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CANADA PENSION PLAN

STATUTORY ACTUARIAL REPORT NO.8

(as at December 31, 1982)

I. INTRODUCTION

This 1is the eighth actuarial report since the inception of the plan in 1966.
It was prepared pursuant to subsection 116(1) of the Canada Pension Plan,
which provides that at 1least once in every five years a report shall be
prepared based on an actuarial examination of the operation of this Act and
the state of the Canada Pension Plan Account. The last report pursuant to
subsection 116(1l) was Statutory Actuarial Report No. 6, as at December 31,
1977, which was tabled in the House of Commons on December 18, 1978.

This report is divided into four sections. Section II presents the main
tables of financial projections for the plan; they are based on a single set
of assumptions, which differ in a number of areas from those used for purposes
of the preceding report. Section III provides a number of auxiliary tables to
test the sensitivity of the projections to some of the major assumptions and
to demonstrate the effect of certain other specified changes. Section IV
contains certain observations and conclusions. The report is followed by
three appendices. The main provisions of the Canada Pension Plan are
summarized in Appendix A, and the assumptions and procedures underlying the
main tables of financial projections are given in Appendix B. Finally, the
contribution rate that would be applicable to a "fully funded" system and the
development of the accompanying "unfunded actuarial liability", on the basis

of various sets of economic assumptions, are contained in Appendix C.

Projections are shown for each year from 1983 to 1992, inclusive, for each of
the six quinquennial yeaxs from 1995 to 2020 and for the years 2030, 2040,
2050, 2075 and 2100.

The fund projections are dependent not only on the various economic and
demographic assumptions but also on the contribution rates assumed to be in
effect at any time. The contribution rate has been maintained at 3.6% of
contributory earnings (split equally between employers and employees) since
the inception of the Plan in 1966. It was expected from the beginning that
this rate would be more than sufficient to meet current benefits and expenses

for about fifteen years, that eventually it would have to be increased, and



that the size of the required increases in contribution rates would depend on
the experience of the Plan, the funding objectives and, of course, any
amendments made to the provisions of the Plan.

The projections contained in Section II largely confirm the conclusions of the
preceding report, However, as a result of experience andisome changes in
assumptions, the projected fund accumulations and required contribution rates
are somewhat higher in this report. The new projections indicate that the
contribution rate would have to rise slowly to reach a level of between 10 and
11% some time after the year 2025. Theoretically, an almost infinite number
of scenarios involving increased contribution rates is conceivable, and
implications of a number of practical alternatives continue to be studied by
federal and provincial officials and others concerned with national pension
issues.

As in the preceding report, all the fund projections except for Table 5,
are developed on three relatively simple assumptions regarding funding

objectives and levels of contribution rates:

%

This fund is based on the assumption that contributions continue at the
present statutory rate of 3.6% of contributory earnings, which results in
three phases in the development of the fund.

During the initial phase, contributions are greater than the amounts
required for payment of benefits and expenses. The resulting excess
funds substantially represent the net cash flow to the provinces* which
gradually decreases to zero. The fund increases by this excess as well
as by investment earnings; however, since investment earnings are funds
flowing from the provinces which are returnable to them in the form of

new loans, they do not affect the net cash flow. The first phase is

* The actual net cash flow to the provinces is somewhat less than indicated in
this report to the extent that interest paid on the operating balance (three
months®' expenditures) during a particular year does not cover the required

increase in the operating balance.



expected to end in 1985*, when current benefits and expenses become

greater than current contributions.

During the second phase, in addition to contributions, an increasing part
of the interest earnings of the fund would be required to meet the
‘payment of benefits and expenses. While the fund would continue to grow
from the accumulation of any interest not required for current
expenditures, the funds available to the provinces in the form of new
loans would now be less than the interest payments required from them on

the outstanding loans, so that the aggregate net cash flow to the
provinces would be negative.

The third phase in the progress of the fund begins about 1994 when
current expenditures would become greater than the sum of current
interest and current contributions. During this phase, an increasing
proportion of the loans would have to be repaid by the provinces in order
to meet current expenditures, which would have a substantial impact on

provincial cash requirements. The fund would decrease until it became
exhausted about 2004.

At the end of the third phase, either the contribution rate would have to
be raised at least to the level of the pay-as—-you-go (Fund B) contri-

bution rate or‘new sources of funds would have to be introduced.

FUND B

This fund is identical with Fund A during the initial phase. However,
after 1984 the net cash flow to the provinces would not be permitted to
be negative; instead, the contribution rate would begin to be increased

to a level sufficient to meet current expenditures.

Under this assumption, interest payments by the provinces would not be
used for purposes of expenditures and thus would Dbe continually
returnable to the provinces in the form of new loans and would result in

an ever increasing fund.

*Contributions were less than expenditures in 1983 because, in contrast to

normal transactions, practically all contributions relating to 1982
earnings were received in 1982, resulting in unexpectedly high
contributions in 1982 and the contrary in 1983.



FUND C

This fund is identical with Pund A during the first two phases. However,
at the end of the second phase the fund would not be permitted to
decrease; instead, the contribution rate would begin to be increased to
levels such that contributions plus interest earnings would continue to

be equal to expenditures on a current basis.

Under this assumption, the loans made to the provinces up to the end of
the second phase would be renewable in perpetuity. In contrast to Pund
B, interest payments by the provinces would be required for purposes of
paying benefits and expenses. However, in real terms the fund and
interest payments would gradually become less and less significant.

The question to be settled is how soon and at what pace the contribution rate
should begin to rise to its ultimate level. This matter is expected to be

resolved fairly soon in the cdurse of federal-provincial negotiations.



II.

MAIN TABLES OF PINANCIAL PROJECTIONS

This section contains the following tables:

1 Fund projections (showing also contributions, expenditures
and the difference between these two which substantially* represents

the net cash flow to the provinces)

2 Specific benefits and expenses

3 Specific benefits and expenses, expressed as percentages
of contributory earnings ( “pay-as-you—go" contribution
rates) '

4 Benefits split by major category and expenses, in
absolute amounts and expressed as percentages of

contributory earnings

assumptiong underlying these projections are described in Appendix B.

of the principal assumptions are as follows:

Annual increase in average earnings after 1992: 5.0%
Annual increase in Consumer Price Index after 1992: 3.5%
Rate of interest on new bonds after 1991: 6.5%
Total fertility rate after 1999: 2.0

Net annual immigration: O0.32% of population

* The actual net cash flow to the provinces is somewhat less than indicated in

th

is report to the extent that interest paid on the operating balance (three
nths®' expenditures) during a particular year does not cover the required

increase in the operating balance.
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TABLE 2

BENEFITS AND EXPENSES OF ADMINISTRATION
(IN $§ MILLIONS)

SURVIVING SPOUSES’
DISABILITY PENSIONS PENSIONS EXPENSES
OF
CALENDAR RETIREMENT FLAT EARNINGS CHILDREN'S FLAT EARNINGS ORPHANS ' DEATH ADMINIS- TOTAL
YEAR PENSIONS RATE RELATED BENEFITS RATE RELATED BENEFITS BENEFITS TRATION
(1) (2a) (2B) (2C) (3a) (3B) (4) (5) (6) (7)

1983 2286.6 124.6 296.4 51.5 155.9 412.3 103.6 77.3 87.2 3585.2
1984 2679.1 138.6 338.7 55.5 173.6 483.7 118.0 9l1.3 100.3 4178.7
1985 3099.4 148.9 379.5 58.5 190.3 558.4 131.2 106.7 114.2 4787.1
1986 3616.0 159.1 425.5 62.3 208.7 643.8 145.9 123.1 128.5 5512.9
1987 4182.3 167.9 471.6 65.8 227.6 736.4 161.2 140.8 141.3 6294.8
1988 4793.3 176.6 518.9 69.1 246.8 836.3 177.0 159.7 154.2 7131.8
1989 5458.9 - 185.6 566.6 72.3 267.1 946.5 194.0 179.9 170.4 8O41.2
1930 6171.3 194.7 614.3 75.3 288.2 1066.5 212.2 201.2 187.3 9010.9
1991 6885.9 207.3 665.3 77.2 308.7 1193.5 221.7 220.8 200.5 9981.2
1992 7627 .2 220.7 719.1 78.7 329.7 1328.7 231.5 241.4 213.5 10990.4
1995 9995.5 263.1 892.4 82.6 394.8 1782.2 261.2 310.6 255.0 14237.3
2000 14726.5 357.2 1282.6 104.3 533.7 2765.5 318.0 459.7 343.8 20891.2
2005 20931.7 506.5 1924.9 128.4 706.5 4042 .8 388.1 657.6 462.9 29749.3
2010 30838.3 701.5 2833.9 153.8 927.6 5691.4 461.0 932.6 617.2 43157.3
2015 47767.2 903.8 3902.4 184.6 1190.5 7805.6 551.2 1316.7 810.0 64432.1
2020 72941.1 1124.9 5203.1 225.3 1481.0 10551.2 €70.4 1833.9 1052.8 95083.1
2030 155764.4 1481.9 7858.9 342.8 2076.9 19Cl2.1 1014.5 3499.1 1765.7 192815.6
2040 266591.7 2177.9 13407.8 505.3 2776.6 32759.4 1487 .4 6315.3 3059.3 329080.1
2050 449574.5 3389.7 24263.1 750.3 3903.1 52640.0 2199.3 l10671.8 5280.1 552670.9
2075 1806453.0 9029.6 93196.3 2009.2 10118.3 181606.7 5878.4 41584.7 20276.6 2170142.0
2100 7039621.0 23978.9 354963.9 5361.6 27005.3 676759.2 15688.5 161384.2 77446.1 8382201.0




TABLE 3

BENEFITS AND EXPENSES OF ADMINISTRATION
( EXPRESSED AS PERCENTAGES OF CONTRIBUTORY EARNINGS )

SURVIVING SPOUSES'

DISABILITY PENSIONS PENSIONS EXPENSES
OF

CALENDAR | RETIREMENT FLAT EARNINGS CHILDREN'S FLAT EARNINGS ORPHANS’ DEATH ADMINIS-

YEAR PENSIONS RATE RELATED BENEFITS RATE RELATED BENEFITS BENEFITS TRATION

(1) (2n) (2B) (2C) (3a) (3B) (4) (5) (6)
1983 2.37 0.13 0.31 0.05 0.16 0.43 0.11 0.08 0.09
1984 2.26 0.12 0.29 0.05 0.15 0.41 0.10 0.08 0.08
1985 2.36 0.11 0.29 0.04 0.14 0.43 0.10 0.08 0.09
1986 2.52 0.11 0.30 0.04 0.14 0.45 0.10 0.09 0.09
1987 2.73 0.11 0.31 0.04 0.15 0.48 0.11 0.09 0.09
1988 2.95 0.11 0.32 0.04 0.15 0.51 0.11 0.10 0.09
1989 3.12 0.11 0.32 0.04 0.16 0.55 0.11 0.10 0.10
1990 3.30 0.10 0.33 0.04 0.16 0.57 0.11 0.11 0.10
1991 3.43 0.10 0.33 0.04 0.16 0.60 0.11 0.11 0.10
1992 3.57 0.10 0.34 0.04 0.16 0.63 0.11 0.11 0.10
1995 3.92 0.10 0.35 0.03 0.15 0.70 0.10 0.12 0.10
2000 4.28 0.10 0.37 0.03 0.16 0.81 0.09 0.13 0.10
2005 4.52 0.11 0.42 0.03 0.16 0.87 0.08 0.14 0.10
2010 5.00 0.11 0.46 0.02 0.15 0.92 0.07 0.15 0.10
2015 5.90 0.1l1 0.48 0.02 0.15 0.97 0.07 0.16 0.10
2020 6.93 0.11 0.49 0.02 0.15 1.00 0.06 0.17 0.10
2030 8.82 0.08 0.45 0.02 0.12 1.08 0.06 0.20 0.10
2040 8.71 0.07 0.44 0.02 0.09 1.07 0.05 0.21 0.10
2050 8.51 | 0.06 0.46 0.01 0.08 1.00 0.04 0.20 0.10
2075 8.91 ] 0.04 0.46 0.01 0.05 0.90 0.03 0.21 0.10
2100 9.09 i 0.03 0.46 0.01 0.03 0.87 0.02 0.21 0.10
|
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TABLE 4
BENEFITS AND EXPENSES OF ADMINISTRATION
( BY MAJOR BENEFIT CATEGORY )
IN MILLIONS OF DOLLARS EXPRESSED AS PERCENTAGES OF CONTRIBUTORY EARNINGS
CALENDAR RETIREMENT DISABILITY SURVIVORS®' AND RETIREMENT DISABILITY SURVIVORS' AND
YEAR PENSIONS PENSIONS* DEATH BENEFITS TOTAL** PENSIONS PENSIONS* DEATH BENEFITS TOTAL** |
(1) (2) (3) (4) (5) (8) (7) (8)

1983 2287 473 749 3595 2.37 0.49 0.78 3.73

1984 2679 533 867 4179 2.26 0.46 0.73 3.52

1985 3099 587 987 4787 2.36 0.44 0.75 3.65

1986 3616 647 1122 5513 2.52 .45 0.78 3.85

1987 4182 705 1266 6295 2.73 0.46 0.83 4,11

1988 4793 765 1420 7132 2.95 0.47 0.87 4.39

1989 5459 825 1588 8041 3.12 0.47 0.91 4.60

1990 6171 884 1768 9011 3.30 0.47 0.94 4.81

1991 6886 950 1945 9981 3.43 0.47 0.97 4.98

1992 7627 1019 2131 10990 3.57 0.48 1.00 5.15

1995 9996 1238 2749 14237 3.92 0.49 1.08 5.58

2000 14727 1744 , 4077 20891 4.28 0.51 1.19 6.08
l |
! 2005 20932 2560 ! 5795 29749 4,52 0.55 1.25 6.43
i 2010 30838 3689 i 8013 43157 5.00 0.60 1.30 6.99
i 2015 47767 4991 ! 10864 64432 5.90 0.62 1.34 7.95
i 2020 72941 6553 @ 14537 95083 6.93 0.62 1.38 9.03

2030 155764 9684 ; 25603 192816 8.82 0.55 1.45 10.92
k 2040 266592 16091 i 43339 329080 8.71 0.53 1.42 10.76
! 2050 449575 28403 ! 69414 552671 8.51 0.54 1.31 10.47
| 2075 1806453 104235 239188 2170142 8.91 0.51 1.18 10.70
L 2100 7039621 384304 i 880837 8382201 9.09 0.50 1.14 10.82
*

*%x INCLUDES EXPENSES OF ADMINISTRATION

INCLUDES PENSIONS FOR CHILDREN OF DISABLED CONTRIBUTORS
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ITI. AUXILIARY FPUND PROJECTIONS

The following nine tables are based on assumptions or specifications that

differ in one or several respects from those underlying the Main Tables
(Section II).

