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1 [bookmark: _Toc332369681]
Introduction
The Canadian Institute of Actuaries recognized the need for an annuitant mortality table based on Canadian lives several years ago and began collecting data from a number of companies.  There is now enough data to create a credible table.
This paper is presented as a case study in the construction of a mortality table.  It is a pragmatic work.  I invite the readers to treat this as a travelogue which some may read to experience the journey vicariously and others to prepare for a similar journey of their own.
[bookmark: _Ref318374440][bookmark: _Toc332369682]Definitions

 represents the probability that a person, age x nearest birthday at the beginning of calendar year y, will die before reaching the end of the calendar year.  Note that both x and y are defined at the beginning of the one-year period.

 represents the improvement rate in mortality for persons aged x nearest birthday at the beginning of calendar year y-1 to those aged x at the beginning of calendar year y.  

Thus 
For fractional periods within a calendar year, I will assume that instantaneous rate of improvement is constant throughout the calendar year; thus, resulting in formulas such as.


In what follows, I rarely use the actuarial symbols, but I do refer to a mortality rate or improvement rate for a year.  The above definitions are to clarify what I intend.
2 [bookmark: _Toc332369683]Source of Data
The data underlying the table comes from the Individual Annuitant Mortality Study (IAMS) of the Canadian Institute of Actuaries.  The study is conducted by the Annuitant Mortality subcommittee (“the Committee”) of the CIA Research Committee.  This study has been gathering data on payout annuities from a number of Canadian companies since the early 1980’s.  Studies are published by the Canadian Institute of Actuaries and can be obtained at http://www.actuaries.ca.  Please note that data used is unpublished and has not been officially approved by the CIA Research Committee.
Most of the data was submitted on a policy year basis, but some of the more recent data is on a calendar year basis.  The two bases are used without distinction between them, except for the main graduation.  Data on either basis is often referred to as data for a particular year of experience.  The year of experience is the calendar year in which the study period ends.  Thus data for the policy year 2008-2009 or for the calendar year 2009 is referred to as data for the 2009 year of experience.
Seriatim data is available beginning with the 1989 year of experience and continuing to 2009.  I used the last 15 years of data in my work.  The period may be longer than desirable because the shape of the mortality curve can change over time, but a relatively long period is necessary to improve the credibility of the table.
All data is contributed on an annuitant basis.  That is, there is one record for each single life policy, two for each joint and last survivor policy, while both are alive, and one for each joint and last survivor policy after one life has died.  There is no attempt to combine records for an individual who may be an annuitant under more than one policy.
The record layout distinguishes the following features:
1. year of experience
2. gender of annuitant
3. whether a single life annuity, a joint with both alive, or the survivor of a joint annuity.  (Some companies could not distinguish a single life annuitant from survivor annuitant.)
4. RRSP, RPP or non-registered
5. with or without a refund provision or period certain, regardless of whether the provision or period has expired (Some companies could not distinguish this feature after it has expired.)
6. issue age (Most records use age nearest birthday, and records using age last birthday are converted to age nearest by splitting the exposure and deaths half to the calculated age, and half to the next higher age.)
7. duration from issue
In order to increase the amount of data used in constructing the table, I combined the fourth and fifth items above.  The choice to combine refund and non-refund was easy because there is little non-refund business.  Similarly there is too little RPP business captured to warrant showing it separately.  Combining RRSP and non-registered is not really desirable, but I thought it better to make one good table rather than two less credible ones.  However, it would seem reasonable to use a different percentage of the table when applying it to registered or non-registered business.  Table 1 shows the overall mortality ratios, to the 1983 IAM Basic table (“83Basic”) with projection to 1999 on scale AA.  (See 33 TSA 695.) It can be seen from Table 1 that mortality on non-registered products tends to be lower than for registered products and that RRSP mortality tends to be lower than RPP mortality.

[bookmark: Table1][image: ]
3 [bookmark: _Ref330835321][bookmark: _Toc332369684]Limitations in Data
The data can be considered quite accurate, particularly for single life annuitants.  Each year’s submission must pass a consistency check with the prior year’s submission.  The check matches by policy number, gender, and issue age.  Accordingly, the study’s death records can be considered as complete as those of the contributing companies.  Of course, some deaths are not reported until long after they occur.  Late reporting is most common for the secondary annuitant under joint policies.  A lag study on the data suggests that the amount of late reporting is not excessive.  Late death reports are correctly included in the proper year of experience.
Beginning with the 2006 year of experience, the Committee decided to report data by the year incurred with an adjustment for incurred but not reported deaths (“IBNR”).  The adjustment is distinct for each contributing company, but of course, it is an approximate adjustment.  The adjustments vary considerably in size, reflecting company practices and how soon after the end of the year of experience that the data is extracted.  In most cases, the adjustment is under 1% for single lives for data more than two years old.  The adjustments are much higher for joint lives; even at 5 years, the IBNR factors are around 5% for males and over 10% for females.
Because I believe that the single life data is more reliable and because there is less risk of inaccuracy due to the IBNR adjustment on single lives, the table is built on single life data only.
The characteristics of the data have been changing over the years.  Table 2 shows a few of those characteristics.  Note especially that the average annual income has been increasing, at more than 2% per year.  This is significant because mortality rates tend to decrease when the amount of income increases.  Also notice the increase in average age; this suggests that there are not enough new entrants to maintain a stationary population.  The steady decline in RRSP and single life annuities are also notable.
As pointed out earlier, each joint annuity is included in the total as two policies and as double the amount of income actually paid while both are alive.  Doing so is very convenient for the mortality study, but it can make some summaries misleading.
[bookmark: Table2][image: ]
Table 3 shows similar data but for the policies newly issued in each year of experience. (For examples, the policies issued in 2000 appear as first year policies in the year of experience 2001.)  The decrease in the proportion of RRSP business is very dramatic.  The increase in average issue age may also be related to the decline in RRSP.  
[bookmark: Table3][image: ]
Part of the variation by year noted in Table 2 and Table 3 is from changes in the companies that contributed data.  Not all companies contributed data for all years.  Each company has some unique characteristics in its data.  In the 2001 submissions for example, the average attained age varied from a low of 75.3 to a high of 78.8.  The proportion of data from RRSP policies varied from 45% to 84% (and one company could not distinguish the tax status).  The proportion of lives in single life policies varied from 38% to 66%.  The average income varied from $2,100 to $6,800.
One notable feature of the data is that there has been less observed improvement in mortality over the 21 years covered by the study than is found in Canadian population data, although in the last several years the two have come much closer together.  I suspect that the lack of improvement relates at least in part to the lack of homogeneity in the study over the 21 years.  The Committee's reports indicate that there has been a lot of thought on this issue, but there is still no satisfying explanation.  I think it is still reasonable to use the data for constructing a mortality table, but it may be unwise to rely too heavily on the data to extrapolate future rates of improvement.  Because of not using the first 6 years of data in constructing the mortality table produced in this paper, the difference in improvement rates between IAMS and the Canadian population is lessened somewhat.
I examined the data for outliers.  The only ones I found were outside the range of ages for the main graduation, and therefore, they had no impact on my work.
There are a small number of very large annuities in the data.  In order to avoid too large an impact from any one of them, I set a ceiling of $100,000 of annualized income for any one record.  All the summaries displayed in this paper are after applying that ceiling.
4 [bookmark: _Toc332369685]Method
The objective is to determine a base mortality table, applicable to some specified calendar year, and an improvement scale to adjust the base table for use in other years.  Although annuities are infrequently issued under age 65, it is traditional and reasonable to have the mortality table and improvement scale begin at age 0 and continue to some high age, which I have chosen to be 115.  Because mortality improvement has historically varied considerably by year as well as by age, I prefer a 2-dimensional improvement scale.  The scale will need to go back as far as the underlying annuitant data, that is, to 1995 in this case.  It needs to extend to some high year which can be taken as the ultimate; I have chosen 2027.  The task then is to construct a base table for ages 0 to 115 and an improvement scale for ages 0 to 115 applicable to years 1995 and later.
Since there are many years of data, there should be clues to both the base table and improvement scale within the data.  Reading the clues is not simple.
[bookmark: _Toc332369686]Comments on Graduation
All the work that I did with the data involves Whittaker-Henderson[footnoteRef:1] (“WH”) graduation.The method is computationally complex, but conceptually quite straightforward.  I have written a brief overview which is available at http://www.howardfamily.ca/~bob.  The “elevator version” of WH is this: WH optimizes the balance between closeness of fit of the graduated data to the raw data and smoothness of the graduated data.  Fit is measured by the sum of the squared difference between the graduated and raw data, usually weighted by another set of numbers such as exposure.  Smoothness is measured by the sum of the squared finite differences, of a specified order, in the graduated data. The standard expression to be optimized is given below. [1:  It used to be that it was sufficient to refer to the technique by name, and one could be assured that all actuaries would understand the approach in general even if they could not reproduce the work.  Graduation is no longer on the syllabus of the Society of Actuaries.  Many actuaries today are not familiar with graduation and may have never heard of the Whittaker-Henderson method.] 


