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Abstract Proper pricing and risk assessment of implicit options in life insurance con-
tracts has gained substantial attention in recent years, which is reflected in a growing
literature in this field. In this article, we first present the different contract designs
in Europe and the United States and point out differences in the contract design.
Second, a comprehensive overview and description of implicit options contained in
these contracts is provided. With focus on participating contracts, we present contract
design, valuation methods, and main results of several recent articles in this field. The
study indicates that current developments regarding regulation (Solvency II, Swiss
Solvency Test), accounting (IFRS), customer needs, and secondary life insurance
markets may lead to a trend away from traditional contract design of participating
policies and toward new products that are of a more transparent modular form such
as variable annuities. These new contracts will contain fewer basic guarantees and
a set of additional, adequately priced options.

Zusammenfassung Die adäquate Bewertung und Risikomessung von impliziten Op-
tionen haben in den letzten Jahren stark an Bedeutung gewonnen. Ziel des vorlie-
genden Beitrags ist zunächst die Darstellung von Lebensversicherungsverträgen in
Europa und den USA sowie das Aufzeigen von zentralen Unterschieden. Darüber
hinaus werden ein umfassender Überblick und eine Beschreibung von impliziten Op-
tionen gegeben, die in diesen Verträgen enthalten sind. Des Weiteren werden Ver-
tragsdesign, Bewertungsmethoden und zentrale Ergebnisse von mehreren Artikeln
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vorgestellt, die sich mit traditionellen gemischten Kapitallebensversicherungsverträ-
gen befassen. Die Untersuchung zeigt, dass die Entwicklungen im Hinblick auf Re-
gulierung (Solvency II, Swiss Solvency Test), Aufsicht (IFRS), Kundenbedürfnisse
und dem Zweitmarkt für Lebensversicherungen zu einem Trend weg von traditio-
nellen Lebensversicherungsverträgen und hin zu modularen Produkten führen. Diese
haben ein transparenteres Design mit wenigen Basisgarantien und einer Auswahl an
zusätzlichen, adäquat bewerteten Optionen und Garantiebausteinen.

1 Introduction

Implicit options are a key feature in the design of life insurance products. This in-
volves guaranteed components as well as rights to modify contract conditions during
the contract term. In the past, insurers and regulators paid little attention to implicit
options and guarantees in life insurance contracts. The potential threat of mispricing,
insufficient risk management, and inappropriate accounting systems to the financial
stability of insurers became of true concern for instance when British Equitable Life
had to close to new business in 2000.1 This incident and others, such as the default of
the German life insurer Mannheimer Leben in 2003, led to proper pricing and reserv-
ing for life insurance liabilities becoming an essential topic in financial regulation,
international accounting standards, and the academic literature in this field.

In recent regulatory processes (e.g., Solvency II,2 Swiss Solvency Test, Interna-
tional Financial Reporting Standards3), financial reporting now requires determina-
tion of the market value of liabilities, and thus the reporting of implicit options at fair
value.4 In this context, implicit options can become quite expensive in terms of cap-
ital requirements. Overall, the increasing application of the fair value approach and
the recognition of implicit options will have an impact on the design of life insurance
contracts, especially for traditional products. This development will be particularly
visible in Europe where Solvency II in the European Union (effective after 2012)
and the Swiss Solvency Test (effective January 2006) will require major changes in
the capital standards for insurance companies and will insurers to properly assess the
risks in their portfolios (see, e. g., Baur and Enz 2006).

The purpose of this article is to give an overview of implicit options in different
markets and to discuss changes due to trends that will affect the use of these options
in life policies. Toward this aim, we outline and compare the most common contract
types in two largest insurance markets – Europe and the United States5 – and provide
a description of options embedded in these contracts. Among these are several vital
basic options that have been analyzed previously, as well as some options that have

