
Actuarial Models: example sheet 10

*=easy, **=intermediate, ***=difficult

* Exercise 10.1

An investigation took place into the mortality of pensioners. The investigation began on 1st
Jan 2003 and ended on 1st Jan 2004. Table 1 gives the data collected in this investigation
for 8 independent lives. The censoring date is the date at which the observation of the
individual was stopped.

Date of birth Date of entry Censoring died during
into observation date observation period date of death

1 April 1932 1 Jan 2003 1 Jan 2004 no -
1 Oct 1932 1 Jan 2003 1 Jan 2004 no -
1 Nov 1932 1 March 2003 1 Jan 2004 yes 1 Sept 2003
1 Jan 1933 1 March 2003 1 Jan 2004 yes 1 June 2003
1 Jan 1933 1 June 2003 1 Sept 2003 no -
1 March 1933 1 Sept 2003 1 Jan 2004 no -
1 June 1933 1 Jan 2003 1 Jan 2004 no -
1 Oct 1933 1 June 2003 1 Jan 2004 no -

Table 1: Table corresponding to Exercise 10.1.

(a) Find the maximum likelihood estimate of the force of mortality (per year) correspond-
ing to the rate interval [70, 71] under the Poisson model.

(b) What is, as a function of the unknown force of mortality, the expectation and variance
of the number of deaths aged 70 last birthday in the Poisson model?

(c) By using the maximum likelihood estimate in part (a), find a sensible estimate for
both the expectation and the variance of the number of deaths aged 70 last birthday
in the Poisson model.
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** Exercise 10.2

A life office has carried out an investigation of the mortality experience of a certain subset
of their policyholders. Part of the data is given below. Here the census data consists

Census data Total deaths
Age 31/12/1995 30/6/1996 31/12/96 30/6/97 31/12/97
50 5451 4420 4515 4773 5934 70
51 6002 5722 5534 4631 4428 76
52 5789 6121 6087 5322 5172 83

Table 2: Table corresponding to Exercise 10.2.

of the number of people observed to be alive at the corresponding date and age and the
death data consists of the total number of deaths at the corresponding age over the period
from 31/12/1995 until 31/12/1997. The definition of age for the census data is age nearest
birthday and the definition of age for those who died is age next birthday.

(a) Suppose first that only the census data from 31/12/95, 31/12/96 and 31/12/97 are
available. Estimate the force of mortality corresponding to the rate interval [50, 51]
by using the census approximation.

(b) Suppose now that the census data from 30/6/96 and 30/6/97 are also considered.
Using this information, re-estimate the force of mortality corresponding to the rate
interval [50, 51].

(c) Assume now that the definition of age for the census data is age last birthday. Re-
estimate the force of mortality corresponding to the rate interval [50, 51].

* Exercise 10.3

Describe what the differences are between the type of data that is provided in Exercise 10.1
and the type of data provided in Exercise 10.2. Which of the 2 types of data allows one
to get a more accurate estimate of the force of mortality? Which of the 2 types of data
is more likely to be obtained when one wants to estimate the force of mortality of a large
population?
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