
 

Committee and task force reports represent the views of the committee or task force and do 
not necessarily represent the views of the Canadian Institute of Actuaries. Members should 

be familiar with committee and task force reports. These reports do not constitute Standards 
of Practice and therefore are not binding. These reports may or may not be in compliance 

with Standards of Practice. Responsibility for the manner of application of Standards of 
Practice in specific circumstances remains that of the members in all practice areas. 

 
 

Report 

 

 

 Construction of CIA9704 Mortality Tables 
for Canadian Individual Insurance 
based on data from 1997 to 2004 

 

 

 
Individual Life Experience Subcommittee –  

Research Committee 
 

 

 

 

 

 

 

May 2010 
 

Document 210028 
 

Ce document est disponible en français 
© 2010 Canadian Institute of Actuaries 



Report  May 2010 

2 
 

Introduction 
This report contains the following information with regards to the construction of the CIA9704 
mortality tables based on Canadian Individual Insurance data for years 1997 to 2004: 

a) Literature Review; 

b) Methodology; 

c) Appendix I: Data Summary; 

d) Appendix II: Data Validation; 

e) Appendix III: References. 

The following are Excel spreadsheets attached to the main document: 

f) Appendix IV: CIA9704 Mortality Tables  

i. Aggregate, Select and Ultimate Tables; 

ii. Male and Female Tables; 

iii. Smokers, Non-Smokers and Aggregate Tables; and 

iv. Age Nearest and Age Last Birthday Tables; 

g) Appendix V: Comparison to CIA8692 mortality tables; and 

h) Appendix VI: Summary Actual to Expected based on CIA9704. 

This report was prepared by Claude Pichet, PhD, FCIA, FSA, and Carole Turcotte, MSc, FCIA, 
FSA, with the assistance of Jean-François Paquin, MSc, FCIA, FSA, of the Université du Québec 
à Montréal (UQAM). This report was prepared in conformity with the contract signed between 
UQAM and the CIA in May 2007. 

a) Literature review 
We have made a literature review with regards to current theories and practices of mortality table 
construction. The main subjects of discussion in the current literature are the methods of 
projection and the computation of mortality at old ages.  

As we are building a table without projection and the data on centenarians is relatively scarce in 
the data provided for this study, most of the literature is irrelevant to the present contract. But 
there is a body of knowledge pertaining to the construction of static mortality tables based on 
experience that is relevant to this study. The documents that were used are quoted in the section 
where we describe the techniques used to construct the tables. We have read and discussed the 
articles related to our project and we are convinced the methods we use are correct and will 
provide reasonable results according to sound actuarial practice. As a general comment, we 
would like to say the validation of the data is the most important part of the study. 
Notwithstanding the apparent complexity of the formula used, the fact no projections were made 
with regards to future mortality changes simplified considerably the necessary calculations. 
References are listed in Appendix III. 
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b) Methodology  
Tables were constructed based on amounts. No mortality projection has been calculated.  

The raw mortality rates were computed based on amount of insurance. These rates were 
calculated using the following formula: qx=Dx/(Ex) where Dx represents the total death benefits 
for the persons that died between age x and x+1 and where Ex represents the total exposure 
amounts of those insured at age x. Active policies and deaths occurring between x and x+1 
contribute a full year exposure and lapses during the same period contribute up to their lapse date. 

Determination of ultimate rates 
The use of credibility theory to graduate the table was evaluated but the size of the data at various 
ages and duration periods was insufficient to allow the use of the methods to compute the 
mortality rates. Standard graduation methods were analysed and it was realised the old 
Whittaker-Henderson method still remains the most satisfactory graduation method. The most 
recent table produced by the SOA also uses Whittaker-Henderson graduation. 

This method involves the minimization of the following: 
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The first term expresses the goodness of fit of the graduated rates vs. the raw rates. The second 
term of this equation expresses the smoothness of the graduated rates.  

The method was applied separately for Male and Female, and for the different smoking status. 
Values of z = 2, 3, 4 were tested. For values of z equal to 3 and 4 some of the graduated mortality 
values obtained were negative. To avoid this problem, we set the factor z to 2. For the parameter 
h, values of 200 for males and 500 for females were used. These values were set to avoid 
inconsistencies between different tables (e.g., non-smokers should have a lower mortality than 
smokers and women should have lower mortality than males). The Whittaker-Henderson method 
was used for ages up to age 80.  

