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Abstract:

Evaluations of public pension programs may include calculations for the internal rates of return those programs provide. For example, rate of return calculations are a standard component of the legislatively mandated, statutory actuarial reports for the Canada Pension Plan. These cohort-specific rates help to demonstrate the value of the Plan for past, present, and future cohorts of Plan participants. The DYNACAN longitudinal microsimulation model already permits the generation of rates of return that lie close to the values published by the Chief Actuary, and further enables the calculation of gender-specific rates. This paper extends earlier DYNACAN rate of return calculations to sub-populations other than gender. It presents and interprets cohort-specific rates of return for several sub-populations of policy interest, including ever-married persons, early retirees, and disability beneficiaries. The paper describes the use of the DYNACAN model to generate the underlying demographic, earnings, contribution, and benefit histories, and notes some of the practical issues associated with deriving the internal rates of return. 
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Executive Summary:
Calculations of internal rates of return are valuable for evaluating transfer programs as well as commercial projects. Canada’s Office of the Chief Actuary regularly uses them in the statuary actuarial reports that assess the operation of the Canada Pension Plan (CPP). Those reports cite the Plan’s positive rates of return as evidence that the CPP provides its participants with good value. The CPP’s effectiveness in this respect is important because that program’s benefits provide a major source of Canadian seniors’ incomes, ranking behind only (1) the collective returns to private investments (interest, dividends, and capital gains), and (2) private (employer) pensions. 
The DYNACAN longitudinal dynamic microsimulation model generates, for birth-year cohorts, series of CPP contributions and benefits that imply internal rates of return. Morrison (2004) shows that DYNACAN’s rates lie close to those calculated using the Chief Actuary’s ACTUCAN model, despite the very different approaches that the two models employ. (See Morrison, 2000, for a summary description of the DYNACAN model.) Moreover, the flexibility associated with longitudinal microsimulation modeling and its micro-level data permits one to use DYNACAN to calculate rates of return differentiated by gender. Real inflation-adjusted internal rates of return for women are about 2% higher than the rates for men, but the real return rates are positive for both men and women. 
This paper extends the calculation of internal rates of return to sub-populations other than gender. The relevance is that, given the CPP’s goals, cohort-specific rates of return for particular sub-populations should be, or can be expected to be, higher or lower than the corresponding value for the full population cohort. Thus, for example, we expect to find that rates are higher for ever-married persons, in part because they are the only ones who can receive survivor benefits. Given the intended insurance component of the Canada Pension Plan, the rates should be, and are, higher for persons receiving disability benefits than for the general population. As well, to the extent that actuarial adjustments for early retirement are fair, one should expect that rates of return for those retiring early should be similar to, and not higher than, those for persons not taking up benefits until the CPP’s normal retirement age of 65. This paper displays comparisons of real internal rates of return for these sub-populations and several others.
Organization of This Paper:

The general organization of this note is straightforward:

· The initial sections provide greater context for the use of rates of return in assessing government programs, specifically including the use of such rates in actuarial reports on the CPP. 
· They outline the calculation of internal rates of return using data from the DYNACAN model. Moreover, they document the consistency of the DYNACAN-generated rates of return with those reported by the Office of the Chief Actuary. In addition, they update a previous DYNACAN analysis that derived gender-specific rates of return. 

· Subsequent sections extend the calculations of sub-population-specific rates to groups of special policy interest, including lifetime earnings levels, marital status, divorce status, child-rearing, immigration, early retirement, and disability. The discussion relates the calculated rate of return differentials to the design goals of the CPP generally, and to particular provisions within the CPP.
· A short concluding section addresses the utility of sub-population rates of return as an adjunct to DYNACAN’s extensive set of standard output tables and graphs, and as a useful tool for model validation.

Context: Relevance of Rate of Return Measures

The legislation underlying the Canada Pension Plan requires the preparation of regular actuarial reports that assess the status and sustainability of the program. The Office of the Chief Actuary, operating as an independent party within the Office of the Superintendent of Financial Institutions, prepares those reports with the assistance of an actuarial valuation model, ACTUCAN. One recurring component of those CPP actuarial reports has been the inclusion of internal rates of return as a measure of the value that members of a cohort receive from the CPP. The actuarial reports show the internal rates of return for several birth-year cohorts as a means of demonstrating how the evolution and maturation of the CPP affect cohorts differently, providing different cohorts with differing internal rates of return. As the most recently published statutory actuarial report, published in November 2004, and addressing the CPP as at December 31, 2003, notes –
“The higher internal rates of return of the earlier cohorts mean that they are expected to receive better value from the CPP than those who follow. The differences provide an indication of the degree of intergenerational transfer inherent in the Plan. However, the fact that all of the rates in the table are greater than zero shows that each cohort is expected to realize a positive return from its investment in the CPP.” (21st Actuarial Report, 2004, page 121)

It is relevant for DYNACAN’s credibility that its internal rates of return values, derived using DYNACAN’s very different modeling approach, prove similar to those derived using ACTUCAN. Moreover, a confirmation of the positive rates of return that appear in the actuarial reports provides collaborative evidence of the value of the Canada Pension Plan to its participants, and of the sustainability of that value for recent and future birth-year cohorts. As well, the power of longitudinal dynamic modeling permits the analysis of policy-relevant sub-populations that enable one to assess the extent to which the Canada Pension Plan is meeting its multiple design goals.
Definition of Internal Rate of Return