1 The case of Equitable Life is discussed in O’Brien (2006).
2 For an overview and analysis of the Solvency II process, see Eling et al. (2007).
3 Developments in the field of International Financial Reporting Standards and the fair valuation approach
are discussed in Jørgensen (2004).
4 Paragraph 5 of SFAS 157 defines the fair value as “the price that would be received to sell an asset or paid
to transfer a liability in an orderly transaction between market participants at the measurement date.” In
IFRS, fair value is generally defined as “the amount for which an asset could be exchanged, or a liability
settled, between knowledgeable, willing parties in an arm’s length transaction” (IASB 2006).
5 In 2005, the European share of worldwide life insurance premiums amounted to 37.6%, and the United
States had a 26.2% share (Enz 2006).
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not been the subject of any research to date. However, fair valuation of insurance lia-
bilities requires an appropriate financial valuation model. Hence, for the fundamental
basic options previously studied in the literature, we present some selected contract
designs and valuation techniques examined in several articles. We conclude our study
with a discussion of product designs that will likely emerge in the future due to the
major trends and developments in the life insurance industry, including regulation
(Solvency II, Swiss Solvency Test), accounting (IFRS), changing customer needs,
and the development of the secondary market for life insurance.

The remainder of the paper is organized as follows. Section 2 contains a com-
parison and description of the most common types of life insurance products in
Europe and the United States. In Sect. 3, the options embedded in these contracts
are described and listed in detail. A literature review on central basic implicit op-
tions is given in Sect. 4, particularly focusing on participating endowment contracts.
Section 5 concludes with an outlook on expected changes in life insurance contract
design.

2 Life insurance contracts in the United States and Europe

This section gives an overview and short description of the most popular forms of
life insurance contracts in the two large life insurance markets Europe and the United
States. Other policies often represent a combination or variation of these main types.
The focus will be on individual insurance contracts, which are underwritten for indi-
vidual protection – credit insurance, group insurance, and annuities are not consid-
ered. An overview is given in Table 1 and is based on data found in the American
Council of Life Insurers’ (2007) 2007 Life Insurers Fact Book and from the European
Insurance and Reinsurance Federation CEA (2006).6

Table 1 Main individual life insurance policies sold in Europe and the United States

Individual life insurance policies

Europe Term
Endowment
Unit-linked

United States Term
Whole life
Universal life

2.1 Europe

The most common contract types in Europe are term, endowment, and unit-linked
policies. Term insurance only features death benefits for a fixed period and usually

6 For the following description of life insurance policies, see Bowers et al. (1997) and Trieschmann et al.
(2005).
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does not include a savings component. If the insured person dies during the policy pe-
riod, the designated beneficiary receives the policy’s face amount. The exact form of
the term insurance depends on the contract duration, time of coverage, guarantees re-
garding coverage options, and changes in the amount of protection during the period
the policy is in force. A policy with a constant face amount over time is called “level
term” insurance; other types of term insurance include “decreasing” and “increasing”
with declining (e. g., to pay off mortgages) and increasing face values.

Endowment policies provide a guaranteed death and survival benefit during a fixed
contract period. In contrast to term insurance, endowment policies also have a savings
element, with a benefit to be paid if the insured survives until contract maturity. The
savings element is created through the so called policy reserve and is called “cash
value” in the United States. When a premium is paid, mortality expenses and costs
are subtracted and the remainder is invested to earn interest. Policy reserves, or cash
value, thus consist of the accumulated excess premiums. Pure endowment policies
pay only in case of survival and have no death benefit feature.

Endowment contracts place more emphasis on the savings part rather than on death
benefits. The contract type can be participating or nonparticipating. In addition to
a minimum interest rate guarantee, the contracts often feature participation in the
return generated by the insurer’s investment portfolio; however, dividends are not
guaranteed. The amount of surplus or “bonus” credited to the policyholder’s reserve
depends on development of the insurer’s investment portfolio and on the specific type
of smoothing mechanism employed. The investment decision is made by the insurer.
In the United Kingdom, these participating policies are called “with-profit” contracts7

and have much lower minimum interest rate guarantees compared to similar contracts
in continental Europe. Instead, they provide higher annual bonuses (Helfenstein and
Barnshaw 2003). Both term and traditional whole life insurance contracts can be pur-
chased on a participating or nonparticipating basis.