The weights wx have been set to: 
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where Ex is the exposure at attained age x.  

As a first approximation to mortality at older ages, we fitted the graduated data for ages over 60 
according to Makeham’s law of mortality that is: 

)(1
xcdbxaMakeham

x eq ++−−=  

Again, this was performed separately for Male and Female and for each smoking status. To 
obtain the parameters a, b, c, d, the model was calibrated using data from age 60 to age 80 
through the minimization of the following equation: 
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Ex was used to give more weight to ages with large exposure. Moreover, the following constraint 
was used in order to have a smooth transition between the graduated rates and the rates obtained 
by the Makeham’s second law: 

60
60 60 cdbagrad ++=µ  

Once the values for a, b, c and d were found, the smoothed rates up to age 99 were calculated 
based on the following equation: 

)(1
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However, because of the scarcity of data at advanced ages we have also used population 
mortality data. The method used was adapted from the approach taken by the SOA to derive the 
VBT2008 tables.  

The graduated ultimate mortality rates from ages 80 to 90 were made to converge linearly to the 
Canadian Life Tables for male and female status produced by Statistics Canada 
(http://www.statcan.gc.ca/pub/84-537-x/4064441-eng.htm) for the same observed period, with 
minor smoothing around age 93 to eliminate irregularities in the raw population data. After age 
90, only population data is used to derive mortality rates. In other words, revised ultimate 
mortality rates for ages 80 to 104 were calculated using the following equation: 

qx (CIA97-04) =  max (0,90-Age)*0.1*qx (graduated) + min(10,Age-80)*0.1*qx 
(Canadian Life table) 

for x= 80 to 104. 

For ages 105 to 119, the ultimate mortality was set to a constant .45, consistent with papers 
published at the most recent Living to Age 100 conference and by the SOA (VBT2008 tables). 
The omega was set to age 120 (i.e. q120 = 1.0). The use of 120 as omega seems to be an accepted 
practice (see Hustead (2005)). For example, the UP1994 and CSO2001 tables also use 120 as 
their omega.  

Finally, a comparison between the calculated and graduated qx was made and adjustments were 
made to eliminate differences between the initial graduated data and the data adjusted to follow 
Makeham’s law.  

Determination of select rates 
Once the ultimate mortality rates were computed, the select rates were calculated. In order to 
produce select rates, data was analysed in order to determine the length of the select period where 
mortality rates could be calculated. We have tested the feasibility of producing rates for select 
periods longer than 15 (e.g., 20 and 25 years). The problem encountered is that the data is 

http://www.statcan.gc.ca/pub/84-537-x/4064441-eng.htm�
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insufficient to conclude to a select period longer than 15 years. We tested different select periods 
(5, 10, 15, 20 and 25 years) by computing the life expectancy for each issue age from 15 to 80 
and for the different select periods, by sex and smoking status. These calculations were based on 
the raw data. When the select status has an effect, the life expectancy should increase. If they 
start decreasing, that means the select period is too long. Based on the results of these 
calculations, tables were constructed based on a select period of 15 years. 

The relationship between the first year mortality (i.e., ][ xq ) and the ultimate mortality at the same 
attained age (i.e., xq ) was found through the minimisation of the function:  
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The following graphs show the ratio between the observed and the graduated qx for both Male 
Combined and Female Combined status. 
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Based on these graphs, we have 4 outliers for males (ages 22, 25, 63, and 80) and 6 for females 
(ages 16, 18, 19, 20, 32, and 61) which were rejected for the analysis. 

Next the parameters σ , β ,φ ,γ , andδ were calculated whose values are included below, and 
Smooth
xq ][  was obtained from Smooth

xq .  

 
 

Male  
 

Female 
σ 1.05651336  1.088048568 
β  -0.003312055  -0.001686505 
φ  20  21 
γ  -0.596148234  -0.763087423 
δ  0.393651296  0.318831711 

 

This analysis was performed for the combined status only due to lack of data for the subclasses. 
Therefore, the obtained values for σ, β , φ , γ , and δ  were used for each smoking status.  