Since one component of this note addresses the consistency of the DYNACAN rate of return results with those in the actuarial reports on the Canada Pension Plan, it is useful to begin with the Chief Actuary’s characterization of an internal rate of return. As the Chief Actuary describes them in the most recent statutory actuarial report --  
“The internal rate of return is, with respect to a group of CPP participants born in a given year (i.e. a cohort), the unique interest rate resulting in the equality of:

· the present value of past and future contributions paid or expected to be paid by and in respect of that cohort, and

· the present value of past and future benefits earned or expected to be earned by that cohort.” [21st Actuarial Report, 2004, p. 120]
Informally, one may characterize a cohort’s internal rate of return using the analogy of a bank account for which there is a fixed rate of interest for all positive or negative balances. Into this account, the members of a cohort, and their employers, pay all their prescribed CPP contributions. From it, they fund all of their benefits in the amounts prescribed by the CPP legislation and regulations. Upon the death of the last member of the cohort, one derives the internal rate of return as that level of interest rate such that the very last withdrawal exactly empties the bank account. That derived interest rate is the internal rate of return for the cohort.
There are several considerations relevant to using a policy model’s internal rates of return to assess the operation of a social security program. Major issues include the following: 
· One must necessarily base the calculated rates of return on projections as well as historical data, no participating cohort having yet had all its members die. Thus, as with all other outputs from longitudinal microsimulation models, the rates of return depend explicitly on one’s assumptions about the life and earnings histories of cohorts, often including groups of persons not born yet. 

· One can calculate the internal rates of return not only for cohorts, but also for significant sub-populations within those cohorts. The sub-population internal rates of return reflect the series of contributions and benefits for just those individuals belonging to the specified sub-population. These sub-populations may, depending on their defining characteristics, be subject to particular CPP provisions designed to give effect to various policy objectives.
· Following the lead of the Office of the Chief Actuary, the DYNACAN team calculates internal rates of return on both nominal and real bases to reflect cohorts’ differing experiences of inflation. However, for economy of presentation, after demonstrating that the overall nominal and real cohort rates of return are generally consistent with the ones that the Chief Actuary derives, this note concentrates on the presentation of real rates of return for sub-populations of interest.
· The rates of return included in this paper are pre-tax rates. That is, the rates depend on the gross contributions made by contributors, and the gross benefits received by beneficiaries. They do not reflect the impact on participants’ purchasing power from the treatment of contributions and benefits by the positive tax system or various income-tested benefit programs.
Basis for Calculating Internal Rates of Return in DYNACAN
The mechanics of calculating internal rates of return are relatively straightforward. The DYNACAN model generates annual data for each synthetic individual. Besides demographic information on marital, disability, and retirement status, the simulation generates work and earnings, and the resulting CPP contributions and benefits. The demographic life histories allow us to identify the individuals falling into various populations of special policy interest, e.g., the ever-divorced. Using the CPP contributions and benefits outputs we assemble, for any relevant cohort, or sub-population of the cohort, the appropriate time-subscripted contributions paid, and benefits received. The DYNACAN team has assembled this data from DYNACAN’s standard outputs using a small number of programs written in C and Perl. Collectively, the CPP contributions and benefits provide the time series of net benefits (benefits received less contributions made) that are the basis for the internal rate of return calculations. For the nominal rate of return calculations, one uses the unadjusted current dollar benefits and contributions. For the real rate of return calculations, one converts the net contributions to constant dollar values, using the consumer price index, as one assigns the various contributions and benefits to the appropriate elements of the series of net benefits.
The calculated rates of return inevitably depend on DYNACAN’s success in modeling the intricacies of contributions and benefits. This is a non-trivial challenge given that the complexity of the Canada Pension Plan is second only to that of Canada’s income tax system. Also relevant is a variety of assumptions, largely the same externally reviewed assumptions that the Chief Actuary uses, e.g., for inflation, earnings growth, convergence of men’s and women’s earnings, trends in retirement ages, mortality improvements, and disability rates. Specifically, for the DYNACAN results we present here, we use the assumptions of the 18th statutory actuarial report. The reported actuarial results from the Office of the Superintendent of Financial Institutions (OSFI), however, are newer. Specifically the published OSFI results reported here are those of the 21st statutory actuarial report. The DYNACAN team is in the midst of converting DYNACAN to the assumptions of the 21st report. Fortunately, as shown below, the differences in the Chief Actuary’s published internal rates of return, for the two reports, are small.
As well, the series of net benefits depend on the attribution principles used to allocate the benefits. The DYNACAN calculations assign the survivors’ benefits and children’s benefits to the individuals receiving them, rather than to the individuals whose contributions generated those entitlements. We attribute the relatively small CPP death benefits to the contributor, given their taxability as part of the deceased contributor’s final tax return, and may help to pay his/her funeral expenses. Similarly, we attribute retirement and disability benefits to the recipient beneficiaries. Where divorces and separations result in a splitting of pensionable earnings, affecting subsequent benefit entitlements, we assign the contributions to the contributors who made them, and the resulting benefits to the individuals receiving them. These several attributions are consistent with treatments in the positive tax system.
We calculate the actual internal rates of return in Microsoft Excel using its IRR function. Since this function takes as an argument an initial guess for the internal rate of return, we use the actuarial report’s values for similar cohorts, or the previously derived internal rates of return for similar cohorts or sub-populations. Experimentation shows that the calculated internal rates of return are generally rather insensitive to these initial guesses.
Comparing DYNACAN and ACTUCAN Nominal Rates of Return