The auxiliary tables may be compared with Table 1 in order to examine the
effect of the following:

Table No.
5

10

11

12

13

Three alternative funding scenarios:

(a) Modification of Pund C so as to prevent the fund
from being less then estimated expenditures for
the following year and

(b) Contribution rates increasing gradually
according to two separate stipulated schedules but
which also eventually evolve into the Modified
Fund C |

Decrease in yield on new investments from 6.5%
to 6%

Each of the three Economic Assumptions 1%
above those underlying the Main Tables

Indexing of flat rate benefits at rate of increase
in earnings (5% instead of 3.5% p.a.)

No gap between annual rates of increase in earnings

and prices (price increases 5% instead of 3.5% p.a.)

Change in rate of price increases from 3.5% to 4%
(Reduction in gap between annual increases in

earnings and prices from 1.5% to 1.0%)

Net annual immigration of a constant 75,000
instead of approximately .32% of
population

Total ultimate fertility rate of 1.7 instead of Main
Tables basis (actual experience to 1982 graded into
2.0 after 1999)

Combined modifications of Tables 10, 11, and 12
("high cost” estimate)
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TABLE S
AUXILIARY FUND PROJECTIONS
(FUND IN BILLIONS OF DOLLARS, OTHER DOLLAR FIGURES IN MILLIONS,
CONTRIBUTION RATE AS PERCENT OF CONTRIBUTORY EARNINGS)
(1) MODIFIED FUND C: (Ir) FUND BASED ON CONTRIBUTION (III)PUND BASED ON CONTRIBUTION
RATE INCREASING BY 0.1% EACH RATE INCREASING BY O.3% EACH

NO FUND DECREASE AND MINIMUM EQUAL YEAR FROM 1985; YEAR FROM 1985 UNTIL IT REACHES

TO EXPENDITURES OF FOLLOWING YEAR MODIFIED FUND C MINIMUM 7.79%; MODIFIED FUND C MINIMUM
CALEN-| BENEFITS CONTRI - FUND CONTRI- FUND CONTRI - FUND
DAR AND BUTION CONTRI~ CASH AT END BUTION CONTRI- CASH AT END BUTION CONTRI- CASH AT END
YEAR EXPENSES RATE BUTIONS PLOW OF YEAR | RATE BUTIONS FLOW OF YEAR | RATE BUTIONS FILOW __ OF YEAR

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
1983 3595 3.60 3474 -121 25.7 3.60 3474 -121 25.7 3.60 3474 -121 25.7
1984 4179 3.60 4274 95 28.5 3.60 4274 95 28.5 3.60 4274 95 28.5
1985 4787 3.60 4724 ~-63 31l.4 3.70 4855 68 31.5 3.90 5117 330 31.7
1986 5513 3.60 5161 -352 34.2 3.80 5447 -66 34.6 4.20 6021 508 35.5
1987 6295 3.60 5514 -781 36.9 3.90 5973 -322 37.8 4.50 6892 597 39.7
1988 7132 3.60 5854 -1278 39.3 4.00 6504 -628 40.9 4.80 7805 673 44.3
1989 8041 3.60 6298 -1743 41.5 4.10 7173 —~868 44.0 5.10 8922 88l 49.4
1990 9011 3.60 6742 —-2269 43.2 4.20 7865 -1146 47.0 5.40 10113 1102 55.2
1991 9981 3.60 7220 -2761 44.5 4.30 8623 -1358 50.0 5.70 11431 1450 61.6
1992 10990 3.60 7684  -3306 45.4 4.40 9392 -1598 53.0 6.00 12807 1817 68.9
1995 14237 - 3.97 10112 ~-4125 45.7 4.70 11984 -2253 62.5 6.90 17594 3357 96.5
2000 20891 4.95 17018  -3873 45.7 5.20 17876 -3015 75.1 7.7% 26785 5894 169.4
2005 - 29749 5.75 26621 -3128 45.7 5.70 26383  —3366 87.6 7.79 36065 6316 271.5
2010 43157 6.75 41656 =1501 46.8 6.20 38264 —4893 97.0 7.79 48088 4931 406.0
2015 64432 8.09 65552 1120 69.8 7.18 58191 —-6241 97.6 . 7.79 63113 -1319 566.5
|
2020 95083 | 9.16 96398 1315 102.6 8.91 93786 -1297 102.6 7.79 82027 -13056 732.4
2030 192816 ; 10.87 191941 -875 204.5 10.87 191941 -875 204.5 | 7.79 137575 -55241 929.7 i
2040 329080 |, 10.62 324748 -4332 346.1 10.62 324748 —4332 346.1 | 8.81 269610 -59470 929.8
|

2050 552671 | 10.38 548070 - -4601 583.9 10.38 548070 -—4601 583.9 9.34 493201 -59470 929.8
2075 2170142 10.61 2151032 -19110 2291.8 10.61 2151032 -19110 2291.8 10.61 2151032 -19110 2291.8
2100 8382201 10.73 8308849 -73352 8852.5 10.73 8308849 -73352 8852.5 10.73 8308849 -73352

eesz.sJ

_'['[_.
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AUXILIARY FUND PROJECTIONS
(FUND IN BILLIONS OF DOLLARS, OTHER DOLLAR FIGURES IN MILLIONS,
TRIBUTI RNINGS)

TABLE

ION
TION RATE AS PERCENT OF CONTRIBUTORY EA
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IV. OBSERVATIONS AND CONCLUSIONS

1. If the Canada Pension Plan is to be operated into the indefinite future in
the manner contemplated at its inception, the contribution rate will
have to be increased g¢grdually, beginning at the latest about 1994, as was
envisaged at the outset. As noted in the introduction, the timing and size
of the increases will depend on the experience of the plan and the funding
abjectives, as well as on future amendments to benefit provisions; this matter
is expected to be resolved fairly soon in the course of federal-provincial

negotiations.

2. Our projections indicate that the Plan could probably operate without an
increase in the contribution rate until about the year 2004. This scenario
would require the provinces to repay total accumulated loans of over $45
billion, beginning in 1994, at a rate that would be equivalent to about 0.6%
of contributory earnings by 1996 and about 2.5% by 2003. Delaying an increase
in the  contribution rate in this way until the last possible moment, of
course, would render impossible the introduction of a series of relatively
smooth gradual increases in the contribution rate. Under this financing
arrangement, the first projected required increase would be from 3.6% in 2003
to 6.1% in 2004.

3. If it were considered desirable to prevent the accumulated fund from
decreasing and thus avoid having the provinces repay the borrowed funds, it
appears from Table 1 that as a minimum the contribution rate would have to

increase as shown for Pund C; the rate for selected years would be as follows:
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Percentage of Contributory
Earnings Required to

Year Prevent Decline in Fund
1994 3.73
199% 3.97
1996 4.19
1997 4.40
1998 4.59
1999 4,77
2000 4,95
2005 5.7%
2010 6.52
2020 8.76
2030 10.76
2040 10.66
2050 10.41
2075 10.69
2100 10.82

Differences between actual experience and the underlying assumptions would, of
course, result in deviations from the above table. Some of these are
highlighted below. However, it is important to note that the contribution
rates in the above table are practically independent of the 1level of
inflation, provided the gap between increases in earnings and increases in the
Consumer Price Index (a measure of the real rate of increase in earnings)
remains as assumed; comparing Table 1 with Table 7 reveals that under such
circumstances a somewhat higher level of inflation results in slightly lower
contribution rates. It should be added that, in practice, the long-temm
contribution rates would have to be somewhat higher than shown above in order
to maintain a meaningful contingency fund (see Part I of Table 5).

4. The projected contribution rates in the Main Tables of this report are
higher in the 1long term (by about 2% of contributory earnings by 2035) than
those in the Main tables of the last preceding full actuarial report kNo.G).
About 15% of this increase is attributable to the introduction of the child
rearing drop-out provision. The remainder is due mainly to changes in four
key assumptions. Pirstly, the assumed gap between rates of increases in
earnings and prices was reduced from 2% to 1.5%. Secondly, the assumed
ultimate fertility rate was reduced from 2.112 for 1985 and later to 2.0 for
2000 and later. Thirdly, mortality rates are projected to decline to somewhat
lower ultimate levels. Pourthly, net immigration was assumed to be at a level
of about .32% rather than .465% of population.
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5. Table 5 was included in order to illustrate the fund accumulations and
cash flows that would materialize under three specific conditions: (a) if the
Fund C conditions were modified to provide a minimum fund equal to one
year's expenditures, and (b) if, starting in 1985, the contribution rate
were increased annually (i) by 0.1% or (ii) by 0.3% of contributory earnings
until the full cost rate of 7.79% (See Appendix C) is attained but subject
also to the conditions of the Modified Pund C.

(a) The Modified Pund C is identical with Fund C until 2010 when the
contribution rate begins to rise a little faster in order to provide the
minimum fund, Dbut by 2030 when it reaches its maximum level for the first
time the contribution rate is again close to that of Pund C. However, by
that time the Fund is more than four times as large as Fund C.

(b)(i) If the contribution rate were increased by 0.1% of contributory
earnings beginning in 1985, a fund about 2.2 times Fund C would accumulate
by 2011; from 2012 until 2019 the contribution rate would have to rise by
slightly wmore than 0.1% (passing the full cost rate of 7.79% in 2018) in
order to prevent the fund from decreasing; from 2020 until 2028 the rise
would be 8till steeper in order to provide the minimum fund. Starting in
2021 the rate would be identical with that of Modified Fund C.

(b)(ii) If the contribution rate were increased each year beginning in 1985
by 0.3% of contributory earnings, a fund about 2.1 times Pund C would
accumulate by 1995; from 1998 until 2032 contributions would be at the full
cost rate of 7.79%; after that the contribution rate would have to rise
again slowly to prevent the fund from decreasing; the contribution rate
would reach its ultimate 1level about 2060 from which time it would be
identical with that of Modified Fund C.

6. The Canada Pension Plan provides that funds 1in excess of estimated
expenditures for the ensuing three months shall be available for the purchase
of securities of the provinces. 'The term to maturity of the securities is 20
years or such lesser term as may be fixed by the Minister of Pinance on the
recommendation of the Chief Actuary when he deems it necessary in order to
meet any payments that will be required. As noted above, in the event of
contributions continuing as 1long as possible at the initial rate, the fund
could be expected to be exhausted by the year 2004. In sBuch case, some of the
securities already issued would have to be redeemed before maturity which the
Minister of Pinance wmay do after giving notice of not less than six months.
However, since any schedule of contribution rates that will be adopted in the
near future following federal-provincial negotiations would likely provide for
a reasonable contingency fund and at the very least would likely prevent the
fund from declining, there would seem to be 1little justification for

shortening the terms of the securities.
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7. Comparing Table 1 with Table 6 confirms the otherwise obvious fact that the
rate of interest affects the contribution rate only to the extent that
interest earnings are applied to the provision of benefits, The lower
interest rate applicable to Table 6, of course, results in somewhat lower fund
accumulations and smaller interest payments from the provinces. However, by
definition, the interest rate cannot affect the contribution rate in the case
of PFPund B; it affects the contribution rate slightly in the case of Pund C,
where it also affects the net cash flow from the provinces, since in this case
interest earnings do not flow back to the provinces in the form of new loans.
The effect of the interest rate on the contribution rate in an actuarially

funded system is shown in Appendix C.

8. Table 8 was included to demonstrate the effect of maintaining flat-rate
benefits in 1line with average earnings rather than with the Consumer Price
Index. Adopting a different indexing formula for flat-rate benefits would be
complex and difficult to explain. However, it must be recognized that over
long periods of time, the income replacement value of flat-rate benefits is
likely to be seriously eroded as long as earnings continue to increase faster
than prices and it 1is quite possible that flat-rate benefits would be

increased arbitrarily from time to time to compensate for such erosion.

9. Table 9 is based on the assumption that the rates of increase in prices are
equal to the rates of increase in earnings (5% rather than 3.5% p.a. after
1992). Of course, the same effect would be produced either if the gap between
these two economic factors were eliminated or if all benefits in payment were
increased 1in accordance with an index of average earnings. In thie sc¢enario
costs are seen to be higher by about .6% of contrikutory earnings by 2000 and
about 2% from 2035.

10. As detailed 1in Appendix B, the economic assumptions underlying the Main
Tables imply a gap of 1.5 percentage points between increases in earninges and
increases in the Consumer Price Index,. Comparing Table 1 with Table 10
indicates the relative effect of a gap of 1.0% instead of 1.5%; for example,
increases 1in the contribution rate would tend to be required slightly earlier
and the required level of contribution rates would have to be slightly higher
(about 0.6% of contributory earnings higher by the year 2035). On the other
hand, the reverse would be true if the gap were to average above 1.5% (or

above 2% as it d4id over the last fifty years).