To complete the select tables, interpolation between Smooth
xq ][  and Smooth

xq  was done using a method 
devised by Panjer and Tan (1995): 
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The parameter α  ( 0≥α ) captures the impact of the selection period. To determine the value of 
this parameter the following equation has been minimized: 
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where ttxq +− ][ˆ  is the observed mortality rate.  

Once L is minimized, the value for α  is determined. Based on that information, the select tables 
were calculated. The values of α  are: 

α Males Females 

Smokers Last 0.27665 0.21955 

Non-Smokers Last 0.62267 0.37798 

Combined Last 0.85943 0.74065 

Final overall adjustments 
Once the tables were constructed, the ratio between actual and tabular death benefit was 
calculated. In order to have a ratio close to one, each graduated mortality table was adjusted by a 
factor. Unlike Panjer and Tan (1995), we have performed the computation of these ratios based 
on select and ultimate rates. Moreover, the analysis has been done separately by sex and status. 
The analysis appears in Appendix I. Based on these results, here are the adjustments required:  

Actual-to-Tabular 
ratio 

Males Females 

Smokers 0.979892 0.992199 

Non-Smokers 1.002831 1.060108 

Combined 1.007860 1.050413 
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Finally, the inequalities for each age and duration between the smoker, non-smoker and 
combined rate (Non-Smoker ≤ Combined ≤ Smoker) were verified. Whenever the inequalities 
were not verified, the smoker or non-smoker rates were replaced by the combined rates. This was 
done for less than 200 values out of more than 5,000. 

The age nearest tables have been constructed from the age last tables using the following formula 
due to the scarcity of age nearest data: 

2
][]1[
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Last
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qq
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except for the first age of each table for which, 
Last

jx
Near

jx qq ++ = ][][ . 

 

Documentation attached 
The CIA9704 tables can be found in Appendix IV (Excel attachment). A comparison to the 
CIA8692 tables can be found in Appendix V. Finally, Appendix VI shows the experience of the 
years 1997-2004 used to build the CIA9704 tables against these same tables, therefore giving 
additional information to the fit of the tables to the underlying experience.  
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Appendix I: Data Summary 

You will find here the following information: 

In Table 1, the contribution of each participating company (by amount of insurance) is given. To 
preserve confidentiality, the name of the participating companies has been omitted.  

In Table 2, death claims and exposures by policy year and by sex (both by numbers and by 
amounts of insurance) are provided.  

In Table 3, death claims and exposures by type of product, by sex, and by smoking status (by 
amounts of insurance) are provided. 

Company Exposures (by amount) 
2 7.46% 
6 3.18% 
10 13.15% 
11 9.61% 
12 4.14% 
14 15.88% 
15 1.97% 
18 13.18% 
20 7.52% 
21 1.49% 
24 7.47% 
32 1.09% 
33 7.38% 
34 4.52% 
37 0.89% 
38 1.07% 

Total Exposures 100.00% 

TABLE 1 
CONTRIBUTING COMPANIES 
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Policy Year Death Claims Exposures Death Claims Exposures 
1997-1998 18,638 3,582,408 416,117 234,082,449 
1998-1999 21,328 3,609,592 471,068 244,257,739 
1999-2000 21,056 3,499,319 469,744 235,973,031 
2000-2001 18,756 3,358,011 492,855 249,459,191 
2001-2002 17,914 3,246,400 504,560 250,468,089 
2002-2003 20,659 3,617,603 712,272 340,355,508 
2003-2004 18,453 3,223,112 579,155 291,746,862 
Total 136,804 24,136,445 3,645,771 1,846,342,869 

Policy Year Death Claims Exposures Death Claims Exposures 
1997-1998 8,626 2,862,448 125,959 136,887,281 
1998-1999 10,292 2,903,052 139,307 142,415,297 
1999-2000 10,310 2,848,974 153,912 140,965,699 
2000-2001 10,501 2,842,323 175,264 151,824,591 
2001-2002 10,419 2,779,972 178,547 155,628,620 
2002-2003 11,562 3,045,496 245,402 198,579,222 
2003-2004 11,161 2,811,178 215,712 183,097,881 
Total 72,871 20,093,443 1,234,103 1,109,398,591 
Overall Total 209,675 44,229,888 4,879,874 2,955,741,460 