As noted above, ACTUCAN is the actuarial valuation model developed and maintained by the Office of the Chief Actuary in Canada’s Office of the Superintendent of Financial Institutions. ACTUCAN analyses provide the primary financial projections for the Canada Pension Plan, and for the periodic actuarial valuations mandated by the CPP’s enabling legislation. DYNACAN, in contrast, exists primarily to provide plausible distributions of the ACTUCAN aggregate values, and to generate realistic point-in-time and longitudinal distributions of winners and losers resulting from prospective program changes. A regular feature of the periodic statutory actuarial reports is an analysis of the internal rates of return for selected cohorts. Table 1 displays, for those selected cohorts appearing in the most recent actuarial report, the ACTUCAN and DYNACAN nominal rates of return, i.e., rates unadjusted for the effects of inflation. The assumptions for the two sets of values are slightly different, with the ACTUCAN results based on the 21st report, and the DYNACAN results based on the similar, but not identical, assumptions of the 18th report. The DYNACAN rates for a given cohort are generally slightly higher than the corresponding ACTUCAN rates.
	Table 1: 
ACTUCAN and DYNACAN Nominal CPP Rates of Return:
Selected Birth-Year Cohorts

	Birth-year
	ACTUCAN
	DYNACAN

	1930
	15.6
	15.0

	1940
	10.5
	10.5

	1950
	7.2
	8.0

	1960
	5.6
	6.5

	1970
	5.0
	5.7

	1980
	4.9
	5.3

	1990
	4.8
	5.2

	2000
	4.8
	5.2


The earlier birth-year cohorts have higher internal rates of return because of the way that Canada phased in the CPP upon its creation in 1966. The primary reason for the trend is that members of the earlier cohorts could receive full benefits without contributing across the whole of their working lives; only years from 1966 onward counted for CPP contributions and calculations of average earnings. Earlier cohorts also benefited from lower contribution rates on their pensionable earnings. For later cohorts, the contribution rates (fractions of pensionable earnings) rose, from the 1966 rate of 3.6% of contributory earnings to the present 9.95% level. (That 9.95% combined employer/employee contribution level continues through to the end of the simulation period in 2130.) In addition, later cohorts had to contribute on earnings from age 18 onward, rather than only from 1966 onward. As well, the real value of the earnings excluded from contributions declined.
Figure 1 shows these results graphically, including DYNACAN’s results for all of the cohorts rather than just the set included in the actuarial reports. As in the tabular presentation, the DYNACAN results generally track the ACTUCAN results, despite the models’ very different approaches to modeling CPP contributions and benefits. The DYNACAN internal rates of return are slightly higher, probably in part because the DYNACAN model is still in the process of updating its parameters to those of the 21st report associated with the ACTUCAN results. However, the key results are that both models exhibit the same general curve, with what seems to be an apparent asymptote for cohorts born after about 1980. For all of the cohorts, the DYNACAN rates lie within one percentage point of the corresponding published ACTUCAN rates, with the fit rather closer for the later cohorts.
[image: image1.emf]Figure 1: Nominal CPP Internal Rates of Return:
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Comparing Real Rates of Return

The Chief Actuary’s statutory actuarial reports also include real rates of return calculated using inflation-adjusted constant dollars. The goal of this adjustment is to remove, from the internal rates of return, that component of the nominal return that results strictly from changes in prices. This exclusion produces a measure that permits cleaner comparisons across cohorts by eliminating the impacts of cohorts’ different experiences with inflation. It is a simple matter to convert DYNACAN histories of contributions and benefits into constant dollar terms to provide the basis for a real rate of return calculation. Table 2 displays the ACTUCAN and DYNACAN real rates of return for the same set of birth-year cohorts that appears in Table 1.

	Table 2: 
ACTUCAN and DYNACAN Real CPP Rates of Return:
Selected Birth-Year Cohorts

	Birth-year
	ACTUCAN
	DYNACAN

	1930
	9.6
	9.4

	1940
	6.2
	6.3

	1950
	4.0
	4.5

	1960
	3.0
	3.5

	1970
	2.4
	2.7

	1980
	2.1
	2.3

	1990
	2.1
	2.2

	2000
	2.1
	2.1


Figure 2 shows the ACTUCAN real rates of return together with all of the DYNACAN-generated real rates of return for all of the cohorts rather than just those appearing in the statutory actuarial reports. Once again, the two models exhibit the same general pattern of results for internal rates of return. As with the nominal rate of return pattern, the real rates of return decline over time because the earlier cohorts not only have lower average contribution rates but also get full pensions without being liable for contributions over the full age-range 18 – 65. Again, the DYNACAN rates of return tend to be slightly higher than the ACTUCAN rates. Significantly, in terms of gross real benefits and contributions, the rates of return remain positive after one has adjusted for the impact of inflation.  
[image: image2.emf]Figure 2: Real CPP Internal Rates of Return:
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The fit for the real internal rates of return is closer than that for the nominal rates, suggesting that differences between the two approaches in their inflation parameters may underlie some of the differences in nominal rates of return. None of the DYNACAN/ ACTUCAN differences exceeds one-half of one percentage point. Again, the graph of the real rates of return underscores the finding that all birth-year cohorts beyond about 1980 should experience roughly the same internal rate of return, slightly in excess of two percent. 
Breakout of Rates of Return by Gender