11. The wmigration assumptions underlying the Main Tables, as described in
Appendix B, 1imply a nearly constant ratio of net immigrants to population of
0.32%. Comparing Table 1 with Table 11 indicates the effect of a constant
level of net immigrants of 75,000 p.a. instead of the said constant ratio. A
constant number of net immigrants, of course, results not only in a smaller

total population but in a ratio of net immigrants to current population which



declines to about 0.20% by the year 2050 and 0.18 % by 2100. This would result
in slightly wmore rapid increases in the required contribution rates, leading

to an increase in costs of 0.7% of contributory earnings by 2080.

12. As noted in Appendix B, the population projections underlying the main
tables are based on a total ultimate (after 1999) fertility rate of 2.0. 1In
order to test the effect of a more pessimistic assumption, Table 1 may be
compared with Table 12 which is based on a projected total fertility rate of
1.7, 1i.e., a continuation of the historically low rates experienced over the
last few years. Pertility rates at the lower level would result in required
contribution rates gradually higher than indicated in the Main Tables,
beginning in about twenty-four years and producing increased costs of about
1.1% of contributory earnings by 2040 rising to 1.7% by 2060 and declining to
1.3% by 2100.

13. Table 13 was included 1in an attempt to show what might be considered a
high cost estimate and 1is based on the combination of the variations in
assumptions described in the three preceding paragraphs. In other words,
Table 13 assumes (a) a gap between increases in earnings and increases in the
Consumer Price Index of 1.0% rather than 1.5%, (b) a constant level of net
immigration of 75,000 instead of increasing in line with current population
and (c) a projected total fertility rate of 1.7 rather than an ultimate rate
of 2.0. Comparing Table 13 with Table 1 indicates that if experience in these
three areas were to be less favourable than assumed for purposes of the Main
Tables, to the extent stipulated here, the required increases in contribution
rates would be greater and the additional cost produced would be about 0.6% of
contributory earnings by 2015, rising to 2.1% by 2035 and, to about 3.3% from
2055,

14, Table 13 presents the progress of the plan under conditions substantially
less favourable than we would expect. Among other things, the demographic
assumptions underlying Table 13 result in a working age population which
begins to decrease about 2015. However, not only may one or more of the three
factors combining to produce the results in Table 13 emerge as even more
favourable than assumed for the Main Tables, but the experience in some other
area may do so. For example, for purposes of this report it was deemed prudent
to use mortality rates based on the assumption of substantially wmore
improvement until year 2050 than in the previous report. It is quite
conceivable that the improvement in mortality rates for significant age ranges

will not be as great as assumed which would tend to reduce costs.
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15. Highlights of Projections
Ratio of Fund

Contribution Fund to Next Year's
Year Rate at Year End Expenditures
(Percent of ($ billions)
contributory
earnings)
Fund B
(Contribution rate 1985 3.65 31.4 5.7
increased as 1990 4.81 50.3 5.0
required to meet 2000 6.08 111.4 5.0
expenditures
without recourse to 2015 7.95 293.4 4.2
interest earnings) 2020 9.03 402.0 3.9
2030 10.92 754.7 3.7
2040 10.76 1416.6 4.1
2050 10.47 2659.1 4.5
2100 10.82 61974.1 7.0
Fund C
(Contribution rate 1985 3.60 31.3 5.7
increased as 1990 3.60 43.0 4.3
required to 2000 ) 4.95 45.3 2.0
prevent fund from
decreasing) 2015 7.60 45.3 0.66
2020 8.76 45.3 0.45
2030 10.76 45.3 0.22
2040 10.66 45.3 0.13
2050 10.41 45.3 0.08
2100 10.82 45.3 0.01

16, The gradually increasing costs, expressed asrpercentages of contributory
earnings, that are exhibited in the projections suggest that the most orderly
way of guiding the Canada Pension Plan Investment Fund toward an agreed level
would be to raise contribution rates gradually over a substantial number of
years. If it were desired simply to prevent the fund from declining, the
first increase in the contribution rate would likely not be required until
about 1994. The contribution rate has important implications for the
financial requirements of the provinces and, as noted earlier, this matter is
expected to be resolved fairly soon through federal-provincial negotiations.

Respectfully submitted,

Y
A VENG P NN D

Walter Riese, P.S.A., P.C.I.A
Chief Actuary

Department of Insurance
Ottawa, Canada
K1A OH2

April 18, 1984



Appendix A

MAIN PROVISIONS OF THE PLAN

1. Coverage and Contributions

In general, the Canada Pension Plan which came into force on January 1,
1966, applies to virtually all paid members of the labour force in Canada
(both employees and self-employed persons) between the ages of 18 and 70,
other than persons in the province of Quebec who are covered by the Quebec
Pension Plan*, The main exceptions are:

(a) persons with earnings less than the "Year's
Basic Exception”,

(b) persons to whom a retirement or disability
pension is payable pursuant to the Act, and

(c) members of certain religious sects.

For those who are eligible, contributions in any year are required in
respect of all earnings between the "Year's Basic Exemption" and the
"Year's Maximum Pensionable Earnings”.

The rate of contribution as respects earnings subject to contributions
which has been in effect since the inception of the Plan is 1.8% of salary
and wages for employees and a like amount for their employers and 3.6% of
self-employed earnings.

2. Definition of Terms Relating to Earnings

Five terms relating to the earnings of contributors that are used
frequently in this report are defined and described below.

Year's Maximum Pensionable Earnings (YMPE)

“Year's Maximum Pensionable Earnings" for any year means the upper limit
above which annual earnings are not subject to contributions in that year.

Por 1966 and 1967, the YMPE was $5,000. Beginning in 1968 it was adjusted
upward in steps of integral hundreds of dollars in accordance with
increases 1in the "Pension Index", reaching $5,600 in 1973. It was fixed
at $6,600 and §7,400 for 1974 and 1975, respectively. Por each year
after 1975 it is determined as being equal to 112.5% of the YMPE for the
preceding year but not more than the quantity

@

) /(1

52(1z )

-1 z—3+Iz-2+Iz—1 z—4.5+Iz—3.5+Iz—2.5

whexe Iz— is the average of the Industrial Composite (Statistics Canada:

1
average weekly wages and salaries) for the 12 months ending June 30 in the
preceding year. Once the YMPE is linked to average industrial earnings in
this manner, the latter formula is to be continued and the former increase
of 12.5% per annum is to be abandoned. If the amount calculated by
formula is not a multiple of $100, the nearest lower multiple of $100 is
used. However, the YMPE is not allowed to decrease.

* All members of the Canadian Forces and the Royal Canadian Mounted Police
are subject to the Canada Pension Plan.
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Year's Basic Exemption (YBE)

“Year's Basic Exemption"” for any year means the lower limit below which
annual earnings are not subject to contributions., It is calculated as 12%
of the YNPE for each year from 1966 to 1974 inclusive and 10% thereafter
(rounded if necessary to the nearest lower multiple of $100). The basic
exemption for a particular year is prorated in individual cases to allow
for periods before age 18, after age 70 or death and while on retirement
or disability pension.

Contributory Earnings

"Contributory earnings” for any year means the earnings of a contributor
on which contributions are payable, i.e., earnings between the YBE and the
YMPE for that year.

Unadjusted Pensionable Earnings

"Unadjusted pensionable earnings” for any year means all earnings of a
contributor up to the YMPE provided that required contributions have been
made in that year. (In case of dissolution of marriage by divorce or legal
annulment after dJanuary 1, 1978, and upon application by either spouse
within three years, earnings credits of spouses acquired during
their marriage may be added and divided equally between them.)

Pensionable Earnings

"Pensionable earnings” for any year means "unadjusted pensionable
earnings"” multiplied by the ratio that the average YMPE for the year when
a retirement pension or other earnings-related benefit becomes payable
under the Act and for the two preceding years bears to the YMPE for the
year in which the contributions were made.

Automatic Adjustment features

Several elements of the Plan are subject to automatic adjustment in
accordance with changes in specified indices. These elements include:

(a) the YMPE and, dependent thereon, pensionable
earnings upon which all earnings-related benefits
going into payment are based, the upper limit
on the amount of death benefit and the Year's
Basic Exemption.

(b) all monthly benefits payable.

Annual adjustments of all elements subject to automatic adjustment depend
on changes in the Pension Index constructed as described in the next
following paragraph, with two exceptions. Firstly, annual adjustments of
the contributory earnings 1limits (YMPE and YBE) after 1973 and of
unadjusted pensionable earnings to obtain pensionable earnings are as
described above. Secondly, the monthly amount of any earnings-related
benefit that emerged prior to 1974 equals the initial monthly amount
multiplied by the Pension Index for the Year of payment and divided by the
average of the Consumer Price Indices (CPI) for the twelve months ending
with June of the year preceding the year of emergence.
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Por 1967, the Pension Index was computed as the average of the CPI's for
Canada for the twelve months ending with June 1966. For each year from
1968 through 1973, it was computed as the average of the CPI's for the
twelve months ending with June of the preceding year or 1.02 times the
Pension Index for the preceding year, whichever was the lesser. (In
practice, the latter formula was always applicable). The Pension Index
for 1974 equals the average of the CPI's for the twelve months ending with
June 1972, multiplied by the average of the CPI's for the sixteen months
ending with October 1973, and divided by the corresponding average for the
sixteen months ending with June 1972*. The Pension Index for 1975 and
later years equals the average of the CPI's for the twelve months ending
with October of the preceding year in each case, except that the Pension
Index for the preceding year will be retained if a reduction in its value
would otherwise occur.

Retirement Pension

Upon application, a contributor aged 65 or over becomes entitled to a
retirement pension. (A contributor in receipt of a disability pension
becomes entitled to a retirement pension on attaimment of age 65). After
a retirement pension becomes payable or, in any event, after age 70 a
contributor 1is not eligible to contribute under theé Plan. Thus, except
for adjustment of the amount of pension in payment in accordance with
changes in the Pension Index, the amount of pension is fixed at the t1me
the pension first becomes payable.

In general, the initial amount of retirement  pension payable to a
contributor is based on the whole history of his Pensionable Earnings from
January 1, 1966, or from attaimment of age 18, if later, until the year in
which the pension commences.

A convenient formula for determining the initial amount of retirement
pension involves the use of an "average earnings ratio”, as follows:

The Pension Index for 1974 is defined differently in the Act, but it is
ugsed in such a way as to produce the same benefit amounts as the
procedure described here.
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FPormula for Retirement Pension

The initial amount of annual pension is equal to 25% of the average YMPE
for the three years ending with the year in which pension commences,
multiplied by the "average earnings ratio"” which is the average of a number
of the highest "annual earnings ratios”, such number being determined as

follows:

Years in Number of highest “"annual
Contributory earnings ratios" used in cal-

Period culating average earnings ratio
less than 10 (a) the number of years in the

contributory period or

(b) 10 less the number of years
when a disability pension
was payable, if greater

10 or more (a) 35% of the years in the
contributory period less the
number of years during which
the contributor had at least
one child less than 7 years
of age, was a family allowance
recipient and had (i) earnings
less than YBE or (ii) earnings
greater than the YBE but which if
dropped out would increase his
"average earnhings ratio” or

(b) 10, if greater

In any year, the "annual earnings ratio" referred to above is the ratio of
"unadjusted pensionable earnings” to the YMPE in that calendar year. (It
should be noted that if no contributions are made during a calendar year,
the "annual earnings ratio™ for that year is zero; and for any year in
which a contributor's earnings exceed the YMPE, the ratio is one).

The "contributory period"” for purposes of retirement pensions is the
number of years from January 1, 1966, (or from attainment of age 18, if
later), to age 65, less the number of years, if any, during which a
disability pension is payable,

Examination of the above formula will make it clear that, in addition to
the whole period during which a disability pension is payable, a certain
number of years associated with the lowest recorded "annual earnings
ratios” will normally be excluded in the benefit calculations by reason of
contributions made after age 65 and by reason of the 15% and child rearing
"drop—out” provisions; however, the drop—out must not reduce the total
number of years to less than ten.



Disability Pension

A contributor aged less than 65, who becomes disabled within the meaning
of the disability provisions of the Plan, is entitled to a disability
pension, under the following conditions:

Number of calendar years Number of calendar years for which
in contributory period contributions must have been made
Less than 10 5
10 to 30 5 of last 10, and in total at least 1/3 of

the number of calendar years in the
contributory period

30 or more 5 of last 10, and in total at least 10

The “contributory period" for purposes of disability pensions is the
number of years from January 1, 1966, (or from attainment of age 18, if
later) to the date of commencement of the disability pension, less the
number of years during which a disability pension was previously payable.
Disability pensions commence with the fourth month following the month of
disablement and are payable until age 65 or until death or recovery from
disability at an earlier age.

The amount of pension payable is composed of two parts, namely, a flat-
rate part depending only on the year in which the disability pension is
payable, and an earnings-related part depending initially only on the
pensionable earnings record of the contributor as of the date of
commencement of the disability pension. The initial flat-rate part is
determined as $25 per month adjusted in accordance with the increase in
the Pension Index from 1967 to the year in which the disability pension
commences (for example, $76.60 for pensions payable in 1983). The initial
earnings-related part is equal to 75% of an earnings-related pension
calculated in the manner described earlier for retirement pensions, except
that the contributory period ends at the date of commencement of the
disability peénsion and that, both before and after December 31, 1975, the
number of years to be taken into account in determining the "average
earnings ratio” is as follows:

Years in Number of highest "annual earnings ratios®
Contributory Period used in calculating average earnings ratio

Less than 10 the number of years in the contributory
period or
10 or more (a) 85% of the years in the contributory

period less the number of years during
which the contributor had at least one
child less than 7 years of age, was

a family allowance recipient and had
(i) earnings less than the YBE or (ii)
earnings greater than the YBE but which
if dropped out would increase his
"average earnings ratio” or

(b) 10, if greater
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Disabled Contributor's Child's Benefit

An unmarried child of a contributor who is entitled to a disability
pension is entitled to a benefit provided the child

(i) is under age 18, or

(ii) is aged 18 or over but under age 25 and has
been attending school full-time and substan-
tially without interruption since attainment
of age 18 or the time of the contributor's
disability, whichever occurred later.