In the case of participating policies, death benefits often consist of a guaranteed
amount and accumulated interest from participation in the insurer’s investment re-
turns. The survival benefit can be increased by terminal bonus participation, depend-
ing on the insurer’s investment performance. In recent years, adverse tax treatment in
some countries has made endowment contracts less attractive. For example, current
tax legislation in Germany reduced tax facilitation for endowment contracts, which is
partly responsible for the observed trend away from traditional life insurance products
and toward annuities.8

Unit-linked insurance contracts9 were introduced in the 1990s and have attained
a rapidly growing market share, especially in the United Kingdom, the biggest Euro-
pean life insurance market.10 After the strong decline in life insurance demand due

7 A comparison of different smoothing schemes in the United Kingdom can be found in Haberman et al.
(2003).
8 See Enz (2006, p. 17) for a description of the development of unit-linked products.
9 An extensive discussion of unit-linked insurance products is provided in Helfenstein and Barnshaw
(2003).
10 The four biggest life insurance markets in Europe together represented 70.9% of the total European
life insurance premiums in 2004: United Kingdom (27.5%), France (19.1%), Germany (12.4%), and Italy
(11.9%) (see European Insurance and Reinsurance Federation CEA 2006, p. 12). According to the Euro-
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to the stock market crisis of 2001, the upturn in the European stock markets led to
a growth in the European life insurance market in 2005. Unit-linked products bene-
fited from this development, especially in Belgium, Germany, France, and Portugal.11

In contrast to participating life insurance contracts, the investment risk of unit-
linked contracts is entirely borne by the policyholders: the policyholder decides how
to invest his or her premium, choosing from among several asset categories. There
are several variations of unit-linked insurance policies: the savings part can be linked
to units of a mutual fund or it can be index-linked to some index such as a bond
index, equity index, or another reference index. Alternatively, the contract can be
a guaranteed equity-linked policy, which guarantees a minimum return on premiums
paid.

Unit-linked policies also feature a guaranteed death benefit, which is the greater of
a fixed guaranteed amount or the value of the accumulated funds. Alternatively, some
contracts promise the value of the accumulated funds in addition to a minimum guar-
anteed death benefit. In case of survival until maturity, the value of the accumulated
funds is paid.

2.2 United States

In the United States, three most common policies sold are term, whole life, and uni-
versal life insurance policies (American Council of Life Insurers 2007; Trieschmann
et al. 2005). Sales of endowment policies are negligible. In contrast to term insurance,
whole life insurance contracts remain in force for the insured’s entire lifetime, a type
of contract rarely found in Europe. The contracts offer fixed premiums, have guar-
anteed death benefit, and feature a savings element. Early termination of the policy
(i. e., before death) requires a transfer of the cash value (less a surrender fee) to the
insured, which is guaranteed by the so-called nonforfeiture option. The nonforfeiture
option is obligatory for all policies with cash value and states that the policy reserve
belongs to the policyholder and cannot be lost as a result of premature termination
of premium payments. There are three methods of transferring the cash value to the
policyholder. In the case of the paid-up insurance, the policyholder stops premium
payments and the policy continues with reduced benefits that are determined accord-
ing to the cash value present at the exercise date. Alternatively, the policyholder can
choose a lump sum paid in cash (for surrender, “cash value option”) or to use the cash
value to buy extended-term insurance. The nonforfeiture benefits for all three methods
must be appropriately comparable in their actuarial value (Trieschmann et al. 2005,
p. 334).

Universal life insurance contracts, a highly flexible product, were first introduced
in 1979. They allow flexible premium payments – the policyholder decides on the
timing and size of subsequent premiums. Moreover, the size of the death benefit can
be adjusted. Some insurers may require a proof of insurability if a request is made to
increase the death benefit. In contrast to whole life insurance policies, the cash value
of universal life insurance contracts varies, depending on the insurer’s investment re-

pean Insurance and Reinsurance Federation CEA (2006, p. 10), the share of unit-linked products in total
life insurance premiums in the United Kingdom increased from 70% to 78% in 2004.
11 See Enz (2006, p. 17).
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sult, mortality experience, expenses, and the amount and timing of premiums paid by
the policyholder. If the mortality and expense charges exceed the cash value amount
at any time, the policyholder either must make up the deficit or decrease the death
benefit or the policy will lapse. Both universal and whole life insurance contracts can
be offered on a participating or nonparticipating basis.