Human Resources and Social Development Canada is the federal government department that administers the CPP. The Department’s established policy on gender analysis requires managers and analysts to provide breakouts by gender as a matter of course. For example, the implementation section of the Gender Analysis Policy calls for --
· “Collecting and considering data disaggregated by both sex and other demographic/diversity factors,”

· “Making data and analysis on gender issues widely available,” and
· “Factoring gender into all background analyses.”

Accordingly, it is appropriate here to include the gender break out for these internal rates of return, even though the Chief Actuary does not provide a comparable break out. Fortunately, the design of the DYNACAN model makes this decomposition relatively easy. The DYNACAN output files identify the gender associated with all contributions and benefits. This inclusion allows one to compile the requisite net flows (benefits less contributions) by birth year and calendar year, doing so separately for men and women. The calculations of internal rates of return then parallel those for birth-year cohorts without gender breakouts. Indeed, this paper calculated the DYNACAN overall rate of return values by summing together the gender-specific series of flows. Having already established the general consistency of DYNACAN’s real rates of return with those in ACTUCAN, for reasons of space, we restrict this paper’s subsequent analyses to real rates of return. Figure 3 displays the overall rates of return from Figure 2, supplemented by the various cohorts’ gender-specific internal rates of return.
[image: image3.emf]Figure 3: Real CPP Internal Rates of Return:
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Not surprisingly, the rate patterns for men and women show the same downward tendency, reaching, for both, an asymptote for cohorts born after about 1980. The men’s rates and women’s rates naturally bracket the overall DYNACAN and ACTUCAN rates. 
The women’s internal rates of return, by cohort, are consistently higher than the corresponding rates for men. We expect these higher women’s rates because –

1. Women have a longer life expectancy; thus, with any given contribution history and retirement age, they tend to receive retirement benefits for more years than their male counterparts, raising the associated rate of return.

2. Women are, disproportionately, the beneficiaries of a CPP provision that allows contributors to drop, from the calculation of the average earnings that determine their pensions, years in which they were raising a child below the age of seven, provided that such a drop-out would improve their benefits. This Child-Rearing Drop-Out (CRDO) provision is the subject of a sub-population analysis appearing later in this paper.
3. Women disproportionately benefit from the mandatory divisions of earnings that occur upon marriage breakdown. Broadly speaking, these divisions generally pool husbands’ and wives’ earnings for each year during the period of the marriage, and then assign one-half of that sum to each of the partners. 
4. Women, with their longer average life spans, receive the bulk of survivors’ benefits triggered by the death of a contributor spouse, an advantage (as regards the rates of return) that is compounded by the tendency for women to be younger than their spouses.

5. Women, with their lower labour force participation and lower average earnings, also benefit disproportionately from a number of CPP provisions designed to advantage persons with lower earnings. These include the general drop-out provisions for the calculation of average lifetime earnings, and the year’s basic exemption that excludes certain earnings for purposes of contributions, but includes those same earnings for purposes of benefit calculations. As men’s and women’s earnings parameters continue to converge, this difference will diminish.
However, despite the higher rates for women, the pre-tax real internal rates of return remain positive for both men and women, across all birth-year cohorts.
Introduction to Sub-population Rates of Return
Just as one can look at the subset of a cohort that corresponds to one gender, examining whether internal rates of return reflect policy objectives, one can also break cohorts out by other policy-relevant characteristics. That is, instead of just dividing a cohort out by gender, we can also divide a cohort by, say, whether individuals take up retirement benefits prior to reaching age 65, or whether they have benefited from the Child Rearing Drop-out provision. Such analyses help give effect to the department’s gender analysis policy as regards the provision for providing comparable analyses in respect of “other demographic/diversity factors.”
In this paper, we examine seven groups of particular policy interest. They include – persons with low lifetime earnings, ever-married persons, ever-divorced persons, persons receiving some benefit from the Child-Rearing Drop-out (CRDO), immigrants, persons taking up retirement benefits prior to the “normal” retirement age of 65, and persons receiving a CPP Disability benefit. Other sub-populations might also be of interest, e.g., ever-a-parent, or high-education, or the complements of the seven groups that we examine here. Still more focused sub-populations, such as “ever-married persons taking early retirement,” might also be of interest, but such analyses may encounter sample size issues given that the department’s gender analysis policy requires breakouts by gender when sample sizes permit.
The computational methods for the groups of special policy interest parallel those for gender-specific internal rates of return. We still break out the analyses by gender where sample size considerations permit. The analyses still reflect cohorts with common or similar birth-years, except that, out of concern for sample sizes, we combine the contribution and benefit flows for persons born in groups of five consecutive birth-years. The groupings extend from the set of birth-years 1930-1934, through the set 2005-2009. For the graphics, we label each grouping with the central birth-year, e.g., 1932 for the grouping with birth-years in the range 1930-1934, and 2007 for the set 2005-2009. This level of aggregation is not strictly necessary for all of the sub-populations we examine, but we apply it to all of them in the interests of consistency and comparisons across subgroups.
This paper uses a common format across the seven sections dealing with the seven sub-populations. Each section begins with a brief discussion of the sub-population and its CPP policy significance, and of the relevant provisions in the Canada Pension Plan. It continues with a graphic showing the real rates of return, by five-year birth cohort grouping, separately for men and women, with the overall rates (as shown above) for all men and all women included for comparison purposes. A final portion of the discussion then briefly interprets those results in the context of CPP program objectives.
Low Lifetime Earnings

