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Chapter 1 
 

Introduction and Outline 
 
 
Individual persons, companies and other entities are exposed to several risks that potentially can 
lead to undesirable financial consequences. For example, for an individual person it could be 
damage to a car, property damage, living longer or shorter than expected, expenses related to 
health and several other risks. Companies could be exposed to, amongst others, a liability claim, 
a company building on fire, damage to the products and disabled employees. These risks can be 
transferred by buying an insurance policy at an insurance company. In exchange for this the 
insurance company receives a premium from the policyholder. The insurance company pools the 
risks so that the results on the individual policies compensate each other. 
 
As a result of writing insurance business for decennia, most insurers have to pay considerable 
amounts in the future to their policyholders. The company holds a reserve to cover for this, 
which is based on a valuation of these future insurance liabilities. Besides this, the insurance 
company is exposed to several risks, for which it holds additional capital. As such, valuation of 
insurance liabilities and measuring and managing the risks are two major building blocks for 
running an insurance company successfully. This thesis is a combination of papers on several 
issues related to valuation and risk management for insurers.  
 
In the remainder of this chapter some more background is given on valuation and risk 
management for insurers, followed by an outline and discussion of the research presented in this 
thesis.  
 

1.1 Valuation and Risk Management for Insurers 
 
At this moment, most insurers are reporting their liabilities on a ‘book value’ basis, where the 
economic assumptions are often not directly linked to the financial market. Furthermore, 
regulators require additional (solvency) capital to be held by insurers which is a fixed percentage 
of the reserve, premiums or claims and thus not based on the actual risks of the insurer. However, 
in recent years there has been an increasing amount of attention of the insurance industry for 
market valuation of insurance liabilities and the quantification of insurance risks. Important 
drivers of this development are the introduction of IFRS 4 Phase 2 and Solvency 2. 
 
With the introduction of Solvency 2 and IFRS 4 Phase 2 (both expected in 2013) insurers face 
major challenges. IFRS 4 Phase 2 will define a new accounting model for insurance contracts, 
based on market values of liabilities. In the document ‘Preliminary Views on Insurance 



 2

Contracts’ (May 2007, discussion paper) the International Accounting Standards Board (IASB) 
states that an insurer should base the measurement of all its insurance liabilities (for reserving) 
on best estimates of the contractual cash flows, discounted with current market discount rates. 
On top of this, margins that market participants are expected to require for bearing risk should be 
added to this. The IASB is currently further developing the standards, of which a consultation 
paper will appear in 2010.  
 
Solvency 2 will lead to a change in the regulatory required solvency capital for insurers. Under 
Solvency 2 the so-called Solvency Capital Requirement (SCR) will be risk-based, and market 
values of assets and liabilities will be the basis for these calculations. The directive1 of Solvency 
2 prescribes that the reserve “... shall be equal to the sum of the best estimate and a risk 
margin…” and that “the best estimate will correspond to the probability-weighted average of 
future cash-flows, taking account of the time value of money, using the relevant risk-free interest 
rate term structure”. Furthermore, it states that “the calculation of the best estimate shall be 
based upon up-to-date and credible information and realistic assumptions, and be performed 
using adequate, applicable and relevant actuarial and statistical methods”. 
 
The SCR aims to reflect all of the risks an insurance company is exposed to: market risk, 
operational risk, life underwriting risk, health underwriting risk, non-life underwriting risk, 
counterparty default risk and intangible asset risk. CEIOPS2, the advising committee of the 
European Commission on Solvency 2, has developed a standard formula that leads to a required 
solvency margin that is aimed at covering all risks over a one-year horizon with a probability of 
99,5%. However, insurance companies are encouraged to develop their own internal models to 
reflect the specific risks of the company more accurately.    
 
Given the above, it is clear that the measurement of future cash flows and its uncertainty thus 
becomes more and more important. 
 

1.2 Outline 
 
This thesis consists of a collection of papers that each tackle a specific issue in valuation or risk 
management for insurers. First chapter 2 will cover some general concepts that are used 
throughout the thesis, mainly relating to stochastic processes of some kind.  
 
Life insurance products often have profit sharing features in combination with guarantees. 
Valuation of these so-called embedded options is one of the key challenges in market valuation 
of the insurance liabilities. Chapter 3 and 4 are both covering the valuation of specific embedded 
options. In chapter 3 analytical approximations for prices of swap rate dependent embedded 
options are developed. These options are very common in products of European insurers. 
Chapter 4 covers the valuation of Guaranteed Annuity Options, which have been written by U.K. 
insurance companies for many years. The valuation of embedded options is not only a valuation 
issue, it is also an important aspect in risk management. After all, the risk of variations in the 

                                                 
1 See ‘Directive of the European parliament and of the council on the taking-up and pursuit of the business of 
insurance and re-insurance (Solvency 2)’ of the European parliament. 
2 Committee of European Insurance and Occupational Pensions Supervisors 
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prices of embedded options is a risk element that has to be managed by the insurance company, 
for example by hedging this risk exposure. 
 
Important risks to be quantified for Life insurers (and pension funds) are mortality and longevity 
risk. Chapter 5 and 6 will both cover different aspect in quantifying these risks. Chapter 5 will 
introduce a new stochastic mortality model for the population of a country. Chapter 6 will focus 
on another stochastic model that is the missing link to come to a full stochastic mortality model 
for specific insurance portfolios. The latter also gives the opportunity to quantify the basis risk 
that is involved when insurance portfolios are hedged with instruments of which the payoff 
depends on country population mortality rates. 
 
