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MORTALITY TABLES GIVING THE 
SAME POLICY VALUES 

BY G. V. BAYLEY, F.I.A. 

Assistant Actuary, The Equitable Life Assurance Society 

IN a translated note entitled Mortality Tables giving the same Policy values, 
[J.I.A. LXII, 109 (1931)] Dr S. Dumas investigates the conditions which must 
be satisfied if different mortality tables are to produce identical policy values. 
A number of theorems are deduced including the well-known one: 

The necessary and sufficient condition in order that two mortality tables shall give 
the same whole-life policy values is that the values of qx satisfy the relation 

In the last section of the note he investigates continuous policy values and 
his last theorem states: 

When the continuous method is used, it is impossible to find two mortality tables 
producing the same policy values either for whole life or endowment assurances. 

This theorem is not, I think, correct. The question came to light in the course 
of preparation of the new text-books and it was suggested that the subject was 
worth investigation. When the continuous method is used it is in fact possible 
to find two mortality tables giving the same policy values for whole-life 
assurances.* Dr Dumas’s conclusion in the case of endowment assurances is 
valid if qualified by the condition that the ‘special’ force of mortality is finite 
throughout the duration of the assurance. 

His argument commences with the formula 

and he continues: 

In order that two tables 1 and 11 may produce the same policy values it is necessary 
that 

(A) 

and so (B) 

This integral cannot be identically zero unless we have for all values of t 

(22) 

* See for example Simonsen, W. (1948). On changes in policy values caused by 
alterations in the basis of valuation. Proceedings of the Institute of Actuaries Centenary 
Assembly, vol. 11, p. 195. 
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and in particular 

whence 
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(23) 

Conditions (22) and (23) are compatible only when k is zero, that is to say when the 
two mortality tables are identical. 

Condition (22) is a non-sequitur. In order that policy values shall be equal, 
the necessary condition which follows from the equations (A) is that 

for all values of n. 
It follows that the first derivative of this expression must also be zero for all 

values of n, so that 

(C) 

and hence 

for all values of n. 
It is not correct simply to equate to zero the integrand of expression B for 

all values of t. The definite integral is a function of the variable n and must be 
differentiated with respect to n before being equated to zero. 

If is to remain finite when n = m, expression C will be true only provided 
k = o and hence, from D, = for o n m, a conclusion also reached by 
Simonsen.* On the other hand, if no restriction is placed upon expression 
D gives the necessary and sufficient condition for equal policy values. In this 
case, the special mortality basis assumes that µ is infinite at the maturity age and 
therefore that there are no survivors to the end of the term of the assurance. 
However, the really heavy mortality appears only at the limit of the term as the 
numerical example below shows. Since condition D has transformed what was 
formerly an endowment assurance into a whole-life assurance, Dr Dumas’s 
theorem is, in a sense, correct : it is not possible to find two different mortality 
tables giving the same endowment assurance policy values, when the continuous 
method is used. 

For whole-life assurances the necessary and sufficient condition is given by 
an obvious modification of expression C. There is no special requirement in 
this case for making k zero so that alternative mortality tables may be found 
which give identical policy values. 

A numerical example is shown below using English Life Table No. 8 (Males) 
3% for a ten-year endowment assurance commencing at age 40. 

The table shows values of which have been calculated by constructing 
the special mortality table (11) from the relation 

The result is shown in col. (9) and may be compared with 

in col. (10). 
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