The amount of pension payable in respect of each child is equal to the
flat-rate benefit payable to the disabled contributor. However, only one
child's benefit is payable in respect of each child, even if both parents
are entitled to a disability pension; furthermore, a child may not
simultaneously receive a disabled contributor's child's benefit and an
orphan's benefit (see 7(c) below).

Survivor's Pengsion and Orxphan's Benefit

(a) General

A surviving spouse and an orphan may become entitled to a “survivor's
pension” and an “orphan's benefit", respectively. For entitlement to
such a pension, the deceased contributor must have made contributions
during the lesser of

(1) ten calendar years, or

(1i) one—third of the number of calendar years
in which contributions could have been made,
but not less than three years.

By the expression “calendar years in which contributions could have
been made" is meant all calendar years after 1965, or from age 18, if
that age was attained after 1965, to the attainment of age 65 or
cegssation of contributions, if 1later, Dbut not beyond the month of
death, and excluding any calendar month for which a disability pension
was payable.

A surviving spouse wmay become entitled to a survivor's pension by
reason of having dependent children, being disabled or simply being
over age 35 at the date of the contributor's death. The amount of
pension payable to a surviving spouse who becomes entitled to a
survivor's pension for wmore than one reason is the largest to which
she or he is entitled for any one of such reasons.

A surviving spouse who becomes entitled to both a survivor's pension
and eilther a disability pension or a retirement pension is subject to
an overriding limitation on all dual pensions (see 8 below).

A survivor's pension is suspended during any period of remarriage.



(b)

Survivor's Pension

(i) befinition of "Surviving spouse with dependent

children”

A "surviving spouse with dependent children” means a widow or
widower who wholly or substantially maintains an unmarried chilq
of the deceased contributor where the child is

A. under age 18,

B. aged 18 or over but under age 25 and
has been attending school full-time and
substantially without interruption
since attainment of age 18 or the time
of the contributor's death, whichever
occurred later, or

C. aged 18 or over and is disabled, having
been disabled without interruption since
attainment of age 18 or the time of the
contributor's death, whichever occurred
later.

(ii) Surviving spouses aged between 45 and 65 at date

of contributor's death

A surviving spouse aged between 45 and 65 at widowhood
(widowerhood) is entitled to a survivor's pension.

The amount of pension payable until the surviving spouse attains
age 65 is composed of two parts, namely, a flat-rate part
depending only on the year in which the survivor's pension is
payable and an earnings-related part depending initially only on
the pensionable earnings record of the contributor to the date of
his or her death. The initial flat-rate part is determined as $25
per month adjusted in accordance with the increase in the Pension
Index from 1967 to the year in which the death of the contributor
occurs. The initial earnings-related part is equal to 37.5% of an
earnings-~related pension based on the contributor's pensionable
earnings record calculated as at the date of the contributor’'s
death or commencement of his retirement pension, whichever is the
earlier, except that, in the latter case, the calculated pension
is adjusted in accordance with the increase in the Pension Index
from the year in which the contributor's retirement pension became
payable to the year of his death, In general, the amount of the
contributor's earnings-related pension is calculated in the manner
described earlier for retirement pensions, except that the
rcontributory period” ends at the date of death or at age 65,
whichever is the earlier, and that the number of years to be taken
into account in determining the "average earnings ratio™ is as
described above for disability pension.



(iii) Surviving spouses aged less than 45 at the beginning

(iv)

(v)

of widowhood (widowerhood) without dependent children
and not disabled

A surviving spouse without dependent children and not disabled,
aged 1less than 35 years at the widowhood (widowerhood), is not
entitled to a survivor's pension.

A surviving spouse without dependent children and not disabled,
aged 35 or more years but less than 45 at widowhood (widowerhood)
is entitled to an amount of pension, calculated as described in
(ii) above, reduced by 1/120th of such amount for each month that
the surviving spouse's age at the beginning of widowhood
(widowerhood) is less than 45.

Surviving spouses aged less than 45 at the
beginning of widowhood (widowerhood) with
dependent children

A surviving spouse aged less than 45 at widowhood (widowerhood),
with dependent children, 1is entitled to a survivor's pension
calculated as described in (ii) above.

If a surviving spouse in receipt of a survivor's pension ceases
to be a "surviving s8Spouse with dependent children”, before
attaining age 45 and not disabled at that tiwe, the amount of the
survivor's pension 18 discontinued or reduced in the manner
described in (1iii) above in accordance with the surviving
spouse's age at the time she or he ceased to be a “surviving
spouse with dependent children”.

Disabled surviving spouses aged less than 65

A surviving spouse aged less than 65 is entitled to a survivor's
pension, if she or he either is disabled at the date of death of
the contributor or becomes disabled at a later date.

The disabled surviving spouse's pension is payable from the month
following the month in which the contributor dies or from the
month following the month in which the surviving spouse become
disabled, whichever is later.

If the disabled surviving spouse recovers from disability before
age 45, the amount of the survivor's pension is discontinued or
reduced in the manner described in (iii) above in accordance with
the surviving spouse's age at the time of recovery.

The initial amount of pension is calculated as described in (ii)
above, except that, in the case where the surviving spouse
becomes disabled subsequent to the death of the contributor, the
pension 8o calculated is adjusted in accordance with changes in
the Pension Index from the year in which the contributor died to
the year in which disability occurs.



(vi) Surviving spouses aged 65 or over

At age 65, or upon widowhood (widowerhood) at a later age, a
surviving spouse who is not then in receipt of an age retirement
pension or to whom such a pension does not become payable
immediately, is entitled to an amount of pension equal to 60% of
an earnings-related pension* based on the pensionable earnings
record of the deceased spouse.

At the ¢time a surviving spouse becomes entitled to both a
survivor's pension and a retirement pension or to either one
while in receipt of the other, the total amount of pension is
equal to the greater of

A. 60% of the surviving spouse’'s own
retirement pension plus 60% of an earnings-related pension*
based on the pensionable earnings record of the deceased
spouse, or

B. 100% of the surviving spouse's own retirement
pension plus 37.5% of an earnings—related pension* based on
the pensionable earnings record of the deceased spouse,
subject to the limitation on the maximum initial amount
payable in respect of dual pensions, as explained in 8 below.

(c) Orphan's Benefit

The provisions for orphans are analogous to those described earlier
for children of disabled contributors.

For purposes of orphans®' benefits, an "orphan” means an unmarried
child of a deceased contributor, where the child is

(i) under age 18, or

(ii) aged 18 or over but under age 25 and has
been attending school full-time and
substantially without interruption since
attainment of age 18 or the time of the
contributor's death, whichever occurred later.

The amount of pension payable in respect of each orphan is $25 per
month adjusted in accordance with changes in the Pension Index from
1967 to the year in which the benefit is payable. However, only one
orphan's benefit 1s payable in respect of each child, even if both
deceased parents were contributors; furthermore as noted in 6 above, a
child may not simultaneously receive both an orphan's benefit and a
disabled contributor's child's benefit.

* An earnings-related pension, calculated as described in (ii) abowve,
adjusted, where applicable, in accordance with changes in the Pension Index
from the year in which the contributor died to the year in which the
surviving spouse attains age €5 or the year in which a retirement pension
becomes payable to her (him) while in receipt of a survivor's pension.
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Dual Pensions

\

Benefits payable to persons who become entitled to both a survivor's
pension and either a disability or a retirement pension, are subject to an
overriding limitation. The total annual amount of the two pensions cannot
initially exceed an amount equal to 25% of the average of the YMPE for the
three years ending with the year in which the later of the two pensions
commences (that is, an amount equal to the maximum retirement pension
applicable for that year).

Death Benefit

A lump-sum benefit is payable to the estate of a deceased contributor who
made contributions in at least the minimum number of calendar years
required for entitlement to a survivor's pension.

The amount of benefit is equal to

(a) in respect of a contributor to whom a retirement pension was payable
at the time of death, one-half of the annual amount of pension payable
in the year of death, adjusted to exclude any reduction that may have
arisen by reason of commencement of pension within the ten-year
transitional period ending December 31, 1975, or

(b) in respect of any other contributor, one-half of the annual amount of
an earnings—-related pension calculated in the manner described for
retirement pensions, except that the deceased contributor’'s
contributory period ends at the date of death or at age 65, whichever
is the earlier,

subject to the limitation that the amount of benefit cannot exceed 10% of
the YMPE applicable in the year of the contributor's death.

Amendments

Any major amendment providing for changes in benefits or contributions
cannot become effective until the first day of the third year following
the year in which notice of intention to introduce such a measure was laid
before Parliament and requires the consent of two-thirds of the provinces
having in aggregate at 1least two-thirds of the population of Canada
excluding the Yukon and the Northwest Territories.

Two amendments became effective subsequent to the tabling of Statutory
Actuarial Report No.6. A 19681 amendment provided that employment of a
person by his or her spouse would not be considered "excepted employment”
as 1long as the remuneration paid may be deducted under the Income Tax Act
in computing the income of the spouse. A 1977 amendment providing for the
special child rearing drop—out became effective in 1983 when the neceasary
provincial consent was obtained.
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Appendix B

ASSUMPTIONS AND PROCEDURES

General

We have continued the practice first adopted for Statutory Actuarial Report
No. 3 (December 31, 1973) of basing the Main Tables on one set of what we
regard as reasonably realistic demographic assumptions and long-term
relationships between the various economic factoxs.

As noted Dbelow, a number of changes were made in the assumptions, and the
number of auxiliary fund projections (Section III) was increased to allow
greater appreciation of the sensitivity of the projections to certain major
assumptions.

2. Economic Assumptions
The economic assumptions used for the Main Tables differ slightly from
those used for purposes of the preceding report, a key feature of which was
the assumption that (except for a short transition period) the gap between
the annual increase in average earnings and the increase in the Consumer
Price Index would remain constant at 2.0%. In the light of experience in
Canada over the 1last fifty years +this assumption might still seem
appropriate. However, there appears to be a growing body of opinion
holding that real increases in average earnings in the foreseeable future
will continue to be lower than in the past, and there may be a slow
downward trend in the compound average annual rate of real increase in
earnings (mweasured as a function of average industrial earnings and the
Consumer Price Index) as suggested by the following table:

Average Annual Compound Percentage Real Increase in
Average Wages and Salaries

5 Year Periods 15 Year Periods 25 Year Periods

Pinal Increase Pinal Increase Final Increase

Year (%) Year (%) Year (%)

1932 2.29 1952 2,75 1957 2.9%

1937 1.13 1967 2.37 1982 1.79

1942 2.37 1982 1.56

1947 3.18

1952 2.71

1957 2.82

1962 1.71

1967 2,58

1972 3.97

1977 l1.36

1982 -0.61
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The two intermediate actuarial cost projections (1983) made for the United
States social security system (OASDI) have been based on assumptions for
real increases in earnings in the long term of 1.5% and 2% respectively.
For purposes of the Main Tables in this report, it was assumed that
beginning in 1993 average earnings would increase at a real rate of 1.5%
per annum (actually approximately 1.449%). However, as for the preceding
report, we have prepared auxiliary fund projections, on an assumption of
real rate of increase in earnings one-half percentage point lower, which
may be found in Section III of the repoxrt.

The narrrowing of the gap between the assumed increases in earnings and
prices could be accomplished either by raising the assumed rate of increase
in prices or lowering the rate of increase in earnings. The latter seemed
more appropriate, having regard to the sustained and generally supported
efforts to lower the level of inflation; accordingly, the assumed ultimate
rate of increase in earnings was decreased from 5.5% to 5.0% and the
agssumed ultimate rate of increase in the Consumer Price Index was
maintained at 3.5%.

As noted in Section IV of the Report, the assumed level of inflation is of
relatively slight practical significance in determining the level of costs
expregsed as a percentage of contributory earnings, as long as real
increases in earnings are not affected. The use of higher assumed rates of
inflation, while doing very little to enhance the value of the projections,
could do substantial harm by adding weight to expectations of higher levels
of inflation.

It was decided to keep the assumed ultimate annual rate of interest on new
investments at 6.5%. This assumption, coupled with an assumption of 3.5%
for increases in the Consumer Price Index, implies an assumed real rate of
investwent earnings of 3% per annum (actually 2.899%.) This is the same
real rate of investment earnings that was assumed for the preceding report,
and for a fund invested entirely at rates reflecting long term Govermnment
of Canada bond rates is thought to be reasonably consistent with an average
long term inflation rate of 3.5%, particularly, if the rate of inflation is
assumed to be somewhat unstable. In any event , it must be recognized that
rates of interest do not have a significant effect on contribution rates,
unless a relatively high degree of funding were contemplated. The assumed
rate of interest 1is highly significant in the calculation of the
contribution rate on an "actuarially funded” basis and of the relatead
unfunded actuarial 1liability (see Appendix C); however, since the primary
purpose of such calculation 1is to compare the cost of CPP benefits with
costs of private pension plans, an assumed real rate of investment earnings
of 3% p.a. appears reasonably appropriate for this purpose as well.
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The three key economic assumptions* used for the main tables are as
follows:
-
Annual Annual
- Annual increase rate of
increase in average interest on
Year in CPIL earnings new bonds
- (%) (%) (%)
1983* 5.8 7.4 11.6
1984 5.2 5.2 10.5
-
1985 5.3 5.4 9.6
i 1986 4.8 5.0 8.7
- 1987 4.5 5.1 8.0
1988 4.6 5.5 7.4
1989 4.5 5.5 6.9
-
1990 4.2 5.3 6.7
1991 4.0 5.2 6.6
- 1992 3.8 5.1 6.5
1993 and later 3.5 5.0 6.5
- 3. Population Projections
o (a) Genexal
-

The populations required for the Canada Pension Plan pertain to Canada

excluding Quebec, but including all members of the Canadian Porces and

| the Royal Canadian Mounted Police. The population projections used for
- purposes of the financial estimates were obtained by simple subtraction
of the projected populations for Quebec from the projected populations

| for Canada. Consequently, the projected populations 4o not make
9 allowance for members of the Canadian Forces and Royal Canadian Mounted
Police resident in Quebec. However, provision for this group was made

; implicitly in the development of the participation rates given in
- Section 4 of this appendix.