The Canada Pension Plan contains provisions that tend to advantage persons with low lifetime earnings. The major items include the following:
· CPP contributions are based on earnings less a level of excluded earnings (Year’s Basic Exemption), while average earnings, largely proportional to retirement benefits, are based on earnings before that exemption. This means that lower earning individuals pay a lower effective/average contribution rate on the earnings that determine their pensions.

· Persons with lower-lifetime earnings tend to have greater year over year variability in participation and earnings levels. They thus tend to benefit more from the dropouts (exclusions of certain years) used in the calculation of the average earnings that determine major components of CPP benefits.

· Disability rates are higher for persons with lower earnings, so that these persons are more likely to receive disability benefits, and to benefit from a dropout of disability years in the calculation of the average earnings values used in benefit calculations. Further, disability pensions are relatively high, compared to retirement pensions, and persons receiving disability benefits do not pay contributions on any earnings earned during their period of disability.

Set against these provisions, persons with lower lifetime earnings also tend to die sooner, so that they do not, on average, receive retirement and survivor benefits for as many years. It is of considerable interest whether the plan provisions in favour of low earning individuals outweigh the higher mortality as regards internal rates of return on net benefits received.
We identified low lifetime earnings individuals based on their lifetime totals of CPI-adjusted constant-dollar earnings, specifically, from age 18 through age 64. For each combination of gender and birth-year cohort, we calculated an approximation for the median of the distribution of such lifetime earnings totals. For purposes of this analysis, we identified low lifetime earnings individuals as all those persons whose lifetime earnings fell below that approximate median for the gender and birth-year combination. With the low lifetime earnings individuals thus identified, we constructed time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific, groupings. The number of individuals in the smallest such grouping exceeded 2,350. (Each such individual represents about 100 Canadians.) For three-quarters of the groupings, the number of individuals used for the internal rate of return calculation was greater than 5,500. Figure 4 displays, separately by gender, the real internal rates of return for low lifetime earnings individuals, as well as the comparison levels for all individuals.
[image: image4.emf]Figure 4: Real CPP Internal Rates of Return:
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The rates of return show that the impacts of the Plan provisions favouring lower earnings individuals more than overcome the longer than average life-spans of higher earnings individuals. For each cohort grouping, and for both men and women, the internal rate of return for the lower earning individuals non-trivially exceeds the corresponding rate for all CPP participants. The differentials are greater for women than for men, and tend to decline for later cohorts. From a policy perspective, the results are reassuring in that, by this measure of the Plan’s value to its participants, lower earners are not collectively subsidizing those with higher earnings, but quite the reverse.
Ever-Married

The Canada Pension Plan’s contribution rules do not depend on marital status. However, its benefit calculations do contain provisions that tend to benefit married persons, both men and women. For example, there is a Child-Rearing Drop-Out (CRDO) provision that allows parents (who are, disproportionately, ever-married persons) to drop, from the calculation of the average earnings that determine their benefits, years spent raising a child under the age of seven, should such a drop-out be advantageous. As well, the Canada Pension Plan provides for the payment of a survivor’s pension to most surviving spouses, or common-law partners, of deceased CPP contributors. (The primary exception is for younger surviving spouses with no children.) These survivors’ benefits flow, inevitably, only to ever-married persons. In terms of aggregate CPP benefits paid, these survivors’ benefits run a close third, by benefit type, to retirement benefits and disability benefits. This closeness occurs despite Plan provisions that give these spouses a smaller survivor’s pension than was received, or would have been received, by the deceased spouse, and despite the Plan’s “combined benefits” rules that reduce survivors’ benefits when the sum of the survivor’s own benefits and the survivors’ benefits exceeds prescribed maxima. Because of differing mortality rates by gender, and women’s resulting longer expected lives, and the tendency of men to marry younger women, these survivors’ pensions flow disproportionately to women. The relevant policy issue is whether and how much these several Plan provisions tend to advantage married Canadians.
Because DYNACAN simulates marriage as one of its demographic events, we were able easily to identify individuals who had ever been married. Both the Canada Pension Plan, and DYNACAN, treat common-law unions as marriages. Those persons who had been married at any time during their lives were admitted to this sub-population; those who had not, were not. As with the low-earnings sub-population, we constructed time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific, groupings. The number of individuals in the smallest such grouping exceeded 4,000. For more than three-quarters of the groupings, the number of individuals used for the internal rate of return calculation was greater than 7,000. Figure 5 displays, separately by gender, the real internal rates of return for ever-married individuals, as well as the comparison levels for all individuals.

