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Scope of the study

This technical note summarizes the methodology followed to build:

1. The general population life tables BMG0406 (males) and BFG0406 (females) for Bel-
gium, calendar years 2004-2006, ages 0-125.

2. Mortality reduction factors to account for future improvements in longevity.

3. Corrections for adverse selection based on mortality statistics available from the Bank-
ing, Finance and Insurance Commission (BFIC).

The approach to get the BMG0406-BFG0406 life tables can be summarized as follows:

1. The one-year death probabilities corresponding to the triannual life table 2004-2006
available from Statistics Belgium are first smoothed by Gaussian local regression with
age as explanatory variable on the logit scale.

2. The resulting smoothed one-year death probabilities are then extrapolated to the oldest
ages by constrained log-quadratic regression on age.

The resulting series of one-year death probabilities are provided in the excel file Reacfin
Belgian mortality browse through “BMG & BFG 0406”.
The procedure to obtain the mortality reduction factors can be summarized as follows:

1. Federal Planning Bureau (FPB) one-year death probabilities are analyzed for calendar
years 1948,1949, ..., 2006.

2. The mortality surface is smoothed and completed up to age 125.

3. A variant of the Lee-Carter model (close in spirit to the FPB approach for producing
projected life tables) is fitted to the resulting mortality surface, using the BMG0406
and BFG0406 life tables to achieve bias correction.

4. The optimal fitting period is determined.

The results are displayed as sets of age-gender specific annual mortality reduction factors
provided in the excel file Reacfin Belgian mortality, browse through “BMG_RF & BFG_RF”.
These mortality reduction factors have to be applied to the BMG0406 and BFG0406 life
tables in order to generate projected life tables.

Finally, this technical note explains the construction of life tables accounting for the
adverse selection existing in the Belgian insurance market, based on mortality statistics
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available from the Banking, Finance and Insurance Commission (BFIC) for the calendar
years 2002-2006. Considering the difficulties in assessing the degree of adverse selection,
because of the heterogeneity in the data collected by BFIC, we compared three different
approaches:

1. Period life tables BFIC0206 specific to the insurance market are constructed, separately
for males and females, and by type of product.

2. Adverse selection coefficients are estimated, in order to adjust the general population
BMG0406-BFG0406 death rates.

3. Age shifts to define a technical age are determined with respect to the BMGO0406-
BFG0406 life tables.

The results obtained from these three different approaches are compared. In all of the
cases, the life expectancies closely agree with observed ones. Life tables for the Belgian
insurance market are provided in the excel file Reacfin Belgian mortality.xls, browse “Adv.
Sel. Coeff.” (male/female policyholders, individual /group policy, survival/death benefits).

For more information about the technique used in this technical note, we refer the reader
to the books by DELWARDE & DENUIT (2005) and PITACCO ET AL. (2008).

ReacFin SA is a spin-off of the Université Catholique de Louvain, Louvain-la-Neuve, Belgium,
created in January 2004. Reacfin aims to provide actuarial solutions to the problems faced
by financial institutions, as well as training to the modern actuarial methods.
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Chapter 1

Introduction

Nowadays, mortality improvements and the threat of pandemics pose fascinating challenges
for actuaries. This is particularly true for life annuities, a product that becomes essential in
Western European aging societies, but also for the large majority of life insurance products.
In this work, we purpose to measure and project mortality with the final aim to design
effective strategies to manage life insurance risks.

In its classical form, the life table is a decreasing sequence of integer numbers, Iy, l1, ..., 1.
The generic item [, refers to the integer age x and represents the estimated number of people
alive at that age in a properly defined population (from an initial group of Iy individuals
aged 0). The age w is the ultimate (or limiting) age.

Life table analyses are based upon an analytical framework in which death is viewed
as an event whose occurrence is probabilistic in nature. Life tables create a hypothetical
cohort (or group) of, say, 100,000 persons at age 0 (usually of males and females separately)
and subject it to age-gender-specific annual death probabilities (the number of deaths per
100,000 persons of a given age and gender) observed in a given population. Consequently,
researchers can trace how the 100,000 hypothetical persons (called a synthetic cohort) would
shrink due to deaths as the group ages.

There are two basic types of life tables: period life tables and cohort life tables.

A period life table represents the mortality experience of a population during a relatively
short period of time, usually between one and three years. Life tables based on population
data are generally constructed as period life tables because death and population data are
most readily available on a time period basis.

As is well known, statistical evidence shows that human mortality, in many countries,
has declined over the 20th century, and in particular over its last decades (see Chapter 3
in PITACCO ET AL., 2008). So, the hypothesis of “static” mortality cannot be assumed
in principle, at least when long periods of time are referred to. Hence, in life insurance
applications, the use of period life tables should be restricted to products involving short
or medium durations (5 to 10 years, say), like term assurances and endowment assurances,
whilst it should be avoided when dealing with life annuities and pension plans. Conversely,
these products require life tables which allow for the anticipated future mortality trend,
namely projected tables constructed on the basis of the experienced mortality trend.

Market tables are constructed using mortality data arising from a collection of insurance
portfolios and/or pension plans. Usually, distinct tables are constructed for assurances (i.e.
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