3 Implicit options in life insurance

The common types of life insurance products discussed in the previous section are
usually replete with implicit options. Implicit options provide the right to modify
contract conditions during the contract term. Exercising the options can affect the
size and timing of the policy’s cash flows and thus imply a substantial value for the
policyholder. The exact form and design of specific options may vary across differ-
ent countries. This section provides a comprehensive overview and description of
implicit options. Among the options looked at are fundamental basic options that
have been previously studied in the literature, where it was shown that these op-
tions have the potential of a substantial financial risk. Often, these options are re-
quired by law (e. g., surrender option or paid-up option). We also take a look at
several special options that have not been extensively studied in the literature to
date. Table 2 contains a comprehensive list of implicit options. For descriptions of
the options, see also, e. g., Dillmann (2002), Herr (2004), and Trieschmann et al.
(2005).

3.1 Dividend options

Dividend payments are a feature of participating policies and are based on the in-
surer’s investment, mortality, and expense results. Dividends can be paid to the poli-
cyholder in cash, used to reduce future premiums, used to buy additional amounts of
either paid-up cash value coverage or one-year term insurance, or can be accumulated
with interest by the insurer. The last case can represent substantial risk to the insurer
if the contract contains a minimum fixed interest rate to be applied to the accumulated
dividends.

Policyholders can either participate directly in the surplus or according to
a smoothing scheme based on book values. One valuable annual surplus distribution
mechanism is the “year-to-year” or “cliquet-style” guarantee.12 In this case, policy
reserves annually earn the greater of a minimum interest rate guarantee or a fraction
of the surplus generated by the insurer’s investment portfolio. The way surplus is
determined differs and might employ a smoothing mechanism. A comparison of in-
terest rate guarantees and different surplus distribution schemes for several countries
can be found in Cummins et al. (2004). Once the surplus is credited to the policy
reserve, it becomes part of the guarantee and thus increases the guaranteed maturity
payment. Contracts that provide only a maturity guarantee without participation over
time are sometimes referred to as having a “point-to-point” guarantee. Usually, these

12 See, e. g., Grosen and Jørgensen (2000).
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Table 2 Overview of implicit options in life insurance

• Dividend options
− Accumulation at interest with minimum interest rate guarantee
− Cash
− Premium payment reduction
− Paid-up additions
− One-year term option
− Change of dividend distribution mechanism

• Premium payment options
− Paid-up option
− Resumption option
− Flexible premium payments
− Dynamic premium increase

• Surrender option

• Flexible expiration option

• Settlement options
− Lump-sum option
− Life income option/guaranteed annuity option
− Fixed-period option
− Fixed-amount option
− Interest option

• Right of objection
− Contract cancellation
− Dynamic/increasing premiums

• Policy loan

• Policy backdating

• Conversion option

• Extended-term insurance

• Lump-sum settlement option during annuity

• Additional payments
− Increase death benefit
− Shorten contract duration

• Reinstatement

• Coverage extension option
− Cost-of-living rider/inflation option
− Guaranteed insurability rider
− Waiver of premium benefit
− Accelerated death benefits
− Accidental death benefit

• Contract term extension option

guarantees offer some terminal bonus payment if the insurer’s investment portfolio
has performed sufficiently well.13

Instead of accumulating dividends so as to earn interest, the policyholder can have
the dividends paid in cash or use them to reduce premiums (premium payment re-

13 See, e. g., Briys and de Varenne (1997); Grosen and Jørgensen (2002).
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duction). In case of the paid-up additions options, dividends are used to increase
benefits and coverage without the policyholder having to undergo an additional med-
ical examination or expenses. The additional insurance consists of a higher death
benefit and cash value. Alternatively, dividends can be applied to purchase as much
additional one-year term insurance as possible without increasing the premium pay-
ment. Due to adverse selection, many insurers require that this dividend option must
be chosen at inception of the contract. Otherwise, the insurer can insist on an ad-
ditional medical exam to prove insurability if policyholders ask for this option dur-
ing the contract term. Furthermore, the policyholder may have the right to choose
a different dividend distribution mechanism (“change of dividend distribution mech-
anism”).