Although most often applied to a vector of numbers, WH can easily be extended to a matrix by adding another smoothness term so that one smoothness term applies horizontally and the other vertically.  I use both one- and two-dimensional WH in constructing CIP2009.
One nice feature of WH is that when graduating mortality rates and using exposure for weights, the sum of deaths and the average age at death is the same for both the raw and graduated rates.  This ensures that the overall fit is appropriate.
One problem with WH, which all graduation methods share, is that it does less well at the ends.  For example, it requires 4 points to calculate a 3rd difference.  Therefore, if n is 3, the last 3 rates (at least) at both ends will be less well established that the other rates.  In the case of two-dimensional graduation, there is a similar concern about all the rates on the perimeter, especially those in the corners.  This problem is exacerbated when there is much less data at the ends (or perimeters) than in the middle; in constructing mortality tables there is almost always a shortage of data at the higher ages.
Traditionally WH is applied to mortality rates.  I have found that the results are commonly better and less subject to finding the “right” value of h when graduating A/E ratios.  However, there are two requirements for this modification.  First, the “expected” table must be a very smooth one.  It is not helpful to get smooth ratios to a table that is not itself acceptable in terms of smoothness.  Second, the weights should be expected claims rather than exposure to ensure that the sum of claims and the average age at death is invariant.
I have found it convenient always to multiply my weights by a scalar so that the sum of the weights is the number of items being graduated.  I refer to this as normalizing the weights.  By doing this, h remains in a similar range across a wide variety of graduations.  Thus if h is significantly under 100, the graduation will be emphasizing fidelity to the raw data, and if h is well over 1000, the graduation will be emphasizing smoothness.  Incidentally, as h approaches infinity, the graduated rates approach a least squares fit to a polynomial of degree n-1.
The task of graduation typically is reduced to choosing appropriate values for n and h; that is, what order of polynomial is targeted, and what balance between fit and smoothness is sought.
[bookmark: _Toc332369687]Failed Attempts
Combining years
The approach most obvious to me was to combine the data for all years and develop a base table from that data.  However, it is an odd feature of the data that the proportion of exposure by year varies considerably by age.  At the younger ages, there is much more data in the early years than in the later.  The opposite is true at the older ages.  Consequently a table developed from the data for all years cannot be said to apply to any particular policy year.  
After several unsuccessful attempts to adjust the rates by differing amounts to reflect the weighted average year of exposure, I abandoned this approach.  I was not able to remove a bias in the mortality rates which was as much as 3% of the mortality rate, varying by age.
Two-dimensional graduation
Another approach was to use WH graduation in two dimensions.  The rates for a particular year would provide the base table, and the variations by year would yield an improvement scale.  This method was better than the first, but it had other problems.  
The rates that I wanted for the base table lie on the perimeter of the graduated matrix.  I found those rates to be less reliable than I needed.  I concluded that this method is too prone to statistical fluctuation to give a good result.
Other attempts
I tried several others which are not worth describing here.  I mention the other attempts only to point out that there are many possibilities.  It is important to validate the method because the results may not be  good even though the method seems justified theoretically.
[bookmark: _Toc332369688]Approach Used
I eventually found good results by a method which on the surface may seem to be backwards.  Due to the volatility in the improvement in the raw data (as decribed above in connection with two-dimensional WH), I developed an improvement scale based on population data, and then adjusted the deaths by improvement factors to be appropriate for 2009.  I used the adjusted deaths to develop the base table.  The method requires 7 steps, which are described below.  
[bookmark: _Ref318711614]Improvement scale from Population data
Data used
I obtained exposures and central death rates for the Canadian population data from the Human Mortality Database (“HMD”) available at www.mortality.org.  I worked with ages 0-95 and years 1977-2007, and I converted central death rates to become the raw mortality rates for the graduation.  The rates over age 90 are suspect because of the inaccuracy of the census and HMD’s use of curve fitting techniques at higher ages.
Graduation
The first step in determining improvement rates is to calculate the mortality rate for each year 1977-2007 and each age 0-95.
The change in mortality rates between ages 0 and 1 is so steep that I decided to handle age 0 separately, with a 1-dimensional WH graduation.  I got the best results by using 3 sections: age 0 by itself, ages 1-50 and ages 50-95.  There is little practical value to rates below age 50 in an annuitant table, but I thought it best to develop a complete table.
I graduated the age 0 mortality rates with order 2 and smoothness 55, using exposure as the weights.  I divided these successively to obtain the improvement rates.  I used order 2 (a straight line is considered perfectly smooth) to limit the year-to-year variation, but I kept h low to allow significant movement in the mortality rate to show up.
For the ages 1-50, I first graduated a set of mortality rates averaged over all years.  The raw rates were the sum of the implied deaths divided by the exposure.  I used the normalized exposure as the weights.  The order of difference was 3 and the smoothness factor was 1000 to ensure a very smooth table to use as “expected”.
Then I obtained A/E ratios for each age and year on this intermediate table.  I graduated the ratios, using normalized expected deaths as the weights.  The order of differences was 3 both for ages and years.  The smoothness factor was 150 for ages and 400 for years.  
For ages 50-95, I started with a Gompertz table as the “expected”.  I used the Gompertz table which gave the best least squares fit, weighted by exposure, to the mortality rates over all 31 years and for ages 50-95.  I graduated the resulting raw A/E with the same order and smoothness as for the younger block of ages.  
The standard form of Gompertz Law of mortality (Jordan, p.22) is