The other underwriting risks, related to the health and non-life business, are treated in chapter 7. 
Usually, reserving and risk management for this business is based on actuarial techniques that 
are applied to aggregated data. This chapter describes a new stochastic reserving technique on 
the level of individual claims (micro-level). 
 
The remainder of this chapter contains a short introduction on the subjects covered in the 
different chapters. 

1.2.1  Chapter 3: Valuation of Swap Rate Dependent Embedded Options 

Many life insurance products have profit sharing features in combination with guarantees. These 
so-called embedded options are often dependent on or approximated by forward swap rates. In 
practice, these kinds of options are mostly valued by Monte Carlo simulation, a computer 
intensive calculation technique. However, for risk management calculations and reporting 
processes, lots of valuations are needed.  Therefore a more efficient method to value these 
options would be helpful.  
 
In this chapter analytical approximations are derived for these kinds of options. The analytical 
approximation for options where profit sharing is paid directly is almost exact while the 
approximation for compounding profit sharing options is also satisfactory. In addition, the 
proposed analytical approximation can be used as a control variate in Monte Carlo valuation of 
options for which no analytical approximation is available, such as similar options with 
management actions. This considerately speeds up the calculation process for these options. 
Furthermore, it’s also possible to construct analytical approximations when returns on additional 
assets (such as equities) are part of the profit sharing rate. 

1.2.2  Chapter 4: Valuation of Guaranteed Annuity Options using a Stochastic Volatility 
Model for Equity Prices 

Guaranteed Annuity Options are options providing the right to convert a policyholder’s 
accumulated funds to a life annuity at a fixed rate when the policy matures. These options were a 
common feature in UK retirement savings contracts issued in the 1970’s and 1980’s when 
interest rates were high, but caused problems for insurers as the interest rates began to fall in the 
1990’s. Currently, these options are frequently sold in the U.S. and Japan as part of variable 
annuity products.  
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The last decade the literature on pricing and risk management of these options evolved. Until 
now, for pricing these options generally a process for equity prices is assumed where volatility is 
constant. However, given the long maturities of the insurance contracts a stochastic volatility 
model for equity prices would be more suitable. In this chapter explicit expressions are derived 
for prices of guaranteed annuity options assuming stochastic volatility for equity prices and 
either a 1-factor or 2-factor Gaussian interest rate model. The results indicate that the impact of 
ignoring stochastic volatility can be significant. 

1.2.3  Chapter 5: On stochastic mortality modeling 

The last decennium a vast literature on stochastic mortality models has been developed, mainly 
for use in risk management. All well known models have nice features but also disadvantages. In 
this chapter a stochastic mortality model is proposed that aims at combining the nice features 
from existing models, while eliminating the disadvantages. More specifically, the model fits 
historical data very well, is applicable to a full age range, captures the cohort effect, has a non-
trivial (but not too complex) correlation structure and has no robustness problems, while the 
structure of the model remains relatively simple. Also, the chapter describes how to incorporate 
parameter uncertainty in the model. Furthermore, a version of the model is given that can be used 
for pricing. 

1.2.4  Chapter 6: Stochastic portfolio specific mortality and the quantification of mortality 
basis risk 

Chapter 5 will describe several stochastic mortality models that have been developed over time, 
usually applied to mortality rates of a country population.  However, these models are often not 
directly applicable to insurance portfolios because:  
a) For insurers and pension funds it is more relevant to model mortality rates measured in 

insured amounts instead of measured in number of policies. 
b)  Often there is not enough insurance portfolio specific mortality data available to fit such 

stochastic mortality models reliably.  
Therefore, in this chapter a stochastic model is proposed for portfolio specific mortality 
experience. Combining this stochastic process with a stochastic country population mortality 
process leads to stochastic portfolio specific mortality rates, measured in insured amounts. The 
proposed stochastic process is applied to two insurance portfolios, and the impact on the height 
of the longevity risk is quantified. Furthermore, the model can be used to quantify the basis risk 
that remains when hedging portfolio specific mortality risk with instruments of which the payoff 
depends on population mortality rates. 

1.2.5  Chapter 7: Micro-level stochastic loss reserving 

The last decennium also a substantial literature about stochastic loss reserving for the non-life 
insurance business has been developed. Apart from few exceptions, all of these papers are based 
on data aggregated in run-off triangles. However, such an aggregate data set is a summary of an 
underlying, much more detailed data based that is available to the insurance company. This data 
set at individual claim level as will be referred to as ‘micro-level data’. In this chapter it is 
investigated whether the use of such micro-level claim data can improve the reserving process. A 
realistic micro-level data set on general liability claims (material and injury) from a European 
insurance company is modeled. Stochastic processes are specified for the various aspects 
involved in the development of a claim: the time of occurrence, the delay between occurrence 
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and the time of reporting to the company, the occurrence of payments and their size and the final 
settlement of the claim. These processes are calibrated to the historical individual data of the 
portfolio and used for the projection of future claims. Through an out-of-sample prediction 
exercise it is shown that the micro-level approach provides the actuary with detailed and valuable 
reserve calculations. A comparison with results from traditional actuarial reserving techniques is 
included. For our case-study reserve calculations based on the micro-level model are preferable: 
compared to traditional methods, they reflect real outcomes in a more realistic way. 
 
 
 
 
 
 
 




