand w p due to decrement j.

It is conventional to denote the total number of lives leaving the group by all
causes betweenages wandw p by Q i.e.
B Q Q, (3.15)
where & is the total number of possible causes of decrement. Therefore,
Q a  a . (3.16)
The probability that a person aged wwill leave the group within one year due

to decrement Qs
A Q a . (3.17)
The probability that & survivors will be fully depleted at future ages by these
a types of decrement is
n Q a B Q &a B f . (3.18)
The probability that a person aged wwill stay in the group for one year is

n p N . (3.19)

3.4. Associated single decrement model

For each of the decrement in a multiple decrement model, a single-decrement

model that depends only on one particular decrement can be defined. Each

14



single decrement table represents survivorship of a group of lives subjected to
only one cause of decrement. The probabilities of decrement in the associated

single-decrement model are called absolute rates of decrements, and denoted

by r']Nj . The term rate is used here to emphasize that r'|Nj is not a probability,
since it is not necessary to have
1 Edp AV 1 Edpp AV mhforal™@ (3.20)

Let us consider an example of a group of employees that can leave the
company due to causes of death or retirement only during a year. Suppose we
are given the probabilities of death and retirement while employees were
exposed to both types of risks. In order to find the absolute rates of death, we
need to assume that no retirement can occur, so there is no competing risk

during the year.

Note that the absolute rate of decrement is always greater than or equal to

the relative rate, since

NI R Qi . o/ ‘ Qi n 8 (3.21)

In real life issues, we seldom observe a system with only one cause of
decrement. Therefore, the relationships between the probability of decrement
and the absolute rate of decrement should be established.

The basic relationship is that the force of decrement due to cause Qn a

multiple decrement model, *  hequals the force of decrement due to cause Qn

15



« Nj

associated single decrement model, , due to the fact that the force of

decrement represents the instantaneous failure rate.

So,
‘ N ol o (3.22
Since
N A@Dﬁ‘ i Qi AQDW B i Qi, (3.23)
it follows that
. « Nj
n ) n- . (3.24)

Some assumptions regarding the time of the decrement emergence within a
year should be made to perform these calculations. There are two major
assumptions commonly made regarding the distribution of decrement within a

year, namely constant force and uniform distribution.

16



4. A Two-Decrement Model

This chapter describes a two-decrement model that will be used for
estimating the total income of population in BC.
Consider the following scheme representing two possible decrements for an

employee.

Death

Active member

Retirement

Figure 4.1. Multiple Decrement Model for BC Employees

These two possible decrements T death and retirement, with assumptions that
retirements occur at the end of the year, while the time of death is uniformly
distributed over each year. Since retirement occurs at the end of the year, the
absolute rate of decrement from cause of death is denoted by r’]Nj hand equals

-Nj

N N ,wheren isthe probability of death described in Chapter 2.4. The

absolute rate of decrement due to retirement at age wis denoted by r']Nj . The

retirement rates, r'|Nj , used for the projection are described in Chapter 2.3.

17



The probability of decrement over one year from all causes is denoted by 1]

and it follows that

(S R A (4.1)
Let & be a random variable representing the number of employees aged win

year 0. Given ¢ employees at age xinyeart, @ has a Binomial distribution

with parameters (¢ ) , wheren is the probability of surviving for any
reason. Consequently, the expected value of the working population at age @ p
inyear 0 p equals
[OX ) € Zn (4.2)
The variance of the number of employees of age ® pinyear0 p equals
W Wi € zZn zNR (4.3)
Let "Y'(be a random variable representing the total income at the projection
year 0. Then the expected value for total income at year 0is
O0"YO BY®&O (4.4)
where "Y® ds the annual salary of a person aged i.
The variance of the total income is

GOTYO B0 a2 (o kd (4.5)

For a large number of trials the Binomial distribution can be approximated by
a normal distribution. In this project we use the normal approximation to estimate

the 95th percentile confidence interval of the Total Income of BC employees.