I then pieced the sections together fitting cubics for each year.  The rates for ages 48-52 were obtained from the rates for ages 46, 47, 53 and 54.  Note that the cubic equation is determined by the four mortality rates; there is no weighting with exposures.
The above steps result in mortality rates for each year 1977-2007 and each ages 0-95.
Improvement factors
The improvement factors for 1978-2007 are obtained by successive division.  These factors can be taken as smoothed estimates of the actual improvement rates in recent history for the Canadian population.
Extrapolation into the future
I will need improvement factors for 2008 and 2009, but these are not available from the historical data published on HMD.  I therefore had to extrapolate.  
There is no clearly correct way to extrapolate improvement factors.  The past may be a good guide to the future, or it may merely indicate what once was and will not be again.  I chose to employ an average of the actual improvement rate as an estimate for the future, but getting there with a smooth progression.
For the improvement factors for 2027 (20 years after the available history) and later years, I used 75% of the average improvement factors from all years, 1978-2007.  The average is the unisex arithmetic mean of the individual improvement rates for each age, weighted by the exposure for each year and sex.  It makes sense to me to use a unisex average because in the long run it is unlikely that either gender can sustain a differential in mortality improvement.  For example, in the last 30 years improvement rates have been significantly higher for males, but for some time prior to that females were in the lead.  
The last 30 years were marked by unusually strong improvement, particularly for males, probably related mostly to the decrease in the prevalence of smoking and advances in the treatment of cardio-vascular illness.  It may be too conservative to assume that improvement will continue at those rates indefinitely.  I chose to use 75% of the 30-year average as the ultimate improvement rates.  I elaborate further on why I chose less than 100% in Section 6.1.For 2017 (10 years out), I used the sex-distinct average improvement rates over the 20 years 1988-2007.
For years 2018-2026, I used linear interpolation for each age between the averages that I selected for 2017 and 2027.
For years 2008-2016, I fitted a cubic based on 2006, 2007, 2017 and 2018 as previously calculated, for each age.
Improvement rates at high ages
For ages 100+, I used the improvement rates recommended in Howard (2011), a paper published in connection with the Living to 100 Symposium.  I then interpolated rates for ages 93-99 using the rates of ages 91, 92, 100 and 101 as previously obtained.  Note that the interpolation replaces rates for ages 93-95 from the earlier calculations.  This is not a serious concern since graduations are normally less precise around the boundaries of the graduation.
Reasons for the approach
The above sets out the details of the calculation.  It is reasonable to pause briefly to consider the reasons for this approach to developing an improvement scale, and in particular, a two-dimensional one.
Since the goal is an annuitant table, anything under age 60 is done primarily to complete the table; it has virtually no financial significance.  Accordingly my comments focus on the later ages.
The 2-dimensional graduations are done on A/E ratios.  I found from various testing that I get better results in two dimensions when graduating the ratios rather than the mortality rates directly.  The one proviso is that the “expected” table must be very smooth.  A reason that graduating ratios works better than graduating the rates is that the numbers will lie within a fairly narrow range, and any odd shape can be captured in the expected table.  WH handles polynomials best, although the variation proposed by Lowrie (1982) can work well with some exponentials.
The expected table for ages 50-95 is a Gompertz table.  That table is very smooth, and it has been shown over the years to fit the actual curve of a mortality table well at those ages.  The table does not need to fit equally well over the range of ages and years; the graduation process is able to handle the variations between the actual and expected.
The expected table for the lower age range is not Gompertz because the Gompertz formula does not seem to fit younger ages nearly as well.  Instead I used WH in one dimension with a high smoothing factor to ensure that the expected would be smoother than I need for the final table.
Stitching the sections together with cubic equations is a pragmatic consideration.  It preserves the smoothness of the tables while replacing the rates that might be most suspect from the graduation.  For ages 48-52, the rates are not of concern because of the very low financial significance.  For ages 93-99, the financial significance is much greater, but there are practical limitations.  The graduated rates at ages 93-95 are less reliable because the census is less reliable at those ages, because the amount of exposure is much smaller than for the rest of the ages graduated, and because there is a natural increase in volatility at the boundaries of the matrix being graduated.  The old ages rates for 95-99 may be less reliable because of needing to rely on more extrapolation for non-extinguished cohorts.  Thus the cubic equation could well result in better rates than would be available from either the graduation up to age 95 and the rates developed in Howard (2011).
Why use a 2-dimensional improvement scale?  To the best of my knowledge, all improvement scales were by attained age until the cohort scales developed a few years ago for Continuous Mortality Investigation (2002) in the UK.  I see a 2-dimensional scale as a clear advance in technique.  Looking at historical improvement rates shows very little indication of rates being static by age for any lengthy period of time.  We should expect that variation in improvement rates over time at each age will continue.  Recent improvement rates are historically high, especially for males.  It seems unreasonable to assume that mortality improvement will suddenly lessen, and neither can I justify continuing indefinitely at the current high level.  A scale which has a transition from the current high level to an average over relatively recent history seems sound.
Why not use the CLIFR scale, which has been promulgated by the Actuarial Standards Board?  Certainly the CLIFR scale may be proven by emerging experience to be a better choice than what I recommend.  However, the CLIFR scale has, in my opinion, some issues which have not received adequate public debate.  It is based on the average improvement rates of the years 1921-2005.  That is a very long period; it fails to recognize that mortality improvement comes largely from a number of non-recurring events.  The CLIFR table does not recognize the current high rates of improvement for males.  I believe that it is much more reasonable to assume that those rates will continue for a few years at least.
Finally I must comment on the cohort effect.  If the cohort effect is real, it might be best to extrapolate along the cohort.  The cohort effect is evident only for males; it may be present for females but at a much reduced level.  By using a cubic interpolation rather than linear the cohort effect is maintained to a very limited degree.  However, the most recent years of data suggest that the cohort effect may be dissipating, not by lessening of the improvement in the cohort, but by increased improvement outside the cohort.  We will have to wait a few more years to see what happens.
Population Improvement Rates
Chart 2 for males and Chart 3 for females show the resulting improvement rates for ages 60-100 and years 1978-2027 (1978 on the left and 2027 on the right).
[bookmark: Legend][image: ]The charts[footnoteRef:2] are colour-coded.  Black represents negative improvement (deterioration).  Otherwise the colours are essentially in spectral order, with red at the low end and blue at the high end.  See Chart 1 for the legend which applies to all improvement charts in this document.  “Band” shows the upper bound for each band of improvement rates, as a closed-open interval.   [2:  If you wish to obtain the actual values, load the corresponding workbook, copy the section desired, and paste the values where desired using “Paste Special / Values”.] 

Chart 2 for males shows a cohort effect for the lives born during the Great Depression.  They show (through to 2007) higher improvement than those born earlier or later, and they have done so also in several years not shown.  The chart hints at the possible dissipating of the cohort effect in recent years.  It is unknown how long the cohort effect will continue.  My extrapolation method does not allow the cohort effect to extend appreciably because the basic idea is that improvement will gradually change to 75% of the 30-year unisex average.  Thus the ultimate improvement rates vary only by attained age, and no cohort effect can be seen without variation by year as well.
Chart 3 for females shows no evidence of a cohort effect.  The variation by year is much less for females than for males.
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Improvement scale from IAMS data
Data used
The data comes from the Individual Annuitant Mortality Study of the CIA, described above.  I needed to make a number of choices on what subset of the data to use.
I kept male and female distinct throughout.  The observed rates and trends are so different for the two sexes that combining them would not be meaningful.  Using tables from combined data would leave an insurer subject to significant risk by changing mix of business.
I combined data by attained age.  Since the data is seriatim, I could use any length of select period.  The longer the select period, the less credibility the ultimate data will have.  In keeping with all US tables after the a-1949 (which used a 1-year select period), I have not used a select period.  The CIA mortality study suggests that there is an effect of selection which seems to run off over 3-5 years, although more recent data argues for a longer select period.  A company with an unusually recent block of business would experience lower mortality rates than my table would estimate.
As mentioned in Section 4, the table is based on single life data only.
Because most actuaries are concerned about the financial implications of their calculations, I used data by annualized income rather than by numbers of policies.  The IAMS reports have consistently shown the mortality rates by amount are significantly lower than by policies, and mortality rates tend to decrease with increasing amount of income.
Table 4 shows the sum of exposure, the raw mortality rate and the standard deviation[footnoteRef:3] in the mortality rate for the 15 years of data included in the table construction.  Ideally I would work with data for which the standard deviation is less than 5% of the raw mortality rate.  The available range is then 80-92 for males and 82-93 for females.  If I set the limit at 10% of the raw mortality rate, I would use ages 72-97 for males and 73-98 for females.  In the end I decided to work with ages 65-95 for both males and females.  It could be argued that I am stretching too far at the younger ages.  However, in a later step I will discard the rates for several of the youngest ages. [3:  Standard deviation is calculated assuming that mortality is binomially distributed on the indicated expected table.  The formula is documented in the periodic mortality reports of the Committee.] 

