Longevity Risk and Regular Discount Sequence

Hsin Chung Wang*
Jack C. Yue**

Presented at the Living to 100 Symposium
Orlando, Fla.
January 5-7, 2011

Copyright 2011 by the Society of Actuaries.

All rights reserved by the Society of Actuaries. Permission is granted to make brief excerpts
for a published review. Permission is also granted to make limited numbers of copies of items
in this monograph for personal, internal, classroom or other instructional use, on condition
that the foregoing copyright notice is used so as to give reasonable notice of the Society’s
copyright. This consent for free limited copying without prior consent of the Society does not
extend to making copies for general distribution, for advertising or promotional purposes, for
inclusion in new collective works or for resale.

* Assistant Professor, Department of Statistics and Actuarial Science, Aletheia University, Taipei,
Taiwan, Republic of China.

** Professor, Department of Statistics, National Chengchi University, Taipei, Taiwan, Republic of
China.



Abstract

Life expectancy for males and females in many countries has been increased significantly
since the turn of the 20™ century. The elderly are expected to have the largest mortality
improvements in the future, and the study of elderly mortality has received a lot of attention
recently. However, because there were not enough elderly data before 1990, it is still unknown
whether there is a reliable (stochastic) mortality law that can solve the problem of longevity risk.

In this study, we adapt the idea of regular discount sequence in the bandit problem, and
use it to interpret life expectancy, as well as to develop a model for survival probabilities. We
found that many frequently used mortality models, such as the Gompertz law and the Coale-
Kisker model, and famous mortality assumption (uniform distribution of death, constant force
and hyperbolic assumption) all satisfy the requirement of regular discount sequence. It seems
that the discount sequence provides another possibility for the mortality models.

We conducted an empirical analysis for the data from the Human Mortality Database,
including Japan, the United States, England and Wales, Sweden, France and Taiwan, and found
that the discount sequences of life expectancy and mortality ratio do satisfy the regularity
condition. In addition, we use the Brownian motion stochastic differential equation to model the
discount sequence to predict the future mortality rates and life expectancy. The simulation study
shows some promising results. We expect the proposed approach can provide a possibility for
predicting mortality rates for the elderly.

In insurance product pricing, Taiwan insurance companies at present use the Taiwan
Standard Ordinary Experience Mortality Table of the static approach in calculating the traditional
insurance expenses. This causes overestimating the insurance expense for life insurance products
and underestimating the risk of annuity products. We apply our proposed model, with Monte
Carlo simulation, to build the mortality confidence interval to evaluate if the current practice
adequacy in insurance companies. In addition, we also explore if there is an overestimate or
underestimate premium in different insurance products or possible natural hedging strategy.
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