.- Populations were projected from the 1976 census, after first applying

' adjustment factors to compensate for the 1976 census undercount. The

- projections carry forward to the year 2100, which provides a period of
118 years from the effective date of this examination.

e Detailed figures for selected years by sex and age—-group are given in
Schedules 5, 6 and 7 of this appendix following the description of the
; underlying fertility, mortality and migration assumptions. Schedule 1
- below shows census and projected total populations for selected years
for Canada, excluding Quebec, as well as some of the noteworthy
projected demographic relationships.

- -
* Agssumptions for 1984 to 1988 with regard to increases in average earnings
and prices are those used for the budget of February 15, 1984; these were
- extended to reach the ultimate level by 1993. The rate of interest on new
. bonds was designed to bring the implicit average real rate for the ensuing
_ ten years down smoothly from its 1983 level to the ultimate level of 3% by

- 1990. The factors for 1983 reflect actual experience.




Middle
of
Year

1961
1971
1976**
1990
2000
2025
2050

2100

(b)

Schedule 1*
Census and Projected Ratio of
Populations Population Aged
(in thousands) 65 and over to Birth
Population Aged Rate
Male Female Total 20 to 64 pex_1000
(%)
6,587 6,392 12,979 16.4 26.1
7,801 7.740 15,541 l16.4 17.6
8,568 ‘8,527 17,095 16.3 15.8
10,090 10,242 20,332 18.4 15.9
11,134 11,390 22,524 19.8 14.2
13,398 23,919 27,317 31.1 213.3
15,231 15,965 31,196 34.2 13.2
19,483 20,302 39,785 34.7 13.1
Fertility

The fertility assumptions used for the projections of the population
for Canada as well as those for Quebec provide that the age-specific
fertility rates for 2000 and later produce a total fertility rate of
2.0. (The value used for purposes of the preceding report was 2,112
which corresponded approximately to a net reproduction rate of one;
i.e, every female born alive had been assumed to bear one female
child.) For the years 1983 to 1999, the total fertility rates were
obtained by emwploying a linear interpolation between the 1982 actual
values (1.6935 for Canada and 1.5225 for Quebec) and the assumed value
of 2.0 for the year 2000. For the years 1976 to 1982, the actual total
fertility rates were available and, accordingly, were used directly in
the population projections. For purposes of distributing the ultimate
total fertility rate into age-specific fertility rates, the rates for
age—groups below 20 and above 34 were assumed to have reached their
ultimate level around 1980 and the remainder was distributed in the
same proportion as the average for the two years 1961 and 1982. The
same distribution among age-groups was used for all years in the
ultimate periods of the two projections.

* All figures shown are for Canada excluding Quebec

** 1976 starting populations adjusted for undercount of 1976 census



Schedule 2

Selected Pertility Rates
(Number of live births per 1000 females in age group)

Canada*
Recently Experienced Fertility Rates

Female

Age

Group 1965 1970 1975 1981 1982
15-19 49.3 42.8 35.3 26.4 26.5
20-24 188.6 143.3 112.7 96.7 95.4
25-29 181.9 147.2 131.2 126.9 124.7
30-34 119.4 8l1.8 64.4 68.0 68.6
35-39 65.9 39%9.0 21.6 19.4 20.2
40-494 22.0 11.3 4.8 3.2 3.1
45-499 2.0 b 0.9 0.4 0.2 0.2
Total 3145.0 2331.5 1852.0 1704.0 1693.5

_Province of Quebec

Recently Experienced Fertility Rates
Female
Age
Group 1965 1970 1975 1981 1982
15-19 26.4 20.7 - 19.5 15.0 15.1
20-24 168.4 113.9 96.4 87.8 84.1
25-29 179.6 131.0 136.2 131.1 122.0
30-34 121.5 77.4 69.4 67.8 62.8
35-39 73.8 39.0 23.4 18.1 17.7
40-44 26.7 11.8 5.2 2.8 2.7
45-49 2.7 1.0 " 0.6 0.2 0.1
Total 2996.0 1974.0 1753.5 1614.0 1522.5

* Newfoundland is excluded because of unavailability of data.

Fertility
Rates

Asgsumed
for 2000
and later
28.0
115.4
151.4
82.0

20.0

+ 2000.0

Pexrtility
Rates
Assumed
foxr 2000
and later
20.0
110.9
162.8
84.1

19.0
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It may be seen from Schedule 2 that , although recent years have shown
a steady decline in the level of total fertility, it is assumed that by
the year 2000 fertility will return to the level of about 1972 and 1970
for Canada and the province of Quebec, respectively.

This ultimate assumed 1level of fertility is somewhat lower than the
rate of 2,112 assumed for 1985 and later for purposes of Actuarial
Report No.6 which was equivalent to a net reproduction rate of one. Of
course, it is possible that fertility rates may become stabilized at an
even lower 1level. Under such conditions, however, it seems reasonable
to expect that the relative size of the productive population will be
maintained either through increased immigration or later retirements or
a combination of Dboth. (It is also possible, of course, that the
relative size of the productive population will not be maintained but
that this will be compensated by new technological developments or that
a lower level of production will become acceptable.)

The total fertility rate for 2000 and later of 2.0 is the same as that
used for purposes of the medium projections of the 1983 report on the
U.S. Social Security system, and is the basis for all tables in this
report except Tables 12 and 13. The latter are based on a total
fertility rate of 1.7 which implies the continuation of the current low
level of fertility.

(c) Mortali

Mortality is projected to improve from Life Tables, Canada and the
Provinces, 1975-1977*, assumed applicable for 1976, to an ultimate
mortality table for year 2050 and later, which is assumed to apply to
Canada as well as to Quebec only. For the intermediate years wmoxrtality
rates were obtained by a geometric interxpolation; i.e., a constant
percentage decrease in mortality from one year to the next was assumed.

The ultimate mortality table used in our population projections is in
part based on work done by the Office of the Actuary of the U.S. Social
Security Administration. "Actuarial Study No. 85 - United States
Population Projections for OASDHI Cost Estimates” derives mortality
rates for the year 2050 by considering death rates, by age—group and
sex, in 10 broad groups of causes of death, and by combining the
assumed percentage reductions for each cause of death to obtain average
reductions in wmwortality by age-group and sex for all causes combined.
For the current Canada Pension Plan projections, the same relative
improvements in mortality from 1970-1972 levels implied by Alternative
II (medium) in Actuarial Study No. 85 were assumed to be applicable to
the 1975-77 Canada Life Table. The resulting ultimate table (assumed
applicable to the year 2050 and later) produces an expectation of life
at birth of 75.4 for males and 83.4 for females, compared to 70.2 and
77.5 respectively, for the 1975-77 Canada Life Table. At age 65 the
expectation of 1life according to the ultimate table is 17.1 for males
and 22.4 for females, compared to 14.0 and 18.0, respectively, for the
1975-77 Canada Life Table. Sample values of the ultimate mortality
rates are given in Schedule 3, along with a comparison of mortality
rates on the basis of the 1940-42 and 1975-77 Canada Life Tables.

* Published by Statistics Canada and referred to herein as 1975-77 Canada Life
Tables.
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Schedule 3

Comparison of Mortality Rates for the Province of puebec and for Canada

(Annual deaths per 1,000 persons)

1975~77 Canada Life Tables

1940-42 Province Rates
Canada Life of Assumed for
Age Tables Quebec Canada Year 2050
Males

] 62.50 14.69 14.81 8.67

1 7.21 l1.25 1.03 0.57

5 1.98 0.65 0.47 0.30
10 1l.22 0.35 0.28 0.22
20 2.41 1.86 l1.81 1.59
30 2.60 1.62 1l.46 1.22
40 4.28 2.82 2.71 .70
50 8.95 8.12 7.33 4.37
60 20.29 20.84 18.43 11.85
70 47,59 47 .22 42 .48 28.65
80 117.38 101.07 95.14 67.18
90 250.48 221.56 211.51 136.08

Females

(o] 49.31 12.07 11.92 6.52

1 6.34 0.98 0.93 0.59

5 1.57 0.52 0.37 0.23
10 0.90 0.28 0.23 0.15
20 1.80 0.53 0.55 0.41
30 2,60 0.69 0.65 0.42
40 3.86 1.50 1.51 0.86
50 7.01 3.81 3.76 2.41
60 15.28 9.45 8.72 5.84
70 38.12 24.35 21.72 14.28
80 101.96 65.61 59.76 35.75
90 233.91 198.48 166.68 85.90



The 1975-77 Canada Life Tables for Canada, the corresponding tables for
Quebec, and the ultimate mortality tables constructed as above consist
of one-year probabilities of mortality for individual ages 0 to 109.
The 1976 census population data for Canada and Quebec, available by
individual ages up to 89, were adjusted to spread the 90+ age—~group by
individual ages +to 109. Survivors of the population for a particular
year were then obtained by simply applying the probabilities of
survival for that year to the given population.

(d) Migration

Immigration as well as emigration are generally recognized to be rather
volatile parameters of future population growth, since they are subject
to a variety of demographic, economic, social and political factors and
immigration is subject to government control. During the period from
1971 to 1983, for example, immigration to Canada varied from 83,000 to
214,000 p.a. and emigration from Canada is estimated to have fluctuated
between 42,000 and 84,000 p.a. Net immigration during the period
averaged about 79,000 p.a.

For purposes of this report it was decided to assume 135,000 immigrants
and 60,000 emigrants for 1976 and both these figures were increased
with time so as to maintain an approximately constant ratio of net
immigration to total current Canadian population of 0.32%. (This
assumption was used for all projections except Tables 11 and 13 which
are bhased on a constant number of net immigrants of 75,000 annually.)

For purposes of projecting the population of Quebec it was assumed that
16% of both immigrants and emigrants would be attributable to that
province; recent statistics showed 16.4% of immigrants and 15.6% of
emigrants attributable to Quebec, based on Employment and Immigration
Canada data for 1979-82 and Revenue Canada data for 1978-81,
respectively. '

In addition it was assumed that Quebec would experience net
interprovincial emigration of 24,178 in 1976 decreasing linearly to
zexo by the year 2000. The starting fiqure of 24,178 was Dbased on the
mean of 1976-81 and 1971-81 experience bul excluding Lhe yeaxr 1977
which reflected an unrepresentative high level of emigration following
the 1976 provincial election.

The distributions of immigrants and emigrants by age—-group and sex used
for purposes of the projections were based on Statistics Canada data
for 1977 <to 1980 which were almost identical to the results for 1975-
1978; the distributions are shown in Schedule 4.
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Schedule 4

Distributions of Immigrants and Emigrants by Age Group and Sex

Immigrants
Age Group Males Females
(%) (%)
0— 4 4.511 4,337
5- 9 4,155 3.857
10-14 4.022 3.692
15—-19 5.480 6.091
2024 7.342 8.665
25-29 €.900 6.639
30-34 4,339 3.872
35-39 2.561 2.2357
40—44 1.533 1.511
_45—49 1.206 1.699
50-54 1.206 2.153
55-59 1.386 2.213
60-64 1.649 1.893
65-69 1.004 1.319
70+ 0.911 1.527
Total: 48,205 51.703
(e) Populations

Emigrants
Males Females
(%) (%)
3.367 3.182
4.054 3.936
3.773 3.710
3.551 3.968
3.524 6.280
6.201 8.110
7.183 6.595
4.423 4.533
3.373 2.958
2.462 2.200
1.853 2.002
1.495 1.697
1.162 1.222
0.972 0.899
0.557 0.721
47.950 52.017

In Schedules 5, 6 and 7 are shown for Canada, the Province of Quebec

and Canada excluding

Quebec,

respectively,

the 1976 starting

population* and the projected populations for 1990, 2000, 2025, 2050
and 2100. The populations shown are distributed by sex and broad age
groups. These populations were used for all projections except Tables

11, 12 and 13.

-
* 1976 census adjusted for undercount.
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4. Participation Rates and Modified Average Earnings

(a)

(b)

(c)

(4)

For each of the years 1975-79, the CPP Division of the Department of
Supply and Services provided us with a cumulative distribution of
contributors and of earnings ( for each of eleven age-groups subdivided
by sex) aover some elghty earnings ranges, expressed as percentages of
the average earnings for the "sex/age-group cell” involved. We took
the averages of the 5 years of experience, for each cell séparately,
and assumed that these would represent cumulative distributions of
contributors (C—distribution) and of earnings (E-distribution)
applicable to that cell indefinitely in the future. Por illustrative
purposies, the data might indicate that 60% of contributors for a
particular cell earn less than 120% of average earnings for the cell
(C-distribution) and account for 40% of total earnings for the cell (E-
distribution). By interpolation between the various points of the
distributions, we could then determine for any percentage of average
earnings of any cell what percentage of contributora earn less than
such percentage of average earnings, and what percentage of total
earnings for the cell are earned by such contributors.

Superficially, one might expect that there would be few, if any,
contributors earning less than the Year's Basic Exemption (YBE), since,
except in unusual circumstances, the contributiong of such
contributors are refundable and their earnings are not counted for
purposes of calculating pensionable earnings. Surprisingly perhaps,
the data revealed a very large number of contributors earning less than
the YBE, as large or almost as large as one might expect if there were
no YBE. The likely reason for this is that most contributors who earn
less than the YBE during a year have low yearly earnings because they
work for only a small fraction of the year, but during that fraction
they have monthly earnings in excess of 1/12 of the YBE. Employer and
employee contributions must be deducted at source for any month during
which earnings exceed 1/12 of the YBE (unless the year's maximum has
already been deducted), and vhile the employee contributions may be
refundable if the employee earns less than the YEE during the year, the
employer contributions are not. Hence, the bulk of earners earning
less than the YBE in any year would seem to have employer contributions
to their credit, and therefore have a record of their earnings for that
year maintained on the CPP Record of Earnings, even though such
earnings are not countable for pensionable earnings purposes. For this
reason, it appeared reasonable to consider the cumulative distributions
of contributors (C) and of their earnings (E), developed in (a)
above,as being cumulative distributions of earners and of their
earnings, for purposes of subsequent analysis.