[bookmark: Table4][image: ]
I have data for years of experience 1989 to 2009, but I used only 1995-2009, inclusive.
Reference Table
After some testing I concluded that I would get better results by graduating the ratio of mortality rates to a smooth reference table.  I used a Gompertz table for this purpose.  (The 1983 IAM Basic table would have been a natural choice, but it is not very smooth, and its smoothness gets worse as it is projected.)  I calculated the Gompertz factors by a weighted least squares fit to the data for age 65-95, all years combined, by income, separately for males and females.  The factors I obtained are 1.843E-5 and 1.1049 for B and c, respectively, for males and 2.13E-6 and 1.1280 for females.
[bookmark: _Ref318697269]Graduation
I used a two-dimensional graduation of the ratio of the raw mortality rates to the Gompertz table, with the expected claims as the weights.  The order of difference is 3 and the smoothness factor 3000 in both directions.  The smoothness factor is very high.  The reason is that the focus is on getting a good representation of the average rate of improvement, with less concern about the year-to-year variations.
The result is a set of graduated A/E ratios by age and year, separately for males and females.  The rates of improvement are obtained by successive divisions moving across years for each age.  The pattern is interesting, but it is not very reliable because there is not enough data for each age and year.  For example, the standard deviation in the A/E ratio for males age 80 in 2000 is 14.2% for IAMS data compared only 1.63% for population data.  See Chart 4.  What is particularly surprising is how much of the male and female charts are black, indicating mortality deterioration.  The Committee on has commented for years on the low rates of improvement observed, particularly in the 1990’s.
[bookmark: IAMimp][image: ]
Manipulation
The next step is a pragmatic accommodation.  I am concerned that the A/E ratios on the boundaries may be less reliable than those in the interior of the matrix.  Accordingly I obtained average improvement rates by using the ratio for the 4th and 12th years.  I divided the mortality ratios and took the 8th root to determine the average improvement rate for that age.  The resulting rates are shown in Chart 5.  Chart 5 also includes the average improvement rates for the population for the same years.  The populations improvements rates are clearly higher until advanced ages.
[bookmark: AvgImp][image: ]
[bookmark: _Ref276379037]Blended improvement rates
The improvement rates from the IAMS data overlap fully with those developed (and extrapolated) from the Canadian population data.  Certainly the population rates are better supported than the IAMS rates, but I don’t wish to ignore the IAMS rates.  Some form of credibility approach would seem to be appropriate.
Since I have standard deviations readily available, I decided to blend the two scales based on the size of the standard deviation.  If the standard deviation is small enough, I should have good confidence in the IAMS rates and may use them directly, but if it is too large, I should prefer the population rates instead.  
I calculated the standard deviation in the A/E ratios by age with all years combined.  I used those factors for blending the IAMS rates, which are by attained age only, with the population rates, which are by age and year.  I decided to use the population rates only for a standard deviation in IAMS of 5% or more, and use the IAMS rates for a standard deviation of 1% or less.  In between, I interpolate linearly.  For example, if the standard deviation was 4%, then I used 75% of the population rate and 25% of the IAMS rate.  (25% = (5% - 4%) / (5% - 1%) ).
If you think this use of standard deviation seems contrived, you are right.  The standard deviation is for mortality ratios for all years combined.  When all years are combined, we cannot infer anything about rates of improvement.  Nonetheless, the approach does seem to give a reasonable recognition of the observed improvement in the IAMS data.  The IAMS improvement rates do not have a large impact.  The lowest standard deviation is 0.037 for males age 85.  For males the IAMS improvement rates have an impact for ages 79-92, and the average standard deviation is 0.041.  For females the age range is 80-93 and the average standard deviation is also 0.041.
Chart 6 shows the blended improvement rates as calculated by this method.
[bookmark: BlendImp][image: ]
Mortality rates from IAMS
The next step is to adjust the reported deaths by the appropriate improvement factors so that they would be consistent with the calendar year 2009.
As mentioned earlier, there are two types of studies within IAMS, studies by policy year and studies by calendar year.  The latter are a more recent development; some companies continue to use a policy year study period.
To understand how these two types of studies compare, we need to use what demographers call a Lexis square.  Figure 1 represents a policy year study period.  It shows time moving along the horizontal axis and age along the vertical.  The vertical lines are labeled “y-1”, “y” and “y+1”, referring to the beginning of 3 successive calendar years.  The horizontal lines are labeled “x” and “x+1” referring to the exact age.  However, for our purpose we will use age nearest birthday on the policy anniversary.  The yellow area represents the age and time combinations covered by the study period.  The red line represents the average life exposed in the study.  Figure 2 represents a calendar year study period, with the blue area for the age and time combinations covered by the study period.
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Figure 1.  Policy Year Study
y-1
  y
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Figure 2.  Calendar Year Study

It is immediately evident that the two studies cover the same age range, but the policy year study, on average, represents a time period half a year earlier than the calendar year study.  The red line for the calendar year study coincides exactly with the definition of a mortality rate for year y given in Section 2.
In applying mortality improvement factors to the deaths recorded in IAMS, we need a different approach for data captured by a policy year study and by a calendar year study.  The adjustment factors, using the definition in Section 2, are then
				for calendar year
	for policy year
For example, the sum of males deaths for age 75 for all years of experience is $6,982,423 of annualized income.  After adjusting for mortality improvement, the total has decreased to $5,009.151.  The sum of annualized income exposed is $210,316,117, which is not adjusted.  Thus the adjusted mortality rate is 0.02382.
I graduated these adjusted mortality rates using the exposure for the weights.  I used order 4 and smoothness 500.  
The results of the graduation are shown in Charts 7 and 8.  These charts show the ratios to the 83Basic improved to 2009 on Scale AA (“B83AA09”). The blue line traces the graduated mortality rates.  The red diamonds show the adjusted mortality rates from the IAMS data (called “Raw” on the charts).  The red tick marks represent one standard deviation above and below the adjusted mortality rates.
You will notice that the blue line is far from smooth.  The reason is that B83AA09 is not smooth.  83Basic was smooth enough as created; the average squared fourth difference for males over ages 65-95 is 8.8e-10.  However, after applying 26 years of scale AA, the average squared fourth difference has risen to 2.8e-5.  The graduated rates have average squared fourth difference of 1.7e-10.
[bookmark: Main1][image: ]
Far more important to notice are 
1. The blue line almost always falls between the two ticks.  Statistically one might expect to lie between the ticks about two-thirds of the time.  Clearly the graduation has good fidelity to the raw data.
1. The ticks are farther apart at the ends, particularly the younger end.  There can be less assurance that the mortality rates are a good representation of the real underlying mortality where the standard deviations are larger.
1. The vast majority of the diamonds, and even most of the ticks, lie well below 1.0.  This means that B83AA09 is likely to be inadequate for annuities.
[bookmark: Main2][image: ]
Mortality rates for younger ages
There simply is no adequate set of annuitant data anywhere in the world, and certainly not in Canada.  However, the CIA has recently commissioned the development of a new table based on data of members of Registered Pension Plans in the Canadian public sector.  The data extends in significant quantity to a lower age than does the current set of annuitant data.  The table was extended down to age 0 using a multiple of the CIA97-04 ultimate non-smoker table.  The paper describing this new table, called PP04, has not yet been published, but it was announced at the Annual General Meeting of the CIA in June 2012 and is available for download.  See Howard (2012).
Accordingly, I decided to base the younger age rates on PP04, projected to 2009 using the projection scale recommended in the paper.  I also multiplied the PP04 rates by a multiple to bring the mortality rates close to the graduated rates for the high 70’s and low 80’s.  That multiple is 97% for males and 102% for females.  (I refer to the adjusted table as “PP04i09”.)
This approach seems reasonable because
It uses Canadian data.
The two tables appear to have fairly similar slope in the high 70’s and in the 80’s.
There is too little IAMS data in the 60’s to make a reliable estimate of the mortality rates.
Any other approach that I can think of seems more artificial than this one.
Fortunately there is little financial significance for annuitant mortality rates under age 70.
Mortality rates for older ages
I used the age nearest birthday rates in Howard (2011) on oldest ages without modification.  The table ends with a rate of 1 at age 115.  Some recent tables go farther, but I question the value in doing so.  There is virtually no difference in actuarial present values until the attained age is over 105.  Only two Canadians have ever reached exact age 115.  No Canadian male has reached age 112.
Final table – CIP2009
The three partial tables are blended together to form the final table.  
My first attempt was to grade between the tables over several ages, but the result was not smooth enough.  Next I tried fitting a cubic between two ages of one table and two ages of the other with several ages intervening.  This gave better results, but I eventually decided on using more pivotal points to get a smoother results.  I used ages 65, 66 and 67 as the pivotal ages for the PP04i09 piece and ages 74, 75 and 76 as pivotal ages for the graduated rates at the younger end.  Then the rates for ages 68-73 lie on the quintic curve defined by the 6 pivotal points.  Similarly I used ages 91, 92 and 93 as pivotal points for the older end of the graduated rates and ages 103 and 104 for the table of “oldest” rates.  The rates for ages 94-102 lie on the quartic curve defined by the 5 pivotal points.  (Using 5 pivotal points gave a smoother result at the older ages than either 4 or 6 points.)
Charts 9 and 10 show the ages over which the interpolation was done at the younger end of the graduated rates.  The lines for the graduated rates and the PP04i09 table are very close at the higher ages and continue close into the 80’s.  The graduated data is unusually flat in the 60’s when compared with other published tables.  It may be that using PP04i09 at those ages gives a better result.
[bookmark: InterY][image: ]
[bookmark: InterO][image: ]Charts 11 and 12 show the ages over which the interpolation was done at the older end of the graduated rates.  The gap at age 95, particularly for males, is larger than desired.  I considered scaling the “Oldest” rates downward, and it would be conservative for annuities to do so.  However, I decided to leave them as they are because it is likely that the annuitant mortality rates and population mortality rates will continue to converge as we approach the end of the table.

