
1. Introduction 

 

Recently, unit-linked insurance (unit-linked, variable life, or segregated fund) has 

become very popular in the Taiwan insurance market. In the United Kingdom, 

unit-linked insurance rose in popularity in the late 1960s. In the United States, 

variable life insurance started in the 1980s, while in Canada segregated fund contracts 

became popular in the late 1990s. The functions of unit-linked insurance are to 

provide the insured both the life protection and investment opportunity. The insurer 

invests the premiums received less deductions in a separate fund. The investment 

component of unit-linked insurance is similar to mutual funds. Thus, in order to 

compete with mutual funds, it is common for the insurer to design guaranteed benefits 

on unit-linked products. There are several categories of guaranteed benefits, such as 

guaranteed minimum maturity benefit, guaranteed minimum death benefit and 

guaranteed minimum surrender benefit.       

However, these guarantees are financial guarantees and cannot be treated with 

traditional deterministic actuarial approaches, which emphasize the law of large 

numbers and rely on diversification. The guaranteed risk on unit-linked is 

non-diversifiable. In other words, in the event of a highly adverse investment 

performance, the insurer may require additional funds to cover the guarantee at the 

same time. 

In last few years, many researchers started paying attention in the risk management 

to financial guarantees with unit-linked policies. In general, there are three main risk 

management methods. First, there is the traditional actuarial reserving method 

whereby the insurer sets aside additional capital to ensure that the liabilities under the 

guarantee will be covered with a high probability. The second approach is to reinsure 

the liability under the guarantee. The third approach is to hedge the guarantee liability. 

  



Maturity guarantees working party (1980) and Boyle and Hardy (1997) used the 

stochastic simulation method to calculate the prudent reserves for maturity guaranteed 

for equity-linked contracts. Brennan and Schwartz (1976), Boyle and Schwartz (1997), 

and Boyle and Hardy (1997) have applied financial economics theory to calculate the 

value of the maturity guarantee. Hardy (2000) makes comparisons of the three risk 

management methods for maturity guarantee with segregated fund contracts using 

cash flow testing. Persson and Aase (1997) presented a model for the valuation of life 

insurance contracts including a guaranteed minimum return. Grosen and Jørgensen 

(2000) presented a dynamic model for valuing such guarantees with participating 

policies based on the well-developed theory of contingent claim valuation. They 

decomposed the guaranteed liability into a risk-free bond, a bonus, and a surrender 

option. Miltersen and Persson (1999) priced rate of return guarantees in a 

Health-Jarrow-Merton Framework. Hansen and Miltersen (2001) studied the 

minimum rate of return guarantees for the Danish case. They analysed the guarantees 

for life insurance contracts and pension plans with a smoothing surplus distribution 

mechanism. 

  In addition, there were some literatures about guaranteed annuity options recently. 

Yang (2001) and Wilkie, Waters and Yang (2003) investigated the GAO using the 

actuarial approach and the hedging approach. The market information for both 

approaches is based on the Wilkie investment model (Wilkie, 1984 and 1995). Pelsser 

(2002) analysed a static hedging strategy based on buying long-dated receiver 

swaptions. Boyle and Hardy (2003) explored the pricing and risk management of 

these guarantees. 

The main purpose of this paper is to investigate how the policyholder should be 

charged for the capital supporting the guarantees. Currently, there is no clear method 

to charge for guaranteed risk. Wilkie（1978）showed a way to charge for maturity 

  



guarantees, which was the expected claim costs plus h of the money put up by the 

shareholders per year. The shareholders hope to earn an extra h per annum more on 

their invested funds than they will earn from the normal investment proceeds. Hare et 

al. (2000) priced with-profits guarantees with traditional actuarial reserving method 

and then used the hedging method to provide a similar level of security. The range of 

policy process resulting from the two methods was compared. Wilkie, Waters and 

Yang (2003) calculated the charges for the policies with guaranteed annuity options.  

In this paper, we propose a framework to charge for guarantees based on the cash 

flow projection. We assume the policyholder should be charged a fixed percentage of 

fund value in order to compensate the shareholders for setting additional capital for 

the guarantee risk. The charge is determined by two criteria of meeting the company’s 

target internal rate of return and reserving standard simultaneously. Internal rate of 

return is one of the profit measures used by life insurance companies. In order to 

assess the internal rate of return, we model the cash flow for unit-linked contracts by 

means of simulation. In the cash flow model, we incorporate the reserves required for 

guaranteed risk. Thus, the cash flows emerging each year from a given contract are 

estimated. Hardy（2000）used cash-flow analysis to assess which risk management 

methods in dealing with maturity guarantee is most profitable.  

The rest of the paper is organized as follows. In section 2 the profit testing of 

unit-linked contracts are described. We depict the general cash flow notion of a 

unit-linked contract. In section 3 we introduce the framework and the procedure that 

we estimate the reasonable management charge rates. In section 4 we give a 

numerical example. Based on this example, the sensitivity of the charging rates to 

assumptions regarding the investment return rates of the sterling fund, the cost of 

capital (that is the projected IRR) and the term of policy period are discussed in 

section 5. Section 6 provides a summary and conclusion. 

  