3.2 Premium payment options

Most life insurance contracts contain premium payment options.14 Universal life poli-
cies, for instance, allow policyholders to choose the timing and size of premium pay-
ments – to a certain degree and as long as there are sufficient policy reserves – which
is known as a flexible premium payments option. Even though not all contract types
are as flexible as universal life policies, in most European countries and across the en-
tire United States, the right to stop premium payments (paid-up option) is an option
required by law. In the United States, this right is a consequence of the nonforfeiture
options that are obligatory for all contracts with cash value.

When exercising the paid-up option, the contract is not terminated but continues
in force with reduced benefits. The amount of insurance benefit therefore depends on
the policy reserve present at the exercise date, which is used as a single premium to
buy the same type of insurance as the original contract, for example, endowment or
whole life. Usually, a surrender fee is subtracted from the reserves. The right is a put
option on a forward contract where the policyholder has committed to buy bonds with
annual premiums having a strike price of zero. This means that the effect of the option
is to exchange the original contract for a new contract with reduced benefits and no
premium payments.

In addition to the paid-up option, contracts can contain the right to resume pre-
mium payments later, thus increasing the previously reduced benefits (resumption
option). To regain the original insurance benefit (i. e., benefits in place prior to mak-
ing the contract paid-up), the policyholder either can pay the premiums in arrears or
increase the original premium size. Alternatively, the original premium size can be
retained without paying back outstanding premiums, which will lead to lower ben-
efits than in the original contract. In some contracts, the resumption option can be
restricted to a certain time period after making the contract paid-up. If the policy-
holder has made the contract paid-up due to, for example, high capital market interest
rates, the option to resume and repay the premiums offers an opportunity to receive
the higher guaranteed interest rates in the contract, which is a call on a forward con-
tract (where the policyholder has committed to buy bonds with annual premiums),
with the strike price being the repayment of premiums. Another type of premium

14 See, e. g., Steffensen (2002); Linnemann (2003, 2004); Gatzert and Schmeiser (2008).
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payment option is the dynamic premium increase, where premiums are increased by
a fixed percentage annually, for example.

3.3 Surrender option

In contrast to the paid-up option, the surrender option15 terminates the contract and
the policyholder receives the surrender value – consisting of the policy reserve less
a surrender fee – as a lump sum in cash. In the case of unit-linked policies, the sur-
render benefit is the value of the accumulated funds less a surrender fee. The policy
reserve also contains dividends. Since the surrender option can be used at discrete
exercise dates, it can be classified as a Bermudan put option on the cash flow stream
of future expected insurance benefits with a strike price amounting to the surrender
value. There is financial risk inherent in the surrender option due to the possibility of
many policyholders with high surrender values exercising the option at a time when
interest rates are rising. In addition, the surrender option bears insurance risk in the
sense of adverse selection if it occurs that the mostly “good risks” surrender the con-
tract, leading to a worsening of the risk situation in the insurer’s portfolio.16

3.4 Flexible expiration option

Endowment contracts can include the flexible expiration option,17 which gives the
policyholder an annual opportunity to terminate the contract prior to regular expira-
tion and to receive the accumulated policy reserves, including guarantees and surplus
participation, without paying a surrender fee. The option can be exercised after the
policy reserve has exceeded the guaranteed survival benefit for the first time or during
the last five to ten years of the policy, as is studied by Dillmann and Ruß (2001). The
later the exercise date, the larger the benefit paid to the policyholder. From a financial
viewpoint, this option corresponds to a Bermudan put on a coupon bond with a strike
price equal to the lump-sum benefit. The coupon bond is the remaining cash flow of
the policy terminated by the policyholder with expected death benefits less expected
premium payments (in case of periodic premium payments) as coupons and expected
survival benefit as face value. The option is Bermudan since it can be exercised annu-
ally on the policy’s anniversary date. An advantage for the insured is that the interest
rates earned by the policy typically come from long-term investments, which is in
contrast to the possibility to annually surrender the policy without surrender charges,
actually implying a short-term investment.