I have named the table CIP2009, for Canadian Insured Payouts adjusted to the beginning of calendar year 2009.
5 [bookmark: Chart12][bookmark: Chart13][bookmark: _Toc332369689]Future Improvement
An annuitant mortality table is incomplete without an improvement scale associated with it.  However, there is probably no more difficult task for an actuary than to come up with a good improvement scale.  It is far from clear that the past is a good guide to the future in this case.  There are a number of alternatives that we could consider.  However, I wish to make some general comments before discussing specific improvement scales.
[bookmark: _Ref330813198][bookmark: _Toc332369690]Factors to consider
The following factors should be kept in mind when considering whether future mortality improvement will be more or less than we have seen recently.
1. Diminishing returns.  There have been in the past some very significant improvements in lifestyle and medical technology.  It is likely that most of the impact on mortality from these has already been felt.  To continue to make gains we will need new improvements.
1. Medical research.  Much of future improvement is predicated on continuing to find new treatments and new methods of prevention.  There is a lot of research going on now.  The next big breakthrough may be in the trial stage already.  On the other hand there are already concerns about the high cost of medical care.  It would not be unreasonable for funds to be diverted from research to providing care or shortening the wait times for care.  The demand for care is likely to increase much more rapidly than funding will increase as the baby boom ages.
1. Japanese females.  If they can do it, why can’t we?  The life expectancy at age 65 in 2007 was 23.6 years for Japanese females, based on the death rates from www.mortality.org.  For Canadian females it was only 21.3.  For CIP2009 (adjusted to 2007) it is 22.8.  It is surprising that the life expectancy of an annuitant table would be lower than that for a national population.  That suggests that there is room for considerable improvement in mortality in Canada.  However, if the difference is more genetic than environmental, Canadian females may never close the gap.  (The corresponding numbers for males are 18.6, 18.2, and 20.2.  The male mortality of CIP2009 is lighter than that of any current national population.)  News articles a few years ago suggest that there may be a serious problem of underreporting of deaths in Japan, but it is likely that Japanese females remain the longevity leaders.
1. Lifestyle and environmental changes.  These are pushing in both directions.  There is more concern about good nutrition than we have ever seen, but there is more obesity than ever before.  We are showing more concern about pollution, but there is more pollution.  Smoking prevalence seems to have leveled off at under 20% of adults.
1. Geriatrics.  If we are to see significant gains in life expectancy in the future, the very high age mortality rates will need to decline.  The focus of geriatrics is not on quantity of life so much as quality of life.  It seems unlikely that significant research dollars will be diverted from those who work on causes of death in the age 60’s to those who work on causes of death in the 90’s.
The above considerations should be tempered by the fact that mortality has continued to improve for a long time and our estimates have generally been on the low side.
[bookmark: _Toc332369691]The Population Scale developed in this paper
This scale described in section 5.3.1 was developed solely from the Canadian population.  The blended scale described in section 5.3.3 has downward adjustments to reflect that annuity experience has exhibited less improvement than the population, but the later years of the scale, starting with 2012, are taken solely from the Canadian population.  I refer to this scale as “Population” since it comes from the recent trend in improvement for the population.
[bookmark: _Toc332369692]Scale AA
The most commonly used scale currently is AA.  However, that scale was developed many years ago with US data.  I am not aware of any Canadian dataset that shows mortality improvement as low as AA.  I refer to it only for comparison.
[bookmark: _Toc332369693]CLIFR/ASB Scale
A reasonable choice would be the scale recently developed by CLIFR and proposed to be promulgated by the ASB.  It must receive serious consideration because it is the only scale with official actuarial status in Canada.
The scale was developed from over 80 years of population data.  Personally I have serious concerns about a scale developed over such a long period.  
Future mortality improvement is, I believe, fundamentally not a random process that follows some unknown distribution.  Rather it is the cumulative effect of medical advances, changes in lifestyle, the impacts of our environment, and many other factors.  None are recurring.  Few have a rapid effect on our society.  For example a new medical technique may take 10 years to go from experimental to standard, and the impact on mortality may continue for 20 years before its impact becomes immaterial.  Of course there will be more new medical techniques in the future, but they may have no causal link to other improvements in medical technology in the past.
Consider the case of the decline in smoking prevalence.  In Canada over 50% of males smoked 50 years ago, but now fewer than 20% do.  Many would say that the decrease in smoking is the most positive factor in the improvement in mortality, but we can never again have a decrease in prevalence of 30%.
The CLIFR scale may indeed be the right scale to use, but its method of construction should lead us more to suspect it than endorse it.
[bookmark: _Toc332369694]CPP
The Chief Actuary of the CPP produces a report every three years.  The report contains an assumption on mortality improvement into the future, an abbreviated version of which appears on page 90.  Undoubtedly the assumption is the consensus of a number of actuaries within OSFI, and the report was peer reviewed by a group of independent actuaries.  It would be wise to give this scale serious consideration.
The scale is 2-dimensonal and sex-distinct.  The “ultimate” year is 2031 and is unisex.
I have two concerns with the scale.  First, the initial improvement rates are markedly lower than have been observed recently, and second the ultimate improvement rates are lower than we have observed in Canada for a long time.  The first concern is of greater weight because the scale fails to recognize experience that should have been available to consider, and it seems unlikely that mortality improvement will change so suddenly.  My second concern reflects my view of the future, but there are others who believe that improvement rates will be substantially lower in the future as presented in this scale.  There are also many who believe that improvement rates will continue at the current high level or higher.
[bookmark: _Toc332369695]Long Cohort
A cohort effect, a range of birth cohorts with better improvement in mortality over a lengthy period of time than those born before or after, is evident in the males of many developed countries, including Canada.  It was first observed in the UK (see CMI (2002)), and the cohort effect is most prominent there.  A number of improvement scales were developed, the most commonly used, from what I have heard, is the long cohort scale.  It is “long” in the sense that it anticipates the cohort effect continuing for a longer time than the other scales developed at the same time.  The scale does not vary by sex.  To capture the cohort effect, it must be a 2-dimensional scale, varying by attained age and calendar year.  The main concern with this scale is that no one knows how long the cohort effect will continue.  In Canada there are some signs of it lessening already, but we will need to continue to look for what emerges from the data.
I don’t recommend this scale because it was developed for the UK.  However, it is interesting to compare this very different approach with other scales.
[bookmark: _Toc332369696]Recommended scale – CIP2009i
There are two issues that we have to address in developing a scale that is appropriate to recommend.  
First, it seems certain that improvement rates have been very high recently, particularly for males.  We cannot expect that the improvement rates will drop suddenly.  The scales that have low improvement rates currently are suspect.  They may compensate by a higher ultimate improvement rate, but if they stay low, they are likely to produce present values that are unreasonably low.
Second, the ultimate level of improvement is very uncertain.  Some expect that there will soon be some medical breakthroughs which could sustain mortality improvement at the current levels or high for many years to come.  Without some breakthrough it is hard to see how we can maintain the current level of improvement, which has been driven largely by the decrease in smoking prevalence and advances in cardio-vascular treatment.  Personally I think that the Population scale is too high in the ultimate, but CPP is too low.  For this reason my recommended scale lies between the two.
I recommend an improvement scale constructed very similarly to the Population scale, but using as ultimate 75% of the improvement in the Population scale, that is, 75% of the 30-year unisex average rate of improvement for the Canadian population.  I believe that this single adjustment will strike a good balance between historical experience and a reasonable expectation for the future.  I call this scale “CIP2009i”.
[bookmark: _Toc332369697]Comparisons
The following series of charts compare the improvement rates of various scales.  The first six charts hold a year constant and compare the rates at each attained age for those years.  The next six charts hold an age constant and show how the rates for that age change over future years.
[bookmark: ImpComp2009][image: ]
The next comparison is for year 2017 because that is the year for which the improvement rates are based on the last 20-years of sex-distinct experience.  Note that the Population scale and CIP2009I are identical for 2017.
[bookmark: ImpComp2017][image: ]
The last of the 3 years used for comparison is 2031, the year that CPP chose as its “ultimate” year.  My scale reaches the ultimate in 2027.
[bookmark: ImpComp2031][image: ]
The following charts are for attained ages 70, 80 and 90, all of which are important for annuities.
[bookmark: ImpComp70][image: ]
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[bookmark: ImpComp90][image: ]
Table 5 gives a financial comparison.  It shows the present value of annuity of 1 per annum for various ages, for both males and females, and for all the improvement scales mentioned above.  The base table in all cases is CIP2009.  The calculation is done as of 2012 January 1.
[bookmark: ImpCompAnn][image: ]
Table 6 compares directly CIP2009 projected on CIP2009I with the mortality assumption which was in the past the preferred one and may still be in use, 83Basic on scale AA.  Those involved in the annuity business, whether pricing or valuation, will be concerned to see how much higher the present values are on CIP2009.
[bookmark: AnnCompare][image: ]
[bookmark: _Toc332369698]Sensitivities
One might object that the differentials shown in Table 6 are so large because I have made choices that are unnecessarily conservative.  In fact the results are influenced far more strongly by the data than by my choices.
Annuity values in the tables of this section are all the present value of 1 per annum at 3% interest and as of 2012 01 01.  The annuities are calculated on the base table generated by the factors shown and the improvement scale CIP2009I, as described above.  The sex and issue age are shown by M or F followed by the issue age.
The choice that typically takes the most time and is done with the most care is the choice of the order of difference and the smoothness factor to be used in WH graduation.  Table 7 shows the results for males of various choices for order (3 or 4, for perfect smoothness being represented by a quadratic or cubic) and the smoothness factor (powers of 10).  The column called “Fit” represents the average weighted squared error per number graduated.  The columns with the delta are the average squared difference of the indicated order per number graduated.  The last column is the male annuity values that result from the table generated by the factors