[image: image5.emf]Figure 5: Real CPP Internal Rates of Return:
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For women, the rates of return for the ever-married were, for all of the cohort groupings, slightly higher than for women as a whole. As anticipated, the differences declined across cohorts. This occurs because women in more recent cohorts have fewer children and earn progressively higher own-retirement pensions that limit their ability to benefit from survivor pensions. For married men, who disproportionately die before their spouses, and who tend not to reduce their labour force participation to raise children, the rates of return were essentially equal to those of the broader male population for all of the cohort groupings. From a program policy perspective, it is reassuring that the ever-married sub-population is not subsidizing the never-marrieds, and that any subsidy in the other direction is small, and restricted primarily to women.
Ever-Divorced/Separated

The Canada Pension Plan provides, upon marriage breakdown, for a division of the pension credits earned during the period of the marriage, or the period of a common-law union beyond a certain minimum duration. The underlying context is that marriage is a partnership, and that both partners have contributed to the earnings and pension credits that accrue during the period of that partnership. Subject to a number of relatively minor exceptions, the provision sums the partners’ pensionable earnings for each year of the marriage, and assigns half of the year’s sum to each partner. Disproportionately, but progressively less for more recent cohorts, the divisions tend to transfer credits from men to women. The relevant policy issue is how much this provision affects the internal rates of return for men and women.

Because DYNACAN necessarily simulates divorce/separation as one of its demographic events, we were able easily to identify individuals who had ever been divorced. We included in this sub-population those individuals who had been divorced or separated, and excluded those who had not. As with the other sub-populations, we constructed gender-specific time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific groupings. The number of individuals in the smallest such grouping exceeded 1,100. For three-quarters of the groupings, the number of individuals used for the internal rate of return calculation was greater than 4,000. Figure 6 displays, separately by gender, the real internal rates of return for ever-divorced individuals, as well as the corresponding levels for all individuals.
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The results are relatively clear. First, with the exception of a few early cohorts with smaller numbers of individuals, ever-divorced women have higher internal rates of return than do women generally. The situation reverses for men, as anticipated given the tendency for men to have higher levels of earnings, and thus the tendency for the divisions to advantage women. Second, the differences from the corresponding gender-specific rates for all participants are small. With more women working, with levels of earnings progressively closer to men’s earnings, and with many divorces occurring relatively early in marriages, the benefits of the divisions to women can be relatively small. The interpretation is also complicated by the behavioural lifestyle changes that often accompany divorces, e.g., greater labour-force participation. Overall, however, the impact of the divisions in raising divorced women’s internal rates of return reflect the consequences of an explicit policy intention to ensure that marriage partners share the credit for earnings and pension entitlements accrued during the period of their marriage or common-law relationship.
Child-Rearing Drop Out

As described briefly above, the CPP provides that parents can drop periods during which they were raising a child under the age of seven from the years used in the calculation of the average earnings values that affect their pensions. The provision is termed the child-rearing drop-out (CRDO). The intent is that parents not be unduly penalized in retirement for the decision to bear and raise children, and for the impacts of those children on their labour force participation. Certain restrictions apply, e.g., not reducing one’s earnings history below ten years, and only one parent being allowed to claim any given month of CRDO. On the other hand, parents can pick and choose the months they claim, allowing for using periods of work within a potential CRDO period to increase average earnings, and the resultant pensions. In practice, and as reflected in DYNACAN’s simulations, the child-rearing drop-outs nearly always fall to women.
The DYNACAN code allows us to identify each individual who claimed at least one month of CRDO. We included in this sub-population those individuals who had claimed at least one month of CRDO, and excluded those who had not. As with the other sub-populations, we constructed time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific, groupings. Counts of the relevant cases showed that, even with the five-year roll-ups, nearly all of the pools for men fell below 500 individuals. Consequently, in contrast to the other sub-population analyses in this paper, we have excluded men from this presentation on the grounds of sample-size considerations. In contrast, all but the first grouping of women had more than a thousand entries, so we have retained them. (For consistency of presentation, we elected not to combine the men’s and women’s groupings for an “all CRDO users” analysis. Figure 7 displays, for women only, the real internal rates of return for women using some CRDO, as well as the corresponding rates of return for all women participating in the CPP.
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The results are clear. The presence of the CRDO does benefit women, though the increment in internal rate of return is small, and decreases for successive cohort groupings. Given established tendencies for mothers, even of young children, to participate in the labour force, and to return to it shortly after the birth of a child, and for women to have smaller numbers of children than formerly, these results are not surprising. With relatively few months being dropped out, the opportunities to significantly increase average incomes, and thus pensions, are severely limited. The increasing prevalence of corporate policies that provide for paid maternity leave further restrict the potential impact of the CRDO provision, because women will have significant earnings during those periods, and will generally not wish to drop them out. In short, the effect of the CRDO provision, at least in terms of internal rates of return, lies in the intended direction, but the level is small.