FEMALE 
By number By amounts (’000) 

Table 2: Death Claims and Exposures by Policy Year and Sex  

MALE 
By number By amounts (’000) 
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Death Claims Exposures Death Claims Exposures 
Males 
Permanent 1,241,891 787,093,187 1,048,779 168,938,755 
Term 1,022,981 746,500,084 210,289 44,895,339 
Other 93,867 88,313,059 27,964 10,602,445 
Total 2,358,739 1,621,906,330 1,287,032 224,436,539 
Non-smokers 1,499,391 1,173,672,766 317,161 85,685,553 
Smokers 585,773 295,866,543 138,271 20,511,744 
Indeterminates 273,575 152,367,021 831,600 118,239,242 
Total 2,358,739 1,621,906,330 1,287,032 224,436,539 

Females 
Permanent 542,031 562,880,088 271,373 86,191,771 
Term 341,175 381,739,258 40,987 16,532,376 
Other 32,187 57,507,070 6,350 4,548,028 
Total 915,393 1,002,126,416 318,710 107,272,175 
Non-smokers 591,435 704,637,219 79,473 40,391,495 
Smokers 225,509 196,771,007 42,514 12,529,836 
Indeterminates 98,449 100,718,190 196,723 54,350,844 
Total 915,393 1,002,126,416 318,710 107,272,175 

Table 3: Death Claims and Exposures by Amounts (’000)  

Category 
Select Ultimate 
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Appendix II: Data Validation 

All data has been processed and validated. Here is a description of the method used. We have 
detected some inconsistencies in the data requiring the exclusion of some records from the study. 
The reasons for each exclusion are explained in this appendix. 

Based on the data obtained from the University of Toronto, we have reconciled the deaths (in 
numbers of policies and dollars) and the exposure (in numbers of policies and dollars) for each 
study year from 1997 to 2004. Here is a table summarizing the differences between the numbers 
that we obtain compared to those provided in the CIA Annual Mortality Study Analysis: 

 

Moreover, based on the data, we have computed the average face amount for males, females, and 
combined. Here is a table summarizing the difference between the average face amounts that we 
obtain compared to those provided in the CIA Annual Mortality Study Analysis: 

 

As you can notice, the difference between our numbers and those stated in the CIA Studies are 
very small.  

2003-2004 0 111 31 5,176

2002-2003 0 -180 0 8,702

2001-2002 0 75 -1 9,345

2000-2001 -3 130 -1 3,795

1999-2000 0 146 -1 5,650

1998-1999 0 139 1 9,902

1997-1998 -1 156 -1 6,444

Study

Total difference
Deaths 

(# of policies)
Exposure 

(# of policies)
Deaths 

(x$1,000)
Exposure 
(x$1,000)

Study Combined Males Females 

2003-2004 -1 N/A N/A 

2002-2003 3 3 2 

2001-2002 0 1 1 

2000-2001 9 8 8 

1999-2000 0 -1 -1 

1998-1999 0 0 0 

1997-1998 0 -1 0 

Average Face Amount ($)  
Total Difference  
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In order to detect any inconsistency in the data received, a series of tests were made on each field 
of the databases. Based on these tests, we excluded some records for various reasons listed 
below. The tables below show the reconciliation in the number of exclusions for each item.  

1) Data from company 008 are excluded as they do not provide seriatim data; 

2) Joint life records are excluded; 

3) One record is excluded because the face amount is too large (>$50M) 

4) Records with a face amount smaller than $100 were excluded; 

5) Records for which the birth date is not provided and the issue age is given without giving 
the method used (i.e., Last or Near) are excluded; 

6) Records with an unknown sex are excluded; 

7) Some records have been excluded as the termination did not occur in the study year; and 

8) One record has to be excluded since this policy was terminated without any termination 
date or termination duration.  

Based on these exclusions, the underlying face amount for our study is now of 
$4,161,281,986,000 while the number of records is 59,228,563. Initially, the databases that we 
received contained a total face amount of $4,313,159,474 and 60,072,233 records.  