18



Since the critical value for a 95% confidence interval is 1.96, then the 95%

confidence interval for the projected total income in year 0., "YQis

0"YO pdo@ OOTYTO YO pdo@ ®OIYD (4.6)

19



5. Closed group projection of the number of
employees

For a closed group projection it is assumed that no new employees can join
the workforce and that no withdrawals except for death and retirement can occur

over the projected period.

5.1. Base scenario

Under the base scenario, the main focus of the projection is to investigate the
impact of the demographic changes and that of the new legislation. To estimate
the effect of these two factors, the average employment income per person in
2008, by age and gender, has been calculated and applied to the projected
workforce population without considering either trend or inflation.

For each age category, the total number of BC employees in 2008 has been
projected annually for the next 10 years. The projections were performed with
pre-legislation and post-legislation retirement rates separately. This allowed us to
analyze the impact of the new legislation.

To make a one-year projection, survival and retirement rates are applied to
the number of employees in BC in 2008. One should refer to formula (4.2) in
Chapter 4. The same procedure is repeated for 10 years with the following two

assumptions.

20



Assumption 1.

The data for 2008 employees has non-zero values for ages 75+. Under pre-
and post-retirement scenarios, employees are forced to retire at age 75. This
produces a larger reduction in projected number of employees for 2009 than one
would normally expect. This fact was taken into account and influenced all the
following projections which are compared to exposures in 2009 from now. So, the
first projection year is considered to be 2010.

Assumption 2.

Since there are no new employees joining the study group under a closed
group projection and people aged 17 or younger in 2009 have not entered the
workforce yet, the projected number of employees at young ages will be
distorted. The exposure for those aged 17 will remain zero for each coming
projection year until the age of 27 in the 10" projection year, so it will contribute
zero exposure to the further projection calculation. This will skew our calculations
and consequently out final results. In order to deal with that, it is assumed that
BC will have the same number of employees at the age of 17 for each projection

year. This assumption is consistent with a stationary working population.

5.2. Results for base scenario in closed group projection

If we were to assume that people retire with post-legislation retirement rates
after 2008, then the projected total number of employees decreases over time

due to mortality and retirement for both male and female employees. In contrast,
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under the post-legislation scenario the projected total number of employees
starts to increase in the first projection years and decreases thereafter. This
moderate increase can be explained by the fact that the number of people
leaving the group because of death is less than the number of people staying in

the workforce because of the new legislation.

The following chart represents the projected number of male and female

employees under the pre- and post-legislation scenarios.
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Figure 5.1. Projection of the BC Workforce by Gender

According to the chart, the increase under the post-legislation scenario is
more significant for the female workforce than for the male one. This difference

can be explained by the peculiarities of the workforce distributions by age and
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gender. As it was described in Chapter 2.1, the workforce distribution by age for
males has 2 modes of similar height, while for females the height of the first
mode is lower than the second one. So, after applying the same post-legislation
retirement rates for males and females past age 65, there is a larger proportion
of females staying in the workforce than there is males, due to the fact that there
are more females in the second mode of the workforce distribution. Also,

mortality rates are lower for females than males.

The width of the 95% prediction interval increases with the number of
projection years, but still remains very narrow. Accordingly, the prediction bounds

are very close to the mean over the whole projection period.

Table 2 The Mean and the 95% Prediction Interval for the First, Fifth and
Tenth Projection Years for Male Employees with Pre-legislation
Retirement Rates

Prelegislation scenario. Male employees.

Projectonyear 1st 5ih 10h
Expected

Numbeof 983,700 967,472 934,500
employees

95%Prediction )

Interval (Cl) (983,51(083,89D (967,188; 967,957  (934,183034,81)y

Width of CI 381 569 634
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Table 3 The Mean and the 95% Prediction Interval for the First, Fifth and
Tenth Projection Years for Male Employees with Post-legislation
Retirement Rates

Postlegislationscenario. Male employees.

Projectioryear 1st 5 10h
Expected

Numbeof 996,891 991,617 966,609
employees

95%Prediction

Interval (CI) (996,671997,11p (991,269291,96p (966,20067,01p
Width of CI 439 704 813

Table 4 The Mean and the 95% Prediction Interval for the First, Fifth and

Tenth Projection Years for Female Employees with Pre-legislation
Retirement Rates

Prelegislation scenario. Female employees.