[bookmark: Findh][image: ]
The most important observation is that there is very little variation in annuity values over the only two reasonable orders of difference and over a very wide range of smoothness factors.  I conclude that the annuity values are dependent on the graduation parameters only to a very minor extent.
It is also interesting to note that “fit” varies within a fairly narrow range.  Order 4 seems to produce less variation over the range of smoothness factors than does order 3.  Varying the smoothing factor has little influence on second differences (when measured on a logarithmic scale), and the sensitivity increases with increasing orders of difference.  
Table 7 is for male data only.  The female numbers would show a very similar picture.
There is another graduation of IAMS data to obtain improvement rates, referred to in section 5.3.2.3.  The final annuity values show virtually no sensitivity to the order and smoothness factors chosen.
The factors chosen to blend the population and IAMS improvement rates shows modest sensitivity.  Tables 8 and 9 show the impact on annuity values for a male and a female each age 70 from the choice of the factors on which the blending is based.  Table 8 shows the level of standard deviation taken to represent “full credibility” for the IAMS improvement rates.  Note that the higher the factor, the lower the annuity values.  At 3% the improvement rates are taken mostly from IAMS data, at least in the mid-range of the main graduation.  Since the improvement rates are less for IAMS, the mortality rates are higher and the annuity values lower.
[bookmark: Cred][image: ]
Table 9 varies the level at which the IAMS improvement rates are given “zero credibility”.  When set at 3%, all the improvement rates for IAMS will be ignored.  As the factor is increased, annuity values decrease because the influence of IAMS improvement rates is stronger.
Tables 10 and 11 vary the age ranges used for interpolation between the main graduation and the mortality rates for the younger or older ages.  Note that I compare annuity values for issue age 65 for the younger range and 80 for the older range.  The impact of the choice of age ranges is small.
[bookmark: AgeRange][image: ]
Table 12 considers, not a graduation parameter, but the more fundamental choice of what years of experience to include.  In all cases, data is included to 2009, the most recently available year of experience.  The first column indicates the earliest year of experience to be included for determining the average improvement rate on the IAMS data.  The second column is the earliest year of experience included in the main graduation of the IAMS data.  Although the last row might on the surface seem a good choice, I do not think that the standard deviations of the A/E ratios would be small enough to give us the confidence we need for constructing a table.  I think that 15 years is the minimum to use given the amount of data submitted to the study.
[bookmark: StartYear][image: ]
The impact of starting year on annuity values is small enough that the choice of year cannot be considered to have a material impact.
There is a second impact, not evident from Table 12.  The earlier years of the study had proportionately more data at the younger ages.  Dropping the first six years of experience markedly increased the standard deviations at those ages.
[bookmark: _Toc332369699]Validation
The method described above seems reasonable, although some parts are rather arbitrary.  But how reliable are the rates?  There is no way to know, but following the method in Howard (2011) it is possible to get a sense of how close we may be to the true, but unknowable, underlying mortality rates.
In general validation is done by generating a number of random sets of deaths from the same assumed “actual” mortality table and then seeing how close the method described in this paper gets to the “actual”.
The starting point is the IAMS data and the improvement rates and the mortality rates derived from them for an earlier draft of this paper.  (I have not updated the numbers because the inferences would be the same for any reasonable starting point.)  I decided not to work with the final mortality table and improvement scale because they have a number of adjustments particularly at the lower and higher ages.  If I used all the same adjustments for each scenario, I might be biasing the results.  I did the validation only for male data.  There is a little less female data at the younger ages, but more at the older ages.  It didn’t seem worth the effort to validate the method on both sexes.
I constructed a model of the IAMS policies using data for each income band and each age-year combination.  The bands in amounts of annualized income are 0-1,000, 1,000-5,000, 5,000-10,000 and 10,000 and up.  For each band-age-year, I constructed 3 model cells with the same number of policies, amount of annualized income, and sum of annualized income squared as in the IAMS data.  For each cell I generated 500 sets of random deaths using the mortality rates for the age-year, assuming deaths to be binomially distributed.  I did not vary the mortality rate by band.  I then summed the deaths to get totals for each age-year.  All scenarios have the same exposure.
There is a slightly different approach that I could have used.  That is, to use the exposure in the first year and the sales in each year as a base from which to simulate deaths and remaining lives in each year.  This approach would have ensured consistency along cohorts by issue age and year, but it would not be consistent with the IAMS data which has companies entering and leaving the study at various times.
Having deaths and exposures at each age-year, I then applied the method described above for each scenario.  Then I looked at the mean and standard deviation of the mortality rates and improvement rates.  I hoped to find that the means are fairly close to the “actual” and that the standard deviations are acceptably low.  I expected to find the standard deviations at the low and high ages larger than I could accept, but satisfactory for most ages.
Chart 25 below, and the next several charts, show the first 5 scenarios and the actual, in black with diamond markers.  
[bookmark: V1c][image: ]
The amount of variability from one scenario to the next is disappointing.  I conclude that we do not have enough data to develop a reliable improvement scale.  However, in ages 75-90, the scenarios are close enough together to imply that improvement rates are not likely to be out by 1%.  That is still a big uncertainty, but it seems good enough to let us conclude that Scale AA and the new CLIFR scale are too low to be consistent with recent annuitant experience.
[bookmark: V2c][image: ]
Chart 26 shows that the variability for mortality rates for 2005 is very much less than that for improvement rates.  However, the scale is too small to see how much variability there actually is.  Chart 27 shows only ages 65-75 with a larger scale.  It shows that all the scenarios are clustered fairly close together, and that the shapes are fairly similar.  Knowing how little data there is at the younger ages, I am surprised that the consistency is as good as it is.
[bookmark: V3c]i [image: ]  
Chart 28 shows only ages 85-95 with a slightly larger scale than Chart 26.  The consistency looks sufficient.
[bookmark: v4c][image: ]
Looking at five scenarios is interesting, but when there are 500 scenarios, we need something more objective.  Table 13 shows the mean and standard deviation for quinquennial ages for both the mortality table and the improvement scale.  The mean and standard deviation are divided by the actual rate to aid the comparison between ages.
[bookmark: Table5][image: ]
I would like to see standard deviations for mortality around 2% of the mortality rate, but we do not get that low.  It certainly needs to be under 5%, and we have that for ages 75-90.  
We need a lot of deaths to get the standard deviations low enough.  If looking at experience by lives (or policies), the ratio of standard deviation to the expect mortality rate depends on the number of expected deaths regardless of the mortality, not on the number exposed.  The standard deviation of the rate of improvement (not divided by the rate of improvement) also depends on the number of expected deaths, regardless of the rate of mortality or improvement.  It is easy to calculate the standard deviation in mortality rate since we can assume that the number of deaths is binomial.  I don’t know how to calculate the standard deviation in the rate of improvement since that is the quotient of two binomial distributions.  However, it is simple to simulate a lot of experiments with populations of various sizes and approximate the standard deviation from that.  The results are shown in Table 14.
[bookmark: Table6][image: ]
If we have a cell with 3,000 deaths, we should expect the raw mortality rate to be within about 2% of the correct value two-thirds of the time, measured by policies.  The standard deviations divided by the expected mortality rate are typically 2-4 times the size when measuring by amount.  The certainty that we can have in improvement rates is much less.  Even with 100,000 deaths in a cell, the raw improvement rate is still likely to be off by almost half a percent, two-thirds of the time, and that is half a percent absolute, not relative to the improvement rate.  To keep the number of deaths in perspective, data used from IAMS has only 150,000 deaths from 18 years of data and both sexes.  Canada as a whole has around 200,000 deaths per year.  Fortunately with graduation, we can have much less volatility than we do with a single cell.
For actuaries, the big question is whether financial values obtained from the table are reliable.  To answer that question, I used the mortality rates from each of the 500 scenarios to calculate annuity present values.  The rates for each scenario are extended for ages 96-115 using the table for oldest ages taken from Howard (2011).  Table 15 shows the mean and standard deviation that result for various ages.
[bookmark: Table7][image: ]
Ideally we would like the standard deviations under 0.2% of the annuity value, but in fact the standard deviations are generally only a little under 1%.  To get the standard deviations lower, we need to have more data (but we are already capturing the vast majority of the annuity market in Canada) or use policies rather than income (but the financial significant is much better reflect if experience is by income).
Table 16 shows numbers analogous to Table 13, but for a population 10 times the size that we actually used.  This table is of theoretical interest only.  The point is that with 10 times the population, the standard deviations are down by only about one-third.  (As one might expect since the square root of 10 is 3.16.)
[bookmark: Table8][image: ]
My conclusions from the validation are that 
1. the method yields a mortality table that is a good representation of the underlying experience and appropriate for use with Canadian individual annuities. 
1. the degree of certainty in the mortality rates is less than we would prefer and certainly much less than indicated by the number of digits shown in the table.
1. there is insufficient data to be able to base an improvement scale on the observed experience, and instead population data needs to be used in whole or in part for the improvement rates.
1. although feasible to construct tables from subsets of the data, such as income bands, the loss of reliability from using a subset may be too great.
[bookmark: _Toc332369700]Summary
I recommend the CIP2009 mortality table and the associated 2-dimensional improvement scale for use in individual annuity work in Canada.  The table was developed using experience for all amounts.  Because the studies of the CIA on individual annuitant experience show a marked decrease in mortality rates with increasing amount of income, the table should not always be used without adjustment.  
The rates can be obtained from an Excel workbook at http://www.howardfamily.ca/~bob.
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Male Female Male Female