For 1970 to 1980, we obtained experience participation rates assuming
no YBE for each "year/sex/age—group cell", by dividing the total number
of contributors (assumed to be the total number of earners) by the
projected populations. From other data available we extended these
backward to 1966. We also projected them forward to 2100 taking into
account the trend in s8such rates during the 1970-80 period, the
continued increase in particpation by females, and our expectation as
to 1likely changes in the future. The result was a complete set of
participation rates assuming no YBE for each "year/sex/age—group cell"”
running from 1966 to 2100.

We obtained average earnings assuming no YBE, for 1971 to 1980 for each
"year/sex/age-group cell"”, by dividing total earnings by total number
of contributors (assumed to be total number of earners). From other
data available, these were extended backward to 1966.

For years subsequent to 1980 it was assumed that total average earnings
{ for all age—groups and both sexes combined) would increase at the same
annual rate as the Industrial Composite (average wages and salaries)
for Canada. Por 1980-81 and 1981-82 we used the known rate of increase
in the Industrial Composite and, for subsequent years, the rates of



(e)

()

increase in average earnings postulated in the economic assumptions
(see 2 abhove).

However, we did not apply such aggregate rates of increase to each
"sex/age—-group cell”, because we expect a gradual narrowing of the gap
between earnings for males and females. Hence, we developed rates of
increase in average earnings for each "sex/age—-group cell” that would
(i) produce an aggregate rate of increase equal to the rate postulated
in the economic assumptions, (1ii) produce rates of increase for each
age—-group, both sexes combined, that would be the same for all age-
groups, and (1ii) produce separate rates of increase for male and
female average earnings for each age-group such that the ratio of
female to male average earnings would move 1% of the way to unity each
year.

In this manner average earnings, assuming no YBE, were calculated for
each "year/sex/age—group cell™ from the year of inception, 1966, to
2100.

on the basis of the formula for the calculation of the Year's Maximum
pensionable Earnings (YMPE) described earlier in this Report, and the
assumed increases in average earnings taken to apply to the Industrial
Composite of Wages and Salaries, we were able to project the YMPE for
each year in the future.

Future YBE's were taken as 10% of the projected YMPE's rounded down to
the nearest lower multiple of $100 if not a multiple of $100.

For any "“year/sex/age—group cell”, the YBE could then be expressed as a
percentage of average earnings and, using the C—distribution described
in (a), we could calculate the proportion of earners earning less than
the YBE. Applying the complements of Bsuch proportions to the

‘participation rates assuming no YBE, yielded particpation rates

excluding earners earning 1l1less than the VYBE, which are the
participation rates used in subsequent calculations. Sample values of
such participation rates are shown in Schedule @ below. : '
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Schedule 8

Participation Rates

(used for all financial projections except Table 7.)

Age Group 1985 2000 2025 2050 2100
(%) (%) (%) (%) (%)
Males 18-19 | 75.3 75.3 75.1 74.7 74.2
20-24 89.5 89.6 89.4 89.2 88.9
25-29 93.6 95.4 95.3 95.2 95.0
30-34 96.4 96.7 96.6 96.5 96.3
35-39 95.1 96.2 96.1 96.0 95.8
40-44 94.3 94.3 94.2 94,1 93.9
45-49 91.3 92.2 92.1 92.0 91.9
50-54 89.3 89.5 89.4 89.3 89.1
55-59 82.9 83.9 83.8 83.7 83.5
60-64 69.5 70.0 69.9 69.8 69.6
65-69 16.6 15.0 15.0 14.9 14.9
Females 18-19 63.9 65.8 69.0 69.5 70.1
20-24 71.7 74.0 78.1 78.4 78 .8
25-29 64.4 66.9 70.9 72.0 72.4
30-34 62.9 67.0 71.2 73.1 73.6
35-39 63.0 69.7 74.1 76 .7 77.2
40-44 64.2 69.8 74.1 77.5 77.9
45-49 59.4 67.2 71.4 75.4 75.8
50-54 52.6 62.7 66.9 70.8 72.0
55-59 42,7 52.6 59.3 63.2 65.0
60-64 30.0 37.5 45.0 ‘ 48.7 51.2

65-69 5.7 4.9 5.0 5.0 5.1



(g) The next step was to calculate Modified Average Earnings for each
"year/sex/age—group cell”; these are average pensionable earnings of
contributors earning more than the YBE based on average earnings
excluding portions of earnings above the YMPE. The formula used is

MAE=AE(EU - EL) + YMPE (1 - CU)
l -CL

MAE = Modified Average Earnings

2

Average earnings (developed in (d) above)

CL = Proportion of earners earning less than the YBE
(calculated from C-distribution in (a) above)

CU = Proportion of earners earning less than the YMPE
(calculated similarly to CL)

EL = Proportion of total earnings attributable to persons
earning less than the YBE (calculated from
E-distribution in (a) above)

EU = Proportion of total earnings attributable to persons
earning less than the YMPE (calculated similarly to
EL)

YMPE= Year's Maximum Pensionable Earnings, as developed in (e)
above.

Sample values of Modified Average Earnings, which are the
earnings used in the rest of the calculations for purposes of the Main
Tables, are shown below.

Schedule 9

Modified Average Earnings
(used for all financial projections except Table 7)

1985 2000 2025 2050 2100

Y.M.P.E $ 23,400 $ 51,100 $173,000 $585, 900 $6,719,100

Age Group
Males 18-19 11,705 24,049 80,609 268, 309 3,012,695
20-24 14,943 30,762 103,173 343,512 3,855,400
25-29 18,621 39,049 131,127 438,141 4,932,729
30-34 19,957 42,294 141,919 474,757 5,348,189
35-39 20,324 43,258 144,999 485,223 5,464,440
40-44 20,304 43,194 144,777 484,223 @ 5,448,945
45-49 20,181 42,964 143,884 481,150 5,411,700
50-54 19,942 42,508 142,396 476,235 5,355,347
55-59 19,415 41,245 138,546 463,026 5,204,764
60-64 18,122 38,298 129,115 431,654 4,857,119
65-69 13,492 28,029 94,520 316,693 3,588,565
Females 18-19 9,249 19,658 69,573 240,631 2,839,822
2024 11,946 25,346 90,023 311,822 3,685,016
25-29 14,687 31,646 112, 444 389,782 4,594,927
30-34 14,872 32,582 116,313 404,113 4,764,823
35-39 14,803 32,862 118,259 412,450 4,874,531
4044 14,828 33,014 119,237 416,659 4,930,224
45-49 14,804 33,094 119,533 418,062 4,948, 807
50-54 14,689 32,970 119, 252 417,012 4,937,433
55-59 14, 366 32,095 116,538 407,552 4,830,622
60-64 13,936 30,774 111,562 389,592 4,617,580

65-69 10,760 23,220 83,318 291,092 3,473,808



(h)

...53_

The element of unemployment was not introduced explicitly into the
calculations, because it was felt that to do 80 would not measurably
enhance the projections. Unemployment is however accounted for
implicitly in the determination and projection of participation rates
and average earnings.

5. Contributions and Expenses of Administration

6.

(a)

(b)

(c)

(a)

Contributory earnings were calculated as the product of (1) Modified
Average Earnings less the Year's Basic Exemption, (ii) participation
rates, and (iili) projected populations.

Logic would seem to indicate that contributory earnings calculated in
this fashion, to be used for the purpose of estimating contributions,
should be increased somewhat to allow for the fact that contributions
may be collected from other sources, e.g., (i) contributions made by an
employer 1in respect of an employee earning less than the YBE are not
refundable, (ii) excess contributions made by an employer in respect of
an employee earning more than the YMPE are refundable only to the
extent that the employee had earnings with that particular employer in
exceas of the YMPE, and (iii) in cases where employees or employers
entitled to refunds do not claim such refunds, they are not made.
However, while in the early years of the Plan contributions estimated
in accordance with the above method were always less than contributions
actually collected, from 1977 to 1981 there was virtually no
difference. In 1982 actual contributions jumped to 108% of expected
only to fall to 91% in 1983, but this seems to be attributable to the
fact that nearly all contributions related to 1982 earnings were made
in 1982, while 1983 was subject to the customary delay of receipts to
the early months of the following calendar year. Consgsequently, for the
purposes of this report, it was decided to estimate contributions for
all future years 1in the manner described above, without adjustment,
except for 1983 where the estimated value was replaced by the known
actual value.

The contribution rates assumed in the fund accumulations were applied
to contributory earnings to estimate contributions.

Costs of administration were assumed to be at the level of 0.1% of
contributory earnings. Short run estimates were reduced somewhat below
this level to bring them into 1line with what might be reasonably
expected on the basis of recent experience. (see 12(b) below)

Retirement Pension

(a)

(b)

(c)

Por various sample cohorts, the average unadjusted pensionable earnings
history of an average male and an average female was determined by
multiplying modified average earnings by participation rates for each
year of the person's primary contribution period, (i.e., the period
running from January 1, 1966, or attainment of age 18, whichever is
later, to attainment of age 65).

The average unadjusted pensionable earnings for each year of the
history were divided by the Year's Maximum Pensionable Earnings (YMPE)
for the vyear involved and multiplied by the average of the three
congsecutive YMPE's ending with the year of attainment of age 65 to
obtain the average adjusted pensionable earnings history. ‘

Average benefit factors are calculated as equal to 25% of (i) the sum
of the average adjusted pensionable earnings of the individual less
earnings that have to be dropped out, divided by (ii) 85% of his
primary contribution period. Incidentally, it should be noted that by
summing the average adjusted pensionable earnings in (i) for an
individual of a cohort, we obtain the average sum of all the



pensionable earnings of individuals belonging to the cohort, which is
what is desired. Unfortunately, there is no automatic way of
determining what earnings have to be dropped out from this sum. The
earnings that have to be dropped out for an individual are the lowest
earnings of that individual for a number of years equal to 15% of the
primary contribution period. We could make a reasonably accurate
estimate of a maximum and a minimum value of the earnings to be dropped
out for an average individual (the minimum value being 0, provided
participation rates do not average more than 85%, the maximum value
being the product of the lowest adjusted pensionable earnings value and
the lowest participation rate over this average individual's
contributory period, plus the product of the next lowest adjusted
pensionable earnings value and the next lowest participation rate, and
so on for a number of years equal to 15% of the primary contribution
period). Por males it was assumed that the earnings to be dropped
would equal half of the maximum value. For females it was assumed that
each female would have at least 15% years of nil earnings, so that no
earnings were dropped.

(d) The average benefit factors for sample individual ages developed
pursuant to (c) were increased slightly to allow for the disability
drop—~out provisions of the plan. Then, interpolation techniques were
used to convert the factors applicable to individual ages into factors
applicable to age—groups 65-69, 70-74 and 8o on in quinquennial
attained years.

(e) Some contributors continue to participate in the plan for a while
between age 65 and age 70; the benefit factors for age—group 65-69
were accordingly reduced by a percentage equal to 20 times the the
ratio of those 1in the age-group 65-69 who have earnings to those
eligible to receive a retirement pension at age 65.

(£) The above described techniques were used to develop benefit factors for
benefits that would emerge after 1980. Por benefits already in pay in
1980, Dbenefits factors for dquinary age—groups were developed by
dividing benefits in pay in that year by the projected populations for
that year. These benefit factors were also deemed to be applicable
to those of the 1980 pensioners who survive to future years, sublect to
adjustment of the age—group 65-69 factors to take into account that not
all eligible persons in that age-group would have applied for benefits
by 1980.

(g) These Dbenefit factors, when applied to the projected populations aged
65 and over, vyielded estimated benefits payable in all future
quinquennial years. Lagrange interpolation was then used to obtain
benefits payable in non—quinquennial years.

(h) The benefits were thereafter increased by the required Pension Index
escalation.

7. Disability Pension

(a) General Procedure

The general procedure used to estimate disability benefits was to (i)
project flat-rate and earnings-related benefits in pay at the end of
1975 using suitable disability termination rates and augmenting
benefits payable to such survivors according to Pension Index
increases; (i1) estimate flat-rate benefits emerging in years
subsequent to 1975 by application of disability incidence rates,
probabilities of being insured for disability, and flat-rate benefit
factors, to the prolected populationg developed as described in 3
above, (1ii1i) estimate earnings-related benefits emerging in years
subsequent to 1975 Dby application of disability 1incidence rates,



(b)

(c)

proportions of earnings insured for disability benefits, and earnings-—
related benefit factors, to the same projected populations; and (iv)
project flat-rate and earnings—-related benefits emerging in years
subsequent to 1975 to future years in a manner similar to that used in
projecting benefits in pay at the end of 1975, as described in (1i).

The estimate of Dbenefits paid in any particular future year would of
course be equal to the sum of the benefits projected to that year.

Benefits in Pay at the end of 1975

These were available from sgspecial tabulations subdivided by age, sex
and duration prepared for us by the CPP Division of the Department of
Supply and Services. Since the totals were somewhat out of line with
known amounts of disability benefits paid in 1975 available from other
sources, the data were adjusted to ensure consistency with such
amounts,

Probabilities of being insured for disability benefits

Since the main requirement to be insured for disability benefits isg to
have made contributions in at least five of the last ten years, such
probabilities are heavily dependent upon the levels of participation
rates 1in such recent years and, since such probabilities may be higher
or Jlower than such levels depending upon working patterns, it was
decided to assume that an individual's probablility of being insured for
disability benefits in any given year would be equal to the average of
the most recent ten participation rates for his age-sex cohort. Sample
probabilities are shown below.