Projectioryear 1st 5ih 10h
Expected

Numbeof 982,841 978,423 954,935
employees

95%Prediction

Interval (CI) (982,672083,01L (978,163078,68p (954,62955,24p
Width of CI 340 519 611
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Table 5 The Mean and the 95% Prediction Interval for the First, Fifth and
Tenth Projection Years for Female Employees with Post-legislation
Retirement Rates

Postlegislation scenario. Female employees.

Projectioryear st Gth 10h
Expected

Numbeof 994,236 1,000,441 985,505
employees

95%Prediction _ _

Width of CI 394 649 782

If we were to assume that people retire with post-legislation retirement rates
after 2008, then the total decrease in the workforce in 10 years would be 14,460
employees, where loss of 18,664 comes from male workforce and gain of 4,204
from female one. The change in workforce depends on two factors: mortality and
the new legislation. For males, mortality would reduce the workforce by 50,773,
while the new legislation retains 32,109 employees. For females, a decline of
26,366 employees and an increment of 30,570 employees would emerge through

mortality and the new legislation, respectively.

Figure 5.2 shows the impact mortality and the new legislation have on the

projected workforce population in 10 years from calendar year 20009.
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Figure 5.2. Contribution to the Difference in Total Workforce in 10 years by Gender

By applying 2008 average employment income to the projected workforce
one can get the projected total income without considering either trend or

inflation.

In order to enhance our understanding of the source of changes let us take a

closer look at one of the subgroups of the total working population.

Figure 5.3 and Figure 5.4 represent the results of the projection for the
number of male employees and their total income under the post-legislation

scenario.
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Figure 5.3. Projected Number of Male Employees under the Post-legislation
Scenario
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Figure 5.4. Projected Total Income of Male Workforce under the Post-legislation
Scenario (in million $)
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From these charts we note that the distribution of the average income in 2009
is increasing with age and reaching a peak at the age of 48 followed by a decline
to 0 by age 67. For the following projection years the total income distributions
have similar patterns but are shifted by 1 year. Unlike the workforce distribution,
the distribution of total income has only one mode. So, people aged 40-60

contribute the most to the total income.

The graphs below show the expected value and the 95% Prediction interval
over the projection period for the total income of male and female workforce with

pre- and post- legislation retirement rates.

Pre-legislation Scenario Post-legislation scenario
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48,900 T T T T T T T T T 1 50,400 T T T T T T T T T 1
1 2 3 45 6 7 8 910 1 2 3 45 6 7 8 9 10
Projection Year Projection Year
..... PredlCtIOI’] Interval - - Predlctlon Interval

Figure 5.5. Projected Total Income and Prediction Intervals of Male Workforce over
the Projection Period (in million $)
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Figure 5.6. Projected Total Income and Prediction Intervals of Female Workforce
over the Projection Period (in million $)

In order to see more clearly, the expected value and the 95% prediction

interval are shown for the first five projection years for the total income of male

and female employees with pre- and post- legislation retirement rates.

The width of the prediction interval for the expected total income increases

with the number of projection years, but remains very narrow.
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Figure 5.7. Projected Total Income and Prediction Intervals of Male Workforce for
the First 5 Projection Years (in million $)
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Figure 5.8. Projected Total Income and Prediction Intervals of Female Workforce
for the First 5 Projection Years (in million $)
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To estimate the impact of the new legislation, one should compare the total
income of BC employees under the pre-legislation and post-legislation scenarios

for each projection year.

The following two graphs plot the projected total income of BC workforce

under the pre- and post-legislation scenarios for both genders.
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Figure 5.9. Projected Total Income for Male Workforce (in million $)

32,100

31,900 e

31,700 //' "~~_\

31,500 {52~ S pre-
31,300 — o~ s legislation

~
31,100 \
, === post
30,900 \ legislation
1 \
30,700

30,500 T T T T T T T T T 1

Projection Year

Figure 5.10. Projected Total Income for Female Workforce (in million $)
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The difference due to the new legislation over 10 projected years fluctuates
from 630 million dollars to 1,470 million dollars for males, and from to 230 million

dollars to 640 million dollars for females.