Immigrants

Immigration is an extremely important component of Canadian demographics, having accounted for all or nearly all of Canadian population growth for some time. The Canada Pension Plan itself is “immigration-blind.” It contains no provisions specifically affecting immigrants as such. That is, immigrants are subject to exactly the same rules for contributions, and for benefit calculations, as all other CPP participants. An underlying principle is that immigrants will fund part of their retirements with entitlements built up abroad, before immigrating to Canada, and part through their participation in Canadian programs such as the CPP after their arrival. Thus, one wants to examine immigrants’ participation in the CPP to ensure that there is neutrality in their treatment. That is, one would not want to have the internal rates of return for immigrants either significantly higher or significantly lower than those for life-long Canadians generally. 
Because DYNACAN simulates immigration as one of its demographic events, we were able easily to identify individuals who had ever immigrated. We included in this sub-population those individuals who had immigrated to Canada, and excluded those who had not. As with the other sub-populations, we constructed gender-specific time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific, groupings. Given the importance of immigration to Canadian demographics, there were no problems with sample sizes. The number of individuals in the smallest grouping exceeded 1,200. For more than half of the groupings, the number of individuals used for the internal rate of return calculation was greater than 5,000. Figure 8 displays, separately by gender, the real internal rates of return for immigrants, as well as the corresponding levels for all individuals.
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The results are again clear. The internal rates of return for immigrants, male and female, lie very close to those of the rates for all CPP participants. Immigrants are neither subsidizing, nor being subsidized by, other Canadians to any appreciable extent. The results as displayed here show the immigrants with internal rates of return that are perhaps marginally smaller than those for all CPP participants. However, this result is perhaps a slight understatement of their outcomes. The DYNACAN model’s labour force module does not consider immigration status. However, labour force statistics indicate that immigrants tend to have, perhaps because of initial acculturation challenges, somewhat lower labour force participation rates and earnings than one might otherwise expect. As their residence in Canada increases, their labour force participation and earnings levels approach those of Canadian-born individuals with similar other characteristics. Thus, DYNACAN’s histories for immigrants should probably share a bit more of the characteristics of lower-income Canadians. As seen above, this would likely result in slightly higher calculated internal rates of return. Overall, however, it appears likely that, as is desirable, the CPP is essentially neutral to immigrants in its impacts as measured by rates of return, just as it is neutral in its rules for CPP contributions and benefits.
Early Retirees

The Canada Pension Plan permits contributors to begin drawing retirement benefits prior to the “normal” retirement age of 65. Roughly two-thirds take advantage of this early-retirement provision, with about half of these taking up the benefits at the earliest permitted age of 60. Because beneficiaries will receive the pensions over a longer expected period, the CPP applies an actuarial adjustment to maintain fairness. Retirement benefits for early retirees (those retiring before age 65) are calculated using the standard benefit formula, but are then reduced by six percent for each year that the claimant recipient falls short of the normal retirement age of 65. Thus, an individual taking up the retirement benefit at age 60 would receive 70% of the benefit calculated using the standard formula. Such a reduction applies to the individual’s benefits for the rest of his/her life. As well, once an individual is receiving a CPP retirement benefit, even if s/he returns to work, no further CPP contributions are payable.
Because DYNACAN simulates the retirement take-up decision as one of its demographic events, we were able easily to identify individuals who took early retirement. We included in this sub-population those individuals who had received any CPP retirement benefit prior to age 65, and excluded those who had not. As with the other sub-populations, we constructed gender-specific time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific, groupings. Given the tendency of many Canadians to take early CPP retirement, there were no problems with sample sizes. The number of individuals in the smallest grouping exceeded 1,600. For more than two-thirds of the groupings, the number of individuals used for the internal rate of return calculation was greater than 4,000. Figure 9 displays, separately by gender, the real internal rates of return for early retirees, as well as the corresponding levels for all individuals.
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The results are clear. Early retirees, both men and women, for all of the cohorts examined, experience internal rates of return that fall slightly below the corresponding rates for all men or all women. The result is encouraging from a policy perspective. It would be counterproductive to be providing positive incentives for individuals to retire early. On the other hand, given that some early retirement is involuntary, it would be unreasonable for early retirees to be heavily subsidizing those retiring at age 65 or later. Finally, anticipating the results in the next section, we note that if disability beneficiaries (whom we generally deem to retire at age 65) were removed from the all-participants measures, then internal rates of return for the all-participants-less-disabled-participants would fall relative to the all-participants measures. That fall would lead to all-participants-less-disabled-participants measures  that are closer to those of early retirees, reinforcing, for the non-disabled, the sense that the actuarial adjustment is largely neutral, neither favouring nor penalizing early retirement.
Disabled