Schedule 10

Probability of Being Insured
for Disabllity Benefits

Age 22 25 30 35 40 50 55 60

Males

1980 0.151 0.606 0.959 0.982 0.972 0.933 0.908 0.851

2050 0.147 0.589 0.927 0.959 0.960 0.926 0.900 0.844

2100 0.147 0.587 0.925 0.958 0.958 0.924 0.899 0.843
Pemales

1980 0.113 0.451 0.642 0.566 0.537 0.504 0.464 0.398

2050 0.124 0.497 0.738 0.734 0.753 0.753 0.713 0.640

2100 0.125 0.500 0.743 0.739 0.758 0.762 0.729 0.663

(4)

Proportions of earnings insured for disability benefits

Since insured contributors will generally have higher aggregate
earnings than uninsured contributors, such proportions should be higher
than the probabilities of being insured for disability benefits.
Sample values of proportions assumed are shown below.



Males
1980
2050
2100

Females
1980
2050
2100

(e)

Age

Insured for Disability Benefits
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Schedule 11

Proportion of Earnings

22

0.830
0.829
0.829

0.823
0.825
0.825

25

0.921
0.918
0.917

0.890
0.899
0.900

30

0.991
0.984
0.983

0.919
0.941
0.942

Disability Incidence Rates

The disability incidence rates used differ slightly different from
those used for Statutory Actuarial Report No.6.
by dividing 1975 emerging disability beneficiaries by the product of
the 1975 actual (instead of projected) populations and the assumed 1975
probabilities of being insured for disability benefits.

are as follows:

35

0.995
0.990
0.989

0.892
0.933
0.935

Schedule 12

40

0.993
0.988
0.987

0.884
0.926
0.927

50

0.983
0.970
0.970

0.876
0.901
0.905

Disability Incidence Rates per 1000

Age
25
30
35
40
a5
50
55

60

Males

0.342

0.457

0.758

1.355

2.208

4.542

9.005

17.484

Females

0.206

0.310

0.478

0.890

l1.680

3.298

6.694

13.5085

55

0.977
0.955
0.954

0.866
0.871
0.878

60

0.963
0.922
0.921

0.849
0.820
0.831

They were calculated

Sample values



(£) Disability Termination Rates

Since CPP experience to date has not been sufficiently extensive to
yield reliable termination rates, at least at the longer durations, it
was decided to continue the use of rates derived from graduated OASDI
rates as published in Actuarial Study No. 74 of the U.S. Social
Security Administration pertaining to 1968-74 experience under the
United States plan; preliminary investigation showed that these rates
would not be inappropriate for application to CPP beneficiaries.
Sample values are listed below.

Schedule 13

Disability Termination Rates per 1000

Year of Disability Attained
Age 1 2 3 4 5 Ultimate Age
Males 25 115.9 176.0 105.1 61.3 40.3 29.2 30
30 116.8 164.3 97.4 58.1 41.1 28.7 35
35 118.9 158.6 95.5 59.0 43.8 31.0 40
40 117.4 144.0 88.0 58.1 46.2 35.2 45
45 120.8 126.6 78.9 57.6 49.4 41.5 50
50 118.6 109.4 72.8 60.5 56.0 52.6 55
55 113.3 97.4 71.9 66.3 65.7 64.7 60
60 102.8 89.6 75.7 74.1 74.5 - 65
Pemales 25 70.8 98.8 65.3 39.3 26.5 19.2 30
30 63.1 87.3 58.5 38.3 28.5 22.3 35
35 68.4 87.7 58.6 39.4 29.6 22.8 40
40 74.4 90.5 59.4 38.1 29.2 22.6 45
45 78.9 85.7 55.3 37.2 30.1 25.8 50
50 75.3 72.7 47.4 35.5 31.7 30.0 55
55 68.9 61.2 43.9 37.0 35.2 34.4 60
60 60.6 54.7 43.2 39.0 37.8 - 65

(9)

(h)

Earnings-related benefit factors

Such factors were developed in a wanner similar to that used in the
development of retirement benefit factors described in 6 above,
multiplied by .75, to allow for the difference in the benefit formula.

Pinal adjustment

The above procedures and assumptions yield estimated benefits extremely
close to actual benefits paid for each of the years 1976 through 1982,
However, for 1983 actual benefits exceeded estimated benefits by 6%.
It was thought that this might be a temporary aberration associated
with the economic recession and that it would wear off in time.
Consequently, benefits for 1990 and all subsequent years were estimated
in accordance with the above described procedures and assumptions, but
for 1983 estimated benefits were replaced by actual benefits, and for
years 1984 through 1989 the actual benefits paid in 1983 were graduated
into the estimates for 1990. (see 12(b) below)

8. Disabled Contributor's Child's Benefit

(a)

General Procedure

(1) It was assumed that all children under age 18 would be entitled
to Dbenefits if a parent was in recelipt of a disability pension,
but that no children over age 18 would be entitled; it was
further assumed that parents would not be disabled at the time of
a child's birth.



(ii) PFor quinquennial years and quinary age—groups and each sex
separately, adult disability beneficiaries who had become
disabled within the 1last 'n' vyears (n=5, 10, 15 or 20), were
estimated using techniques similar to those described in 7 above
for the estimation of flat-rate disability benefits.

(1i1) T™he beneficlaries in (ii) were divided by estimates of the
general population 'n°® years earlier to obtain probabilities that
an 1individual of given sex and age-group in a given year would
become a disability beneficiary within the next 'n' years and
survive as such to the end of the 'n' years.

(iv) A percentage age distribution of fathers of new born children
(for male contributors) or mothers of new born children (for
female contributors) was applied to the above probabilities, to
vield probabilities that an 'n' year old child in a given year
will have a father or a mother of a given age, as the case may
be, who became a disability beneficiary after the birth of the
child and who survived as such to the given year.

(v) Summing 8such probabilities over all ages of the parent yielded
the probability that the child would have a parent who is a
disability beneficiary in a given vyear, and therefore the
pProbability that the c¢hild would be entitled to a disabled
contributor's child's benefit in respect of that parent in that
given year.

(vi) Interpolation between the pivotal probabilities for age 'n' of
the child developed in (v) yielded probabilities that a 0-4, 5-9,
10-14 or 15-17 year o0ld child in the given year would be entitled
to a disabled contributor's child's benefit in respect of a
parent of a given sex.

(vii) Applying such probabilities to the projected children's
populations yielded disabled contributor's child beneficliaries;
the beneficliaries 1in respect of disabled mothers were then
reduced by 5% to allow for the fact that children may not receive
benefits in respect of both parents; Lagrange interpolation was
used to determine beneficiaries for non-quinguennial years, and
beneficiaries were multiplied by the applicable amount of flat-
rate benefits to ylield benefits.

(viii) Before projecting adult beneficiaries in (ii) above, based on the
distribution of existing adult beneficiaries at December 31,
1975, and estimatea of future emerging beneficiaries, it was
determined that the existing adult beneficiaries at December 31,
1975 were inconsistently high relative to the known child
beneficlaries at that time, and that the use of such figures
would significantly overstate the number of child beneficiaries
in the early vyears of the projection. Therefore, the existing
adult beneficiaries at December 31, 1975 were reduced for
congistency with the known number of child beneficiaries at that
time.

(ix) The above procedures and assumptions yield estimated benefits
somewhat greater than actual benefits paid for most of the years
from 1976 to 1982 8o that they appear to contain a margin of
congervatism which was fully retained after 1989. (see 12(Db)
below)

. (b) Age distribution of parentg of new-born children

The distribution of fathers and mothers of new-born children by age
was based on data from Vital Statistics for 1965 to 1969 and 1970 to
1974, respectively.
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9. Surviving Spouse‘'s Pension

(a)

AGE

20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89
90+

(b)

(c)

(d)

(e)

For quinquennial years (after 1980) of first spouse's death, male
deaths (for widows' Dbenefits) and female deaths (for widowers'
benefits) were derived consistent with our population projections and
multiplied Dby proportions married at death to obtain married deaths.
The proportions married at death were derived from actual experience
as shown 1in Vital Statistics for the particular calendar years 1960,
1965, 1970, 1975 and 1980. Por the years after 1980, proportions were
extrapolated on the basis of these five series of actual values.
Sample values are shown below.

Schedule 14

Proportions Married at Death(%)

MALES i FEMALES
1975 2000 2015+ 1975 2000 2015+
19 13 13 35 18 18
49 30 30 59 46 45
62 55 54 72 55 54
68 62 62 75 62 62
73 63 63 77 68 68
75 67 67 79 76 76
76 68 68 76 74 74
77 74 74 70 71 71
77 76 76 63 62 62
75 77 77 52 51 51
70 74 74 90 41 41
65 70 70 28 27 27
55 63 64 19 16 16
42 58 59 10 10 10
29 a3 33 4 3 3

To determine numbers of emerging widows and widowers for flat-rate
benefit purposes, married deaths were multiplied by an estimated
probability of the deceased spouse being insured for the spouse's
benefit, based on participation rates during his/her contributory
period.

Por earnings-related benefit purposes, married@ deaths were multiplied
by earnings-related benefit factors, developed by a procedure similar
to that used for retirement benefit factors described in 6 above.
Theoretically, as for disability benefits, they should also be
multiplied by proportions of earnings insured for spouse's benefits.
However, since the coverage requirements are less severe than those for
disability benefits, it was felt that such proportions would be close
to unity and that this refinement was not necessary.

Both numbers of insured married deaths and emerging earnings-related
benefits were then distributed by age of surviving spouse using
relative age distributions of husbands and wives as derived from
the 1976-80 experience under the Plan.

Comparisons of actual benefits that emerged during the 1976-80 period
with those estimated to emerge using the above techniques indicated
that for that periocd at least, our procedures and assumptions tend to
overestimate benefits emerging. There may be several reasons for this.
For example, we made no allowance for considerations such as (i) the
mortality of married contributors possibly being lighter than general
population mortality, (ii) the fact that not all eligible survivors
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apply for benefits, and (iii) the non—-entitlement oxr the reduced
entitlement to benefits of survivors under age 65 because of the
absence of children and disability while the survivor is under age 45.
However, it was also felt that the importance of some of these factors
would diminish with time. Consequently, it was decided to reduce our
estimates of Dbenefits emerging, determined by the above methods, by
application of the following factors varying by sex, type of benefit
and year of emergence:

Schedule 15

Widows Widowers

Calendar Year Flat-rate Earnings—related Flat-rate Earnings-related

1985 0.90 0.85 0.60 0.45
1990 0.95. 0,90 0.65 0.50
199% 1.00 0.95 0.70 0.55
2000+ 1.00 0.9% 0.7% 0.60

(£)

(9)

(h)

(1)

These quinquennially emexrging surviving spouses and their earnings-
related benefits were then projected to quinquennial years using
mortality and remarriage as causes of decrement.

For widows, rates of remarriage were assumed in accordance with the
rates described in the paper "Remarriage Experience under the Pension
Act of Canada" (Transactions of the Society of Actuaries, Volume XII),
rates that were based on the 1940-1957 experience and that are somewhat
lower than those which have been experienced across Canada in more
recent periods and consequently may result in some overstatement of
widows' benefits.

For widowers, rates of remarriage were developed from some rather
scanty data available in the Vital Statistics publications and were
adjusted so as to produce approximately the same proportionate
overstatement in benefits as the rates used in the valuation of widows'
benefits.

Survivors under age 65 were multiplied by flat—rate benefit factors,
and both earnings-related benefits and flat-rate benefits were
increased by the required Pension Index escalation.

For surviving spouses over age 65 entitled to a retirement benefit,
there is a 1limit on the combined surviving spouses’' and retirement
pensions available, inferior to the sum of the two pensions. 5ince the
full retirement pension is assumed to be payable in our estimates of
retirement pensions, estimates of surviving spouses' pensions had to be
reduced to take into account this limit. The required reductions were
estimated on the basis of rough hypothetical distributions of surviving
spouses’' and retirement pensions around their mean value.

Surviving spouses under age 65 who are also entitled to disability
pensions are subject to a similar limit on their combined pensions, but
this was ignoreqd.

The foregoing steps produce earnings—related benefits and flat-rate
benefits for each quinquennial calendar year following each
quinquennial year of widowhood after 1980. By interpolation between
the figures for quinquennial years of widowhood and summation of the
results, benefits were obtained for all quinquennial years following
each quinquennial Yyear of widowhood after mid-1980 combined. Benefits
actually in pay in mid-1980 were projected to such quinquennial years
using the mortality and remarriage factors mentioned in (£) and making
due allowance for Pension Index escalation and the change in benefit
formula at age 65. These were then added to the survivors of
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subsequently emerging benefits to obtain total benefits in pay in
quinquennial attained years. Lagrange interpolation between these
results yielded benefit estimates for the remaining attained years.

10. Orphan's Benefit

(a) General Procedure

(1)

(ii)

(iii)

(iv)

(v)

It was assumed that all children under age 18 of deceased insured
parents would Dbe entitled to benefits, but that no children over
age 18 would be entitled.

Age distributions of fathers and mothers of new-born children were
projected 'n* years (n=5, 10, 15 or 20) to determine probabilities
that a child has a deceased father, or mother, who would have
belonged to a certain age—group if he or she had survived. Such
probabilities were reduced for early years of the Plan to exclude
the probability of dying before January 1, 1968 since such deaths
would not have been insured.