RRSP 115.0% 109.5% 101.4% 98.4%

RPP 122.5% 108.5% 111.0% 107.8%

Non-reg 109.5% 95.4% 102.2% 90.8%

Total 113.6% 104.0% 102.1% 95.1%

RRSP 103.5% 104.2% 89.8% 88.4%

RPP 111.3% 102.5% 90.5% 81.9%

Non-reg 99.5% 95.2% 88.3% 83.7%

Total 103.2% 102.0% 89.5% 86.6%

RRSP 133.2% 133.6% 99.4% 97.4%

RPP 162.4% 145.7% 107.4% 108.3%

Non-reg 133.4% 130.9% 101.8% 97.4%

Total 134.4% 134.0% 100.2% 98.1%
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Table 1. Ratios of actual to expected mortality, by plan and tax 

type. Expected on 1983 IAM Basic, projected to 1999 on AA.

Policies Annualized Income

Single

Joint


image6.emf
Year of 

Experience

Average 

Age

Proportion 

RRSP

Proportion 

Single

Average 

Income

Income 

Exposed

1989 68.2 66.2% 58.8% 2,926 658,143,597

1990 68.9 63.0% 59.1% 2,971 708,907,130

1991 69.4 63.1% 62.7% 3,066 856,192,224

1992 70.0 62.4% 62.0% 3,132 922,983,359

1993 70.6 60.1% 59.4% 3,396 1,116,659,009

1994 71.1 58.7% 59.2% 3,478 1,126,088,807

1995 71.6 57.7% 54.7% 3,602 1,041,175,080

1996 71.9 56.9% 54.7% 3,687 1,068,360,487

1997 72.5 56.0% 55.0% 3,727 1,115,338,344

1998 73.9 57.1% 54.0% 3,638 1,144,398,831

1999 74.9 56.5% 49.6% 3,736 1,033,358,552

2000 75.5 56.0% 49.5% 3,799 1,021,321,533

2001 76.2 55.3% 49.4% 3,882 1,019,407,066

2002 76.9 58.7% 48.2% 4,003 1,368,628,891

2003 77.5 56.3% 50.3% 4,090 1,430,258,084

2004 78.0 55.6% 50.7% 4,181 1,493,814,316

2005 78.4 54.5% 50.3% 4,307 1,494,101,696

2006 78.9 53.2% 51.6% 4,444 1,535,338,973

2007 79.3 52.3% 51.5% 4,544 1,496,362,644

2008 79.8 51.6% 50.8% 4,644 1,451,405,492

2009 80.1 50.2% 50.8% 4,774 1,440,171,573

Total 75.2 56.5% 53.3% 3,849 24,542,415,691

Table 2. Summary by year of experience.
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Year of 

Experience

Average 

Age

Proportion 

RRSP

Proportion 

Single

Average 

Income

Income 

Exposed

1989 63.9 66.5% 49.9% 4,168 50,808,818

1990 63.9 61.7% 45.6% 4,476 60,078,759

1991 64.5 65.8% 53.5% 4,589 73,723,223

1992 64.9 50.3% 57.9% 4,409 54,894,020

1993 65.1 38.3% 56.0% 4,946 75,004,144

1994 65.6 38.9% 56.2% 4,753 64,683,413

1995 65.4 41.2% 53.3% 5,002 46,688,607

1996 63.9 40.2% 55.1% 5,292 56,376,386

1997 64.5 34.9% 58.4% 4,990 44,543,205

1998 66.3 40.1% 61.6% 4,372 29,219,295

1999 69.7 36.6% 57.4% 4,569 18,219,056

2000 71.0 35.9% 55.5% 5,843 24,876,459

2001 71.6 31.3% 56.8% 7,174 28,588,944

2002 69.8 28.6% 53.6% 6,966 36,521,097

2003 71.0 32.9% 58.0% 7,183 47,426,674

2004 71.7 31.9% 59.0% 7,165 54,345,959

2005 71.1 34.5% 57.7% 7,124 52,206,889

2006 71.6 35.5% 60.2% 8,155 46,318,974

2007 70.8 32.9% 59.7% 8,653 42,644,568

2008 70.4 29.8% 53.9% 9,387 36,461,557

2009 70.1 32.9% 53.6% 9,648 49,014,959

Total 67.4 41.7% 55.5% 5,606 992,645,005

Table 3. Summary of new annuities by year of experience.
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Chart 1. Legend for 

improvement charts
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Chart 2.Population Improvement Rates and Projection - Male
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Chart 3.Population Improvement Rates and Projection - Female
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Age Exposure qx std dev Exposure qx std dev