  Table 1: Reconciliation of data by Face Amount        
Face Amount (FA) (/$1,000) Study year   

# Description 1997-1998 1998-1999 1999-2000 2000-2001 
1 Initial databases 511,192,792 515,150,704 570,172,560 586,380,895 
2 Exclusion of joint life policies 502,739,969 504,233,591 554,415,819 567,300,761 
3 Exclusion of policy w/ FA>$50M 502,631,469 504,132,091 554,310,819 567,189,461 
4 Exclusion of policies w/ FA<$100 502,631,252 504,131,897 554,310,383 567,188,999 

5 Exclusion of policies with method 
different from Last and Near Age 

502,631,252 504,131,897 554,310,383 565,376,680 

6 Exclusion of policies w/ unknown sex 502,467,654 503,987,740 554,213,678 565,283,211 

7 Exclusion of policies w/ termination  
year different from study year 

502,467,654 503,987,740 554,213,678 565,283,211 

8 Exclusion of a terminated policy w/o  
termination date or duration 

502,467,654 503,987,740 554,213,678 565,283,211 
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Face Amount (/$1,000) Study year   
# Description 2001-2002 2002-2003 2003-2004 Total 
1 Initial databases 619,167,446 746,208,217 764,886,860 4,313,159,474 
2 Exclusion of joint life policies 597,170,354 710,548,412 729,670,388 4,166,079,294 
3 Exclusion of policy w/ FA>$50M 597,059,754 710,458,112 729,670,388 4,165,452,094 
4 Exclusion of policies w/ FA<$100 597,059 310 710,457 688 729,669,980 4,165,449,509 

5 Exclusion of policies with method 
different from Last and Near Age 

597,059,310 708,887,967 729,660,539 4,162,058,028 

6 Exclusion of policies w/ unknown sex 596,927,966 708,743,832 729,658,405 4,161,282,486 

7 Exclusion of policies w/ termination year 
different from study year 

596,927,966 708,743,691 729,658,051 4,161,281,991 

8 Exclusion of a terminated policy w/o  
termination date or duration 

596,927,966 708,743,686 729,658,051 4,161,281,986 

 

  Table 2: Reconciliation of data by number of records       
Number of records Study Year     

# Description 1997-1998 1998-1999 1999-2000 2000-2001 
1 Initial databases 8,504,467 8,210,867 8,801,813 8,622,003 
2 Exclusion of joint life policies 8,450,926 8,154,100 8,722,807 8,532,526 
3 Exclusion of policy w/ FA>$50M 8,450,925 8,154,099 8,722,806 8,532,525 
4 Exclusion of policies w/ FA<$100 8,446,427 8,149,923 8,707,962 8,517,470 

5 Exclusion of policies w/ unknown method 
(different from Last and Near Age) 

8,446,427 8,149,923 8,707,962 8,498,087 

6 Exclusion of policies w/ unknown sex 8,411,582 8,121,868 8,703,436 8,495,956 

7 Exclusion of policies w/ termination year  
different from study year 

8,411,582 8,121,868 8,703,436 8,495,956 

8 Exclusion of a terminated policy w/o  
termination date nor termination duration 

8,411,582 8,121,868 8,703,436 8,495,956 
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Number of records Study Year     
# Description 2001-2002 2002-2003 2003-2004 Total 
1 Initial databases 8,454,895 8,919,229 8,558,959 60,072,233 
2 Exclusion of joint life policies 8,356,695 8,779,175 8,419,239 59,415,468 
3 Exclusion of policy w/ FA>$50M 8,356,694 8,779,174 8,419,239 59,415,462 
4 Exclusion of policies w/ FA<$100 8,342,246 8,765,533 8,406,117 59,335,678 

5 Exclusion of policies w/ unknown method 
(different from Last and Near Age) 

8,342,246 8,749,334 8,405,854 59,299,833 

6 Exclusion of policies w/ unknown sex 8,341,361 8,748,581 8,405,791 59,228,575 

7 Exclusion of policies w/ termination year  
different from study year 

8,341,361 8,748,574 8,405,787 59,228,564 

8 Exclusion of a terminated policy w/o  
termination date nor termination duration 

8,341,361 8,748,573 8,405,787 59,228,563 

 

Please note that for Tables 1 and 2, the tests are cumulative. For tests #2 to #7, only the 
difference with the previous test is shown. 
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