The probabilities developed in (ii) were multiplied by the
proportions of parents insured for orphans' benefits at date of
death, taken as a uniform .98 for fathers but varying according to
year and age at death for mothers (the year and age at death were
assumed to be at the mid-point of the period of exposure to death
inherent in the probabilities developed in (il) above. The
proportions of mothers insured for orphans' Dbenefits are as
follows:

Age Group 1975 2000 2025 2050
20-24 72 77 77 77
25-29 68 82 82 82
30-34 61 80 81 81
40-44 a5 78 80 80
50-54 45 73 78 78
60-64 36 63 75 75

The probabilities as adjusted in (iii) above, summed over all ages
of the parent, yield the praobability that a child age °'n’ in a
particular year would be entitled to orphan's benefits.
Interpolation between those pivotal values yielded probabilities
that children aged 0-4, 5-9, 10-14, or 15-17 in that year would be
entitled to orphans' benefits in respect of a parent of a given
sex. Such probabilities, when applied to the projected children's
population, yielded orphan beneficiaries. The orphan
beneficiaries in respect of female contributors were reduced by
five percent to allow for the fact that a child cannot
simultaneously receive benefits in respect of both of his parents.
Since the calculations had been carried out for gquinguennial
years only, Lagrange interpolation was used to obtain
beneficiaries for other years. Benefits were determined by
multiplying beneficiaries by the flat-rate amount of benefit
adijusted in accordance with the Pension Index.

Benefits projected for the early years following the valuation
date by the above procedures turned out to be unreasonably high in
comparison with benefits that have been paid in recent years and
were reduced to allow for recent experience. However, it is
likely that the long-run estimates will also turn out to have a
congiderable margin of conservatism. (see 12(b) below)
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12.

(a)

(b) Age distribution of fathers and mothers of new-born children

The distributions of fathers and mothers of new-born children by age
wereé based on data from Vital Statistics for 1958 to 1962 and 1966 to
1970 respectively.

Death Benefit

Estimated deaths were multiplied by earnings-related benefit factors
developed by a procedure similar to that used for retirement benefit
factors described in 6 above, but representing the value of half a year's
instead of a full year's pension payment. The resultant death benefit
estimates were reduced to allow for the fact that the death benefit cannot
exceed 10% of the YMPE for the year of death. In addition, 8since it was
found that estimates for years shortly following the effective date of
this report exceeded benefits that could be expected to be paid on the
basis of recent experience, short-run estimates were further reduced to
bring them into 1line with what might be reasonably expected. (see 12(Db)
below)

Split of Pensionable Earnings on Divorce or Annulment of
Marriage, Child Rearing Drop—out and Final Adjustments

The assumptions described above were used for making estimates without
taking into account the plan provisions for (i) an equal split between
spouses of pensionable earnings c¢redits during their marriage upon
application by either spouse after termination of the marriage by divorce
or annulment and (ii) the option to drop out years of earnings during
which a contributor had care of a child under age 7 in determining benefit
amounts if to the advantage of the contributor.

Sets of adjustment factors were developed and applied to benefits as
determined above to take into account both of these provisions.

FPor the first of these provisions, a second set of estimates was made
assuming that total pensionable earnings of both spouses earned during
their marriage would be split equally between them on a year-to—-year basis
in all cases.

Adjustment factors were then based on the assumption that estimates should
reflect 9/10 (14/15 for spouses’' benefits) of the figures generated by the
first set of estimates, plus 1/10 (1/15 for spouses' benefits) of the
figures generated by the second set of estimates.

FPor the second of these provisions, earnings—-related benefits payable in
respect of female contributors were increased by adjustment factors to
allow for the child rearing drop—-out provision. These adjustment factors
were calculated as follows:

(i) It was assumed that the average female would have two children,
separated two years in age, so that she would be potentially eligible
for nine additional years of drop—out, representing approximately 20%
of her contributory period.

(ii) It was estimated that in the long-run retirement benefits for females
would be increased 17% if <the regular drop-out provision were
increased from 15% to 35%. It was felt that this would overstate the
effect of the child rearing drop-out provision in that a modification
in the regular drop-out provision from 15% +to 35% would permit
dropping out an additional 20% years of lowest earnings while the
child rearing drop—out provision only permits dropping out the actual
years of care of children which may not be those of lowest earnings.
It was decided to assume that the child rearing drop—out provision
would have only half the effect of a modification in the regular



(b)

13.
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drop—out provision from 15% to 35%, 1i.e., would increase female
retirement benefits in the long-run by 8.5%.

(1ii) In the short-run, the effect on retirement benefits would be much
less, e.g., it would Dbe very small for a female aged 40 at the
inception of the Plan since she would be unlikely to have years of
child rearing in her contributory period. Consequently, the 8.5%
increase in female retirement benefits, assumed applicable from 2025
onwards, was graded down to much lower percentages for earlier years.

(iv) While the effect on other earnings-related benefits is not identical
to that on retirement benefits, nevertheless for simplicity and
because of their relative unimportance, the factors developed for
female retirement Dbenefits were also applied to other earnings-
related benefits in respect of female contributors.

The split of pensionable earnings credits on marriage termination has an
effect on Dbenefits varying according to their categories, particularly
subdivisions by sex of contributor, but it has very little effect on the

aggregate level of benefits, and for such purposes might well have been
ignored . '

The adjustment factors for the Child Rearing Drop—out provision, which we
assumed would apply only in respect of benefits attributable to female
contributors, have a much more significant effect on the aggregate level
of benefits, and of course operate so as to increase that level.

The actual expenditures for 1983 were known before completion of this
report, and it appeared that total actual expenditures excluding surviving
spouses' Dbenefits exceeded projected expenditures by about 0.8% in
aggregate. However, it was decided to replace the 1983 projected values
by actual values and to replace the projected values to 1989 inclusive by
values which produce differences gradually decreasing to zero in 1990.

FPund Projections

(a) The Fund, for the purpose of this report, is assumed to be the amount
to the credit of the Canada Pension Plan Account.

(b) Annual investments in provincial bonds prior to 1983 are known, but
for various reasons are less in total than the amount to the credit of
the Canada Penhsion Plan Account at December 31, 1982. ' They were
adjusted proportionately so as to match the said credit,

(c) The annual amounts of interest earned on each year's investments made
prior to 1983 are also known, and were adjusted in proportion to the
adjustment in the investments.

(d) amounts invested in each future year were taken as equal to
contributions for the year minus benefits for the year plus one year's
interest on outstanding investments plus prior investments matured
during the year.

(e) Each future year's investments are assumed to earn interest until
" maturity at the annual rate of interest on new investments postulated
in the economic assumptions for the year of investment.

(£f) Normally, investments are assumed to mature after 20 years. However,
if the amount to be invested in any year, calculated by the formumla in
(d), and assuming 20-year maturities, should turn out to be negative,
it is necessary to assume additional maturities in that vyear
sufficient to provide a positive investment. Otherwise, there would
not Dbe sufficient funds released in that year to pay benefits. Such
additional maturities were assumed to Dbe on a last-in, first-out
basis.



(g) The Fund at the end of any year was taken as the sum of the

outstanding investments.

14. Entry-Age Normal Actuarial Cost and Related Unfunded Actuarial Liability

{also discussed in Appendix C)

(a)

(b)

Entry-Age Normal Actuarial Cost (current service contribution rate)

This was determined by estimating contributory earnings and benefits
and expenses 1in respect of the quinary age—-group cohort centered
around age 18 on December 31, 1982, and determining by an iteration
process, and using our usual fund accumulation methods, the
contribution rate that would be exactly sufficient to accumulate a nil
fund in respect of that cohort at the expiration of all contributions
and expenditures in respect of that cohort. The entry—-age normal
actuarial cost was taken to be the contribution rate so determined.

Unfunded Actuarial Liability

An amount A, hypothetically invested in 1983, was determined by an
iteration process such that together with (i) the fund at December 31,
1982, (ii) future (post-1982) contributions at the entry-age normal
actuarial cost rate collected in respect of the population aged 18 and
over on December 31, 1982 and (iii) investment earnings, it would be
just sufficient to pay all future benefits and administrative expenses
in respect of those aged 18 and over on December 31, 1982. The
unfunded actuarial 1liability at December 31, 1982 was taken as the
amount A discounted for one-half year’s interest.
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Appendix C

ESTIMATES OF CONTRIBUTION RATES BASED ON "ACTUARIAL FUNDING" AND
DEVELOPMENT OF RELATED "UNFUNDED ACTUARIAL LIABILITY"*

Application of the principles of "actuarial funding” (which are the
cornerstone of security for private pension plans) is usually considered
inappropriate in the field of social insurance for a nhumber of reasons:

A. It does not seem possible to provide greater security of benefits through
funding 1in the usual sense, because a country cannot divest itself of its
pension obligations, unless it were to export the required capital and such
export did not itself constitute a reduction in security.

B. The actuarial funding of national pensions would tend to concentrate over-
whelming control of capital in the hands of governments or thelr agencies.

C. It does not seem possible to determine (outside of a controlled economy) to
what extent actuarial funding would result in higher total savings and
greater intergenerational equity than would otherwise exist.

D. Although it may be possible and desirable to complement the benefit load
(reflecting the entire non—-productive population) with a varying level of
investment designed to enhance future productivity, there appears to be no
way to level out the impact of benefit payments on the economy.

E. Since social insurance benefits are normally payable in a wmanner
approximating maintenance of real benefit levels, accumulated funds would
need to be maintained in real terms; this would necessitate issuance of a
huge volume of indexed bonds or similar securities.

Notwithstanding the above, it is interesting and informative to calculate the.
level of the contribution rate that might be considered appropriate, if the
benefits provided by the Canada Pension Plan were to be funded by means of a
normal pension trust. Moreover, the Auditor General of Canada suggegsted in
1977 that information based on principles of "actuarial funding” be made
public, and accordingly such information was included with Statutory Actuarial
Report No.6.

The rates of contribution quoted in this appendix were developed by the entry-
age normal actuarial cost method, which aime at a 1level percentage of
contributory earnings to be contributed during the active lifetime of a normal
cohort of entrants, sgufficient +to support all benefits payable to them and
their beneficiaries.

For several reasons contribution rates according to the entry-age normal
actuarial cost method exhibit characteristics quite different from those of
the pay—-as-you—-go rates presented in the body of this report (see Table 3 and
"Fund B” rates), as indicated in the following table:.

* For additional details on methodology and assumptions
see preceding page
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Parameter changed Effect on CPP Contribution Rate
Pay-as-you-go Entry-age normal
(1) Real rate of varies inversely may vary directly or in—
increase in versely depending on net
earnings effect of change in real

interest rate, change in
effective deferred period dis-
count (interest rate less rate
of earnings increases), and
level of inflation

(ii) Interest rate independent varies inversely, other
things being equal (see (i)
above )

(1ii) Pertility varies inversely negligible (affects only

volume of children’'s benefits)

(iv) Immigration varies inversely varies directly

The concept of an entry-age normal actuarial cost (contribution rate)
engenders the concept of an unfunded actuarial l1liability arising out of the
lack of contributions prior to the inception of the plan, the collection of
contributions since the inception of the plan at a rate inferior to the entry-
age normal rate and several other less significant sources. ’

As described on page 64, the unfunded actuarial liability is calculated as the
amount which would theoretically be required to be invested in the year
following the valuation date and is therefore extremely sensitive to the rate
of interest assumed applicable for that year. For example, if there is a drop
in interest rates, all other things being equal, the unfunded liability would
appear to have increased very substantially in the following year, wmerely
because the amount of the unfunded liability was not invested during a year of
high interest rates. In order to avoid such somewhat artificial fluctuation,
it was decided (1ln contrast to Statutory Actuarial Report No. 6) to base the
calculations for purposes of this Appendix on the ultimate economic
assumptions only. The effect on the entry—-age normal actuarial cost is rather
small (e.g., 1if all the econowmic assumptions used for the Main Tables were
used, the ocontribution rate shown for basis A in the table below would be
7.55% instead of 7.79%) and the use of only ultimate assumptions for this
purpose could be rationalized in any event since an "ultimate” contribution
rate is desired. However, the effect on the unfunded actuarial liability is
very substantial (e.g. the use of all the economic assumptions used for the
Main Tables would produce an amount of $102 instead of $191 billion for basis
A).

The unfunded actuarial liability may be expected to grow substantially (i) by
the amount of interest not earned thereon and (ii) by the difference hetween
contributions at the hypothetical entry—-age normal actuarial cost rate and
contributions actually collected and by interest not earned on  this
difference. Thus, for example, the estimated unfunded actuarial liability of
$191 billion shown below on basis A as at December 31, 1982 may be expected to
increase to $208 billion by December 31, 1983, Strictly speaking, the
unfunded actuarial 1liability may be considered to be slightly understated,
because the entry-age normal actuarial cost assumed payable in the future by
the existing population aged 18 and over is somewhat overstated, since
mortality and female participation rates are designed for the cohort aged 16
to 20, at December 31, 1982.
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regults of our calculationg are as follows:

Entry Age 1982

Economic Asgumptiong*w Normal Unfunded
Increase in Increase in Interest on Actuarial Actuarial
Basis CPI_  _ Earnings _ New Bonds Cost - Liability
(%) (%) (%) (%)* (S billions)
A 3.5 5.0 6.5 7.79 191
B 4.0 5.0 6.5 8.22 198
C 3.5 5.0 6.0 9.13 210
D 3.5 5.5 6.5 8.65 193
E 3.0 5.0 6.5 7.40 186
F 6.0 8.0 8.5 10.03 208
It might be added that the liquidation of the unfunded actuarial liability is

unlikely to be advocated because as indicated above, such a course, would
enhance neither the security of benefit payments nor intergenerational equity.

Percent of contributory earnings.

The assumptions shown for A, B and C are the ultimate assumptions used for
Tables 1, 10, and 6, respectively. The assumptions in D are the ultimate
assumptions of Statutory Actuarial Report No. 6, those in E are the
ultimate assumptions used for purposeg of the Federal Task Force on
Retirement Income Policy (1979) and the 1982 Green Paper "Better Pensions
for Canadians™ and those in F were adopted by the Business Committee on
Pension Policy in its 1983 Cost Study of Pension Reform Proposals. All
other relevant assumptions are those used for purposes of the Main Tables
and degicribed in Appendix B.





