
FAIR VALUATION OF VARIOUS PARTICIPATION SCHEMES
IN LIFE INSURANCE

BY

PIERRE DEVOLDER AND INMACULADA DOMÍNGUEZ-FABIÁN

ABSTRACT

Fair valuation is becoming a major concern for actuaries, especially in the per-
spective of IAS norms. One of the key aspects in this context is the simulta-
neous analysis of assets and liabilities in any sound actuarial valuation. The
aim of this paper is to illustrate these concepts, by comparing three common
ways of giving bonus in life insurance with profit: reversionary, cash or terminal.
For each participation scheme, we compute the fair value of the contract taking
into account liability parameters (guaranteed interest rate and participation
level) as well as asset parameters (market conditions and investment strategy).
We find some equilibrium conditions between all those coefficients and com-
pare, from an analytical and numerical point of view, the systems of bonus.
Developments are made first in the classical binomial model and then extended
in a Black and Scholes economy.
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1. INTRODUCTION

If for a long time life insurance could have been considered as a “sleeping beauty”,
things have changed dramatically as well from a theoretical point of view as
from industrial concerns. Nowadays, the financial risks involved in life insurance
products are surely amongst the most important challenges for actuaries. The need
to update our actuarial background taking into account the real financial world
has been recently emphasized by Hans Bühlman in a recent editorial in ASTIN
BULLETIN (Bühlman (2002)). The classical way of handling financial revenues
in life insurance was characterized by two assumptions: stationarity of the
market (no term structure of interest rate) and absence of uncertainty (deter-
ministic approach); all this leading to the famous actuarial paradigm of the
technical guaranteed rate: all the future was summarized in one magic num-
ber. Clearly things are not so simple and life insurance is a perfect example of
stochastic process (even more than non life); the two dimensions of time and
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not in equilibrium. Indeed using respectively formulas (49) and (50), the fair
values can be written as follows:

– in the reversionary case:
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– in the cash case :
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which have exactly the same form as in the binomial case. So the same con-
clusion can be drawn.

9. CONCLUSION

In this paper, we have developed various formulations in order to compare the
fair value for life insurance products based on three participation schemes:
reversionary, cash and terminal bonus, taking into account simultaneously the
asset side and the liability side in a multiple period model.

We have shown that the fair value depends on the investment strategy (and
on the associated risk), on the participation level and on the guaranteed rate
but also on the bonus system chosen. We have found some explicit equilibrium
conditions between all these parameters.

A deep comparison has been made between the three participation schemes,
as well in terms of computation of the fair value as in the equilibrium condi-
tions. Using first a binomial model, we have obtained closed forms and given
clear interpretations on the link between the market conditions, the volatility
of the assets and the parameters of the product. A same approach, leading to
similar conclusions, has been proposed in a time continuous model. The model
could be also extended in order to take into account other aspects like surrender
options, periodical premiums or the longevity risk.
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