
3. A framework of charging for Unit-linked contracts when 

considering guaranteed risk 

 

In this section, we will introduce the framework and the process that we estimate 

the reasonable management charge rates,  and . In this paper, we assume that 

the fund management charge rate is a fixed proportion of the unit fund each year. (The 

right-lower label  is deleted from  and  hereafter) We take the charge rate 

in the form of a fixed proportion of unit-linked fund because it is the most popular 

manner both in practice and theory. However, in our framework, other types of charge 

rates are also feasible.  
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The charge is determined by two criteria of meeting the target internal rate of return 

and reserving standard simultaneously. We will describe the criteria as follows. 

 

3.1 Optimal charging criteria 

 

3.1.1 Criteria one 

We set up that the expectation of simulated NPV equals zero using IRR=j as our 

first criteria, i.e. ( )E NPV =0 under discounting rate equals j. The relationships of 

management charge（km）and guarantee charge（h）with ( )E NPV are shown in Figure 

1 separately. The left graph shows the higher the rate the higher the expectation of 

NPV. It is very intuitive. The right graph shows the relationship between  and 

km

h

( )E NPV  given a constant charging rate . In general, the charging rate of h 

increases as the E(NPV). However, as the company becomes involved in the 

guaranteed risk, the E(NPV) might decrease later on.  
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Figure 1. The relationships between ( )E NPV ,  and h . (Assume discount rate 

equals to 0.12.)  
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3.1.2 Criteria two 

We set up our second criteria so that the guarantee charge and the capital support 

can meet out reserving standard in each period. For a unit-linked policy that doesn’t 

offer any guarantee, the future investment experience involves no risk to the insurer, 

which merely acts as a steward of the common funds. In this case, since there is no 

liability due to the policy, no reserves need to be set. However, for a unit-linked 

contract that offers guarantees, many researches （MGWP（1980）, Boyle and Hardy

（1997））have showed that there is a need for the insurance company to set up 

reserves. Boyle and Hardy（1997）and Hardy（2000）used quantile risk measure to set 

up reserves for guarantee. The concept of quantile reserves is that setting up the 



reserves under the required probability of having sufficient funds to meet the cost of 

the guarantee. In their work, they calculated the reserves for a single premium 

contract with guaranteed minimum maturity benefit. They ignored mortality and the 

management charges of guarantee in their research. In terms of our notation, their 

methodology can be written in equation (1).  
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In this research we extend Hardy（2000）’s methodology of reserving to build up a 

framework that can provide optimal charges for the insurance contracts that offer 

guarantees. In this framework, we consider mortality but in a deterministic 

environment. We can also incorporate a stochastic mortality model in our framework. 

However, the effect of the variability of future mortality is not investigated here. 

 When considering mortality rates, the reserving methodology is shown in the 

following. The first reserving standard p1 and second reserving standard p2 are shown 

in equation (2) and (3) separately.   
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where  is the first reserving standard.  1p

 

The reserving standard  is used to control the reserves, such that (  ) will 

be sufficient to meet the guaranteed cost plus the required reserving at the end of each 

year  with the given probability . If the investment returns are favorable, the 

insurer could release reserves, otherwise more capital should be added. Thus the 

reserving standard  would always be met during each period of the contract in our 
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framework. 

  We use a second standard, , such that with probability  the insurer will 

receive at least the management charges assumed. That is, we use the  

percentile of the possible guarantee charges in the year , denoted by 

2p 2p

2100(1 )p−

t 2 ( )pM t , to 

estimate the required reserves. In this framework, we assume  and  are both in 

the form of a percentage of the accumulated unit funds. We project unit funds using 

simulation. The charges in each simulation are different according to the simulated 

unit fund. While the investment scenarios of each funds have been projected and the 

management charge rate has been given, all the 
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2( ) ( )pM t  of each  can be 

computed and then the required reserves can be derived form the policy year  back 

to the policy year 1.  
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In our framework, we first simulate the future investment return rate,  and ,u ti ,s ti . 

Then, the distribution of ( )M t  at different time  can be Figured out and then the t

2( ) ( )pM t , by given a specific  and . In this research, we investigate 

unit-linked contracts with maturity guarantees. The framework for this type of 

guarantee is described more detail in the following. The insurer needs to hold the 

amount of the reserves  at the start of the last policy year such that  
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This implies that the necessary reserves need to be kept at the beginning of the 

policy year , under the reserving standard  and  is at least  n 1p 2p
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where the right upper symbol  means the  percentile of the 

distribution of 
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. Similar with the last year of the policy 



period,  under  and  must satisfied  *
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3.2 The procedure of our framework 

 

In our framework, we use the Wilkie investment model to generate a number of 

scenarios, each considered equally likely. The unit fund value, the cost of the 

guarantee can be estimated under each scenario. The distribution of the simulated 

values of NPV can be obtained. According to the two criteria, we can estimate the 

charge for the policy without guarantee first. Then, we use this information to derive 

the charge for the policy with guarantee. In order to make sure that the insurance 

company can meet their guarantee liability, we work out the charge in reverse. The 

steps to search for the optimal charge are described in Figure 2. 

 



Step1. Determining the actuarial assumptions and the contract 

content; including expenses, mortality rates, guarantee type,

… etc.  And Setting Criteria I (IRR=j) and Criteria II

Step2. Sim ulate the future investm ent scenarios

Step3. Obtain the charge (km) for no guarantee case

Step4. Given the results in Step 3, obtain the charge (h) for

guarantee case.      

The process of searching the charging rates

 
Figure 2. The procedure of searching the fund management charge rates. 

 

We use backward method to find the charge for unit-linked contracts in this 

research. The idea is different than the traditional actuarial technique to price for 

traditional life insurance policy as shown in Figure 3. For a traditional life contract, 

while the mortality rates, the lapse rates, the projected interest rates and the expenses 

assumptions are determined; the net premiums under the equivalence principle can be 

derived. As the loading assumptions are added in, one knows the gross premiums and 

the projected profitability. In the process of deciding the final premiums, an actuary 

may consider the market competing ability and the market acceptability of the prices, 

the reasonableness and the sensitivities between the assumptions and the profit 

abilities, and then determine a conclusive premium.  

  For unit-linked policies, an actuary might measure the charges (  and ) 

through the traditional actuarial technique. The assumptions to price a unit-linked 

policy, such as mortality rates, the expenses, the investment return rates of the unit 

fund, the investment return rates of sterling fund, and the management charge rate, 

can be settled in advance. The projected profitability can de derived. However, the 

main differences between the traditional life policy and the unit-linked policy are the 
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assumptions of future investment return rates. The future dynamics of the rates of 

investment return cannot be predicted deterministically. Thus, in our framework, we 

incorporate an investment model to predict the rates of future investment return 

stochastically.   
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Figure 3. The general pricing flow chart of the traditional life policy and the 

unit-linked policy 

 