65 75,377,417 0.0108 0.0018 61,924,925 0.0073 0.0013

66 86,437,151 0.0177 0.0018 69,679,094 0.0085 0.0013

67 95,649,204 0.0168 0.0017 77,895,045 0.0120 0.0012

68 106,321,567 0.0132 0.0017 87,301,437 0.0109 0.0012

69 122,651,462 0.0172 0.0017 100,932,943 0.0121 0.0012

70 136,440,925 0.0168 0.0017 114,956,104 0.0145 0.0012

71 150,733,438 0.0206 0.0017 130,837,914 0.0152 0.0012

72 163,584,004 0.0251 0.0017 144,650,337 0.0143 0.0012

73 175,460,264 0.0248 0.0017 158,203,347 0.0163 0.0012

74 187,583,222 0.0274 0.0017 174,418,161 0.0181 0.0012

91 57,572,251 0.1608 0.0056 80,366,723 0.1242 0.0041

92 44,120,210 0.1811 0.0066 63,139,993 0.1351 0.0049

93 33,444,539 0.1844 0.0081 48,054,948 0.1559 0.0061

94 24,558,476 0.2021 0.0106 35,577,912 0.1703 0.0075

95 15,318,885 0.2292 0.0133 24,705,683 0.1795 0.0097

96 9,269,821 0.2540 0.0171 16,996,875 0.1965 0.0127

97 5,741,027 0.3016 0.0228 11,812,974 0.2123 0.0173

98 3,403,326 0.2714 0.0296 7,941,062 0.3349 0.0235

99 1,901,305 0.3258 0.0367 4,233,337 0.2735 0.0247

100 976,129 0.2890 0.0502 2,671,686 0.2647 0.0327

Male Female

Table 4. Raw mortality rates and standard deviation on 83Basic at selected ages
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Chart 4. Improvement rates from graduated A/E ratios, IAMS data
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Chart 5. Average improvement rates
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Chart 6. Blended improvement rates
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Chart 7. Ratio to B83AA09 - Male

Raw Raw+1sd Raw-1sd Graduated
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Chart 8. Ratio to B83AA09 - Female

Raw Raw+1sd Raw-1sd Graduated
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Chart 9. Interpolation - Male

Final Graduated PP04i09
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Chart 10. Interpolation - Female

Final Graduated PP04i09
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Chart 11. Interpolation - Male

Final Graduated Oldest
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Chart 12. Interpolation - Female

Final Graduated Oldest
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Chart 13. Compare scales - Male 2009

Pop AA CLIFR CPP Cohort CIP2009I
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Chart 14. Compare scales - Female 2009

Pop AA CLIFR CPP Cohort CIP2009I
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Chart 15. Compare scales - Male 2017
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Chart 16. Compare scales - Female 2017

Pop AA CLIFR CPP Cohort CIP2009I
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Chart 17. Compare scales - Male 2031
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Chart 18. Compare scales - Female 2031

Pop AA CLIFR CPP Cohort CIP2009I
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Chart 19. Compare scales - Male 70
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Chart 20. Compare scales - Female 70

Pop AA CLIFR CPP Cohort CIP2009I
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Chart 21. Compare scales - Male 80
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Chart 22. Compare scales - Female 80

Pop AA CLIFR CPP Cohort CIP2009I
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Chart 23. Compare scales - Male 90
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Chart 24. Compare scales - Female 90

Pop AA CLIFR CPP Cohort CIP2009I
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Pop AA CLIFR CPP Cohort CIP2009I

M70 13.18 12.56 12.66 12.90 13.43 13.14

M80 8.14 7.68 7.81 7.93 8.73 8.12

M90 4.11 3.93 3.99 4.03 4.33 4.11

F70 14.16 13.68 13.93 13.91 14.69 14.12

F80 9.16 8.83 9.00 8.98 9.95 9.15

F90 4.59 4.44 4.51 4.48 4.87 4.59

Table 5. Annuities of 1 per annum at 3% in 2012 on CIP2009
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CIP2009 on 

CIP2009I

83Basic on 

AA

M70 13.14 12.15

M80 8.12 7.44

M90 4.11 3.97

F70 14.12 13.26

F80 9.15 8.43

F90 4.59 4.34

Table 6. Annuities of 1 per 

annum at 3% in 2012
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Order Smooth Fit ∆

2

∆

3

∆

4

M70

3 1 1.65E-06 9.61E-07 4.53E-07 4.67E-07 13.13

3 10 2.69E-06 5.46E-07 2.64E-08 1.75E-08 13.15

3 100 3.24E-06 4.24E-07 2.7E-09 4.95E-10 13.17

3 1000 3.75E-06 3.73E-07 8.48E-10 2.8E-11 13.18

3 10000 6.15E-06 3.33E-07 1.96E-10 3.92E-12 13.23

4 1 1.63E-06 1.11E-06 5.28E-07 4.2E-07 13.12

4 10 2.61E-06 5.67E-07 3.88E-08 2.27E-08 13.15

4 100 3.06E-06 6.07E-07 9.43E-09 1.1E-09 13.16

4 1000 3.33E-06 4.7E-07 3.4E-09 1.09E-10 13.17

4 10000 3.56E-06 4.08E-07 1.87E-09 8.43E-12 13.17

Table 7. Impact of order and smoothness on main graduation
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Full Cred M70 F70 Zero Cred M70 F70

0.01 13.17 14.17 0.03 13.18 14.16

0.02 13.16 14.15 0.05 13.14 14.12

0.03 13.13 14.12 0.07 13.10 14.08

Table 8. Varying the 

requirement for full credibility of 

improvement in IAMS data

Table 9. Varying the 

requirement for zero credibility 

of improvement in IAMS data
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Low Age High Age M65 F65 Low Age High Age M80 F80

61 71 15.48 16.32 93 101 8.11 9.14

62 72 15.50 16.36 94 102 8.12 9.15

63 73 15.53 16.41 95 103 8.13 9.16

63 71 15.50 16.36 95 101 8.12 9.15

61 73 15.51 16.37 93 103 8.12 9.16

Table 10. Varying the age range for the 

younger interpolation

Table 11. Varying the age range for the 

older interpolation
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Improve Grad M70 F70

1989 1989 13.16 14.19

1989 1995 13.16 14.16

1989 2000 13.16 14.16

1995 1995 13.17 14.17

1995 2000 13.17 14.17

2000 2000 13.19 14.18

Table 12. Varying the starting year for 

improvement and graduation of the IAMS 
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Chart 25. Improvement rates for 5 scenarios and "actual"

Scen1 Scen2 Scen3 Scen4 Scen5 Actual
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Chart 26. Mortality rates for 5 scenarios and "actual"

Scen1 Scen2 Scen3 Scen4 Scen5 Actual
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Chart 27. Mortality rates for 5 scenarios and "actual"

Scen1 Scen2 Scen3 Scen4 Scen5 Actual
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Chart 28. Mortality rates for 5 scenarios and "actual"

Scen1 Scen2 Scen3 Scen4 Scen5 Actual
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Mean Std Dev Mean Std Dev

65 93.8% 13.4% 121.3% 48.5%

70 100.1% 5.8% 100.7% 16.5%

75 100.1% 4.4% 97.7% 13.3%

80 101.0% 3.3% 98.0% 14.8%

85 99.6% 2.5% 98.5% 19.7%

90 100.2% 2.2% 102.5% 33.7%

95 98.8% 5.6% 129.1% 91.1%

Table 13. Mean and standard deviation of 500 

scenarios divided by the "actual" rate

Mortality Improvement

Age
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Expected 

deaths

Standard deviation of 

mortality rate divided 

by expected rate

Standard deviation 

in improvement rate

100 0.0987 0.1378

300 0.0575 0.0775

1,000 0.0312 0.0425

3,000 0.0184 0.0249

10,000 0.0099 0.0134

30,000 0.0058 0.0079

100,000 0.0032 0.0042

Table 14. Results of 10,000 random scenarios by 

policies with expected mortality rate 0.03 improving by 


image38.emf
Age Mean Std Dev

65 11.43 0.087

70 9.88 0.072

75 8.14 0.068

80 6.31 0.062

85 4.65 0.054

90 3.27 0.059

Table 15. Mean and standard 

deviation of an annuity of 1 

per annum at 5% using 500 

scenarios of simulated 

mortality rates, without 

improvement, continuing at 

age 96 with a fixed set of 

mortality rates.
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Mean Std Dev Mean Std Dev

65 94.2% 4.3% 117.0% 15.0%

70 100.5% 1.8% 99.9% 5.2%

75 99.9% 1.4% 98.0% 4.2%

80 100.8% 1.1% 98.2% 4.9%

85 99.7% 0.8% 97.7% 6.9%

90 100.4% 0.7% 99.9% 10.8%

95 98.6% 1.8% 125.5% 29.3%



Mortality Improvement

Table 16. Mean and standard deviation of 500 

scenarios, scaled to 10 times the size of IAMS, 

divided by the "actual" rate
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