The following graph represents the change in total income due the legislation

for each projection year.
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Figure 5.11. Change in Total Income due to the New Legislation (in million

dollars)

Since the new legislation is in force, the total projected income in 10 years is
expected to be 726 million dollars more, where about 1,417 million dollars loss
comes from mortality, and, 2,143 million dollars gain is the impact of the new-
legislation. The male workforce contributes about 444 million dollars, while
females contribute only 282 million dollars to the gain because of the new

legislation.
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The scheme below represents the components of the change in the projected

total income in 10 years.

Change due to
Mortality

-1,417 $M

Total Change
in 10 years

726 $M

Change due to th
New Legislation

2,143 $M

Change byale
employees

-1,026 $M

Change byremale
employees

-391 $M
Change byale
employees
1,470 $M
Change byemale
employees
673 $M

Figure 5.12. The Change in the Projected Total Income and its Components in

10 years

To recapitulate all described results for the closed group study, assuming that

all other characteristics (such as average employment income and mortality)

remain unchanged, the projected total income will moderately increse over the

first projection years and rapidly decrease therafter. Accordingly, in the tenth

projection year the total income of working population in BC is forecasted to be

higher by 726 million dollars.
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6. Sensitivity Analysis

6.1. Indexed income scenario

Under the indexed income increase scenario it is assumed that employment
income or salary will increase at a rate of 2.4% a year. This value originates from
the assumption that the average income will grow at the same rate as the
inflation rate in BC during the period of August 2010 - September 2011. The
information about inflation rate is taken from Statistics Canada (2011,

September).

Since the only change is the salary over the projected year, then the
workforce projection remains the same as for the base scenario. Assuming that
retirement patterns manifest themselves according to our post-legislation
scenario, the total projected income of BC employees in 10 years is forecasted to
be 23,138 million dollars higher than in 2009. This change is the result of the
following factors: mortality with the negative impact of 1,417 million dollars, which
is the same as under the base scenario; and the new legislation and salary

increase with positive impacts of 2,781 and 21,774 million dollars respectively.

All factors contributing to the total change in the projected total income in a 10

year period are presented in the following diagram.
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Figure 6.1. Contribution to the Difference in Total Income in 10 years (in million $)

The total income for male employees in 10 years will increase by 14,267
million dollars, where a gain of 1,908 million dollars is due to the new legislation,
13,385 million dollars is caused by salary increases, and a decrease of 1,026

million dollars happens because of mortality.

Similarly in the female workforce, decrease of 391 million dollars is the direct
result of mortality and increase of 873 and 8,389 million dollars are derived from

the impact of the new legislation and salary increase, respectively.

It is worth noting, that the impact of the new legislation under the salary
increase scenario is higher than under the base scenario. It can be explained by
higher salaries earned by those aged 65+ remaining in the workforce after the

new legislation came into effect. Also, it is seen from the diagram that the
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negative impact of the mortality is fully compensated by the positive impact of the

new legislation.

So, the total income in the tenth projection year is forecasted to be 65,419
million dollars for males and 40,649 million dollars for females. The total income
is predicted to fall into the intervals of (65,390; 65,447) and (40,634; 40,663),

expressed in million dollars, with probability of 95%, respectively.

The following two figures plot the projected total income for BC workforce by
gender and for each projection year under the pre- and post-legislation

scenarios.
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Figure 6.2. Projected Total Income for Male Workforce (in million $)
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Figure 6.3. Projected Total Income for Female Workforce (in million $)

The projected total income of BC workforce increases at a linear trend with

the coefficients shown in the following table.

Table 6 Coefficients for a Linear Regression for Male and Female Employees
under the Pre- and Post-legislation Scenario

Male Female
Pre Post Pre Post
legislation legislation legislation legislation
Intercept 51,630 52,206 32,142 32,360
Slope 1,208.8 1,348.6 785.8 851.9
{ 0.998 0.998 0.997 0.997

The slope coefficient illustrates how much the total income is expected to

increase over each projection year. The coefficient of determination, 'Y , is the

37



same as the square of the correlation between dependent and independent
variables, and indicates how well the model fits the data. When *Y is close to 1,

the model almost perfectly fits the data.