As part of its social insurance objectives, the CPP provides disability benefits to qualified contributors less than 65 who become disabled to the point that they cannot reasonably be expected to work. An important component of the qualification is that they have contributed to the CPP in at least four of the preceding six years. Disabilities typically commence relatively late in participants’ working careers, with disability emergences being strongly age related. CPP disability benefits, although they are not expected, by themselves, to raise recipients above established low-income cut-offs, are significant. Typically, they exceed the retirement pension a recipient could expect at age 65 with the same average earnings. Moreover, if a disability beneficiary does have some earnings, those earnings are not subject to CPP contributions. However, if disability beneficiaries recover before age 65, they cease to receive disability benefits and become liable for contributions on subsequent earnings. At age 65, CPP disability benefits cease, being converted to a lower level of CPP retirement benefits, reflecting the availability of other seniors’ benefits, e.g., those from Canada’s Old Age Security and Guaranteed Income Supplement programs. CPP disability beneficiaries have significantly higher mortality probabilities, ceteris paribus, than the general population.
Because DYNACAN simulates disability and recovery among its demographic events, along with the individuals’ work histories, we were able easily to identify individuals eligible for disability benefits. We included in this sub-population those individuals who had received any CPP disability benefit, and excluded those who had not. As with the other sub-populations, we constructed gender-specific time series of net constant dollar benefits by aggregating across all five of the consecutive birth-years in each of the thirty-two five-year, gender-specific groupings. The number of individuals in the smallest grouping was only about 450, but about two-thirds of the groupings contained in excess of 2,000 individuals. Figure 10 displays, separately by gender, the real internal rates of return for persons receiving any CPP disability benefits, as well as the corresponding levels for all individuals.
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Understandably, the internal rates of return for both men and women disability beneficiaries are substantially higher, 2 percent or more, than those for the general CPP population. The differences reflect the social insurance goals of the various CPP disability provisions. Those participants unfortunate enough to become disabled, as defined by the CPP’s rather stringent standards, receive disability benefits during what would be their normal working lives. They also receive retirement benefits based on average incomes that exclude their periods of disability. In addition, they do not pay the employee portion of CPP contributions on the earnings received while they are disabled. Together, these provisions ensure that the internal rates of return for those receiving CPP disability benefits are substantially higher than those for the general CPP population.
Summary/Conclusions

Procedurally, the use of longitudinal dynamic microsimulation models to calculate internal rates of return is straightforward. The models’ operation permits one to generate a longitudinal micro-level database of all of the participants’ contribution and benefit “transactions” with the program. Post-processing of that database then permits one to assemble the cohort-specific time series of net benefits (benefits less contributions) necessary for the rate of return calculations. Moreover, one can carry out the construction of these series for sub-populations of interest, and derive the internal rates of return specific to cohorts within those subpopulations.
Substantively, the calculation of internal rates of return can contribute to cross-model validation, e.g., the near-replication of cohort rates of return from another model, ACTUCAN, that is methodologically very different. The process of generating the rates of return can also contribute to other types of model validation. Intermediate results compiled in the generation of the return rates reported in this paper enabled the identification and correction of a few small errors in DYNACAN’s demographic modules. However, the substantive contributions of the exercise go further than this. This paper shows how the development of internal rates of return for sub-populations can help assess the effectiveness of key program provisions or provide insights into the program’s treatment of those sub-populations. Examples addressed in this paper included the effectiveness of the disability insurance component of the CPP’s social insurance objectives, and the largely neutral treatment of immigrants and early retirees relative to the broader population. 
Those results remain, of course, subject to the usual constraints of sample size, and of dependencies on one’s assumptions about the future, e.g., wage and salary growth. However, even so, the approach permits assessments that would not be possible under a purely theoretical assessment of individual program provisions. The internal rate of return approach automatically provides its results within the context of the broader program, including the effects of all of the other provisions, and permits the netting out of opposing tendencies, e.g., the program provisions that advantage lower-earning participants in terms of their pension levels, versus the shorter life expectancies of such participants.
Inevitably, to the extent that they are useful to policy makers, results such as these open the door to a variety of further analyses, and to a more formalized role in policy evaluation and development. A few examples, some of them already under development, will illustrate these possibilities. 

· Where one’s model contains the relevant variables, one can look at other sub-populations of policy interest. Examples include participants who are ever a parent, or ever a single-parent, or have higher educational attainment (and thus, statistically, rather different labour force participation patterns).
· Where the numbers of cases will support the analysis, one may wish to look at the internal rates of return for sub-sub-populations, e.g., low-earnings individuals who retire early because they lose their jobs and cannot find another. Related to this possibility is research providing a more rigorous basis for determining acceptable minimum numbers of cases for carrying out internal rate of return analyses.

· It may be appropriate to include rate of return analyses as a standard part of policy development. One would assess how a prospective policy change would affect cohorts’ anticipated internal rates of return. The focus would rest on the changes in rates of return in moving from the existing/base CPP to some new prospective version. One would carry out such analyses not only for cohorts as a whole, but broken out by gender and for sub-populations of special policy interest. 

· Finally, one would naturally want to assess internal rates of return on an after-tax basis rather than the gross/pre-tax basis applied in this paper. Canadian tax and benefit programs typically take CPP contributions and benefits into account in calculating taxes and benefits payable. Thus, it will make sense to calculate internal rates of return that are based, not on gross contributions and benefits, but on the CPP’s impacts on participants’ actual after-tax purchasing power. Thus, for example, one would scale down CPP contributions to reflect contribution credits available in the positive tax system and deductions available for various income-tested benefits. Similarly, one would likely scale down CPP benefits received, to reflect additional taxes payable and reductions in benefits that occur because CPP benefits form part of a benefit program’s income base. Consistent with the practice of microsimulation, the degree of such “scaling down” would reflect individuals’ particular circumstances rather than broad overall averages. The after-tax internal rates of return would then assess the value of the program from the perspective of the CPP participants themselves, rather than that of the CPP program. 
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