What should be the rate of salary increase in order to compensate the
mortality in closed group projection? To have the total income in 10 years equal
the total income in 2009 calendar year under both the pre- and post- legislation
scenario, the salary should increase at a rate presented in the following table for

each gender and scenario.

Table 7 Average Salary Rate Increase Required to Compensate the Impact of
Mortality
Gender _Pre . POSE.
legislation  legislation
Male 0.40%6 0229%
Female 03320 018806

In order to compensate both the impact of mortality and new legislation,
salaries should increase at a rate of 0.135% for males and a rate of 0.134% for

females. The rates of increase are roughly the same for both genders.
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6.2. Mortality improvement scenario

Under the mortality improvement scenario, it is assumed that mortality rates will
decrease in accordance wiMontambeault &Menard(2010), while all the other

parameters and methodology stdhe same as under the base scenario.

The results for this scenario indicate that mortality improvement has almost
no impact on the workforce projection, and, consequently, it makes an

insignificant impact on the projected total income of the working population in BC.

The figures below represent the projected number of employees over a ten

year period under both pre- and post-legislation scenarios by gender.
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Figure 6.4. Projected Male Workforce under Mortality Improvement and Base
Scenarios
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Figure 6.5. Projected Female Workforce under Mortality Improvement and Base
Scenarios

In terms of dollar amounts, the total income of BC employees in the tenth
year is projected to be 50,511 million dollars for males and 31,345 million dollars
for females, which are only 115 and 30 million dollars higher compared to the

base scenatrio.

6.3. Open group projection

In an open group, it is assumed that people can join BC workforce (e.g.
migration from other provinces and countries, growing younger generation, etc.),
and employees can withdraw from the group for causes other than death and

retirement.
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Since data for workforce flow in flow out is not available, the average net
migration in the workforce population by age is estimated based on historical

data for 2004-2008 calendar years, presented in Chapter 2.1.

According to the Figures 2.1 and 2.2, the workforce for both genders has a
relatively stable population distribution for older ages with a moderate growth for

younger generations.

In order to estimate the net migration of employees, first, the change of
employees aged wfrom year 0to year 0 p is calculated as the difference
between the number of employees aged x in year 0 p and the number of

employees aged ®in year 0. This difference is denoted by YO h

Assuming that over the period of 2004-2008, people used to died and retired
with the mortality and pre-retirement rates described in Chapter 2, then the net
migration of employees aged @ pinyear 0 pisrepresented by 0 , and can

be calculated by the following formula

0 yo i ozp O (6.1.)
where ‘O represent the number of employees aged win year o.
The net migration is calculated for each calendar year from the period of
2004-2008 based on age and gender. The average net migration for employees

aged @is denoted by 0 , and equal the average of the net migration over the

period of 2004-2008 for each age and gender. Since the historical period is short
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and data for the net migration very volatile, the average net migration, 0 ,
fluctuates significantly from age to age. In order to avoid the impact of volatility,
the average net migration has been smoothed using a logarithmic regression.
The smoothed average net migration is denoted by 0 , and satisfies the
equation

0 1zl 1 1 (6.2.)

with coefficients presented in Table 8.

Table 8 Coefficients for a Logarithmic Regression of the Average Net
Migration
Gender b
Male -528.8 1,957.3
Female -580.9 2112.2

For an open group projection it is assumed that the flow of new employees
and those who withdraw for causes other than death and retirement will remain
the same over the projection period, and be equal to the smoothed average net
migration, O

Thus, to estimate the number of employees for an open group projection, we

use the next formula

% T zp O : (6.3)

The results for an open group projection reveal that the workforce population

will continue to follow the same trend as it did over the historical period.
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The following charts represent the projected workforce by age, gender and

year of projection for the post-legislation retirement scenario.
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Figure 6.6. Projected Workforce for Males under the Post-legislation Scenario
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Figure 6.7. Projected Workforce for Females under the Post-legislation Scenario
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