3.5 Settlement options

Policyholders can choose among different settlement options for how death or sur-
vival benefits will be paid. The most common way to settle a policy is to pay the
insurance benefits in a lump sum and to thus terminate the policy, which leaves the

15 See Albizzati and Geman (1994); Bacinello (2001, 2003a, 2003b); Grosen and Jørgensen (1997, 2000);
Steffensen (2002).
16 See Gatzert et al. (2008).
17 See Dillmann and Ruß (2001).
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insurance company without further obligation. Life income options18 guarantee the
beneficiary an annuity for the remaining lifetime. There are several variations of this
type of option. For instance, guaranteed annuity options were commonly offered in
U.S. tax-sheltered insurance products and in U.K. retirement savings contracts during
the 1970s and 1980s.19 At maturity of the contract, the accumulated policy reserve
is converted to a life annuity at a fixed guaranteed rate, which corresponds to a call
option on a coupon bond. The financial risk associated with this option arises due
to demographic factors (longevity), market conditions at the exercise date (long-term
interest rates and equity performance), and the size of the annuity. When long-term
interest rates began to fall in the 1990s, the value of guaranteed annuity options in-
creased substantially. This type of option became of special concern when British
Equitable Life had to close to new business due to an insufficient pricing and reserv-
ing of the time value of guaranteed annuities, among other reasons.20

As an alternative to a lump-sum settlement, the insurance benefits can be paid to
the beneficiary during a fixed period in equal installments (fixed-period option). The
size of the payments depends on the frequency, on the length of the payment period,
and on the interest paid by the insurer on the policy reserve that has not been paid out.
Often, a minimum payment is guaranteed. If interest earned is above the guaranteed
rate, the insurer will credit the excess interest to the installment and thus increase its
size. In general, the beneficiary retains the option to withdraw the present value of fu-
ture cash flows after having exercised the fixed-period option (lump-sum settlement
option).

Instead of fixing the period, one can fix the size of installments under the fixed-
amount option. Size and frequency of payments then determine the initial length of
the payment period, which can be increased if interest is earned in excess of the guar-
anteed rate. The policyholder can also decide to take the interest option, in which
case the insurer keeps the insurance benefits and pays interest to the beneficiary, usu-
ally involving at least a guaranteed interest rate. As under the fixed-period option,
the beneficiary can generally withdraw a part or the entire amount subject to certain
restrictions.

3.6 Right of objection

Usually, the policyholder has the right to object and cancel a contract within a fixed
period after inception of the contract without incurring financial consequences. If the
policyholder does so, all premiums paid must be refunded. This can result in a finan-
cial risk for the insurance company if premiums have immediately been invested in
the market, as the liquidation can lead to a loss in interest. This is of particular con-
cern in the case of unit-linked life insurance contracts where liquidation of refundable
premiums can represent a substantial risk.

18 See Milevsky and Promislow (2001); Boyle and Hardy (2003); Haberman and Ballotta (2003).
19 Participating endowment contracts made up approximately 80% of the total liabilities for contracts with
guaranteed annuity options (Boyle and Hardy 2003). The remaining part was mainly composed of unit-
linked contracts.
20 See O’Brien (2006).
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Furthermore, policyholders can object to the dynamic increase in premiums. Some
insurers allow only two objections before annulling the right of objection. This option
represents only a low financial risk for the insurer.

3.7 Policy loan

Policyholders can borrow part of the cash value from the insurer during the period
of insurance coverage. If the borrowing interest rate charged by the insurer is close
to the market interest rate, the financial risk for the company is limited, but can be
substantial if the interest rate was fixed at inception of the contract. When the poli-
cyholder dies, total outstanding loans and accumulated interest are subtracted from
the policy reserves before benefits are paid. To avoid a lapse of the policy, interest
must be paid by the policyholder if the sum of the loan plus interest drops below the
cash value. Many insurers offer an automatic premium loan provision to ensure that
the policy continues, which becomes effective when premiums remain unpaid. Out-
standing premiums are taken from the cash value and treated like a loan against the
policy.

3.8 Policy backdating

The practice of policy backdating21 is very common in insurance business. Insurance
contracts can be backdated so that the date of the policy is earlier than the actual
application date, usually by as much as six months. For example, age nearest birth-
day is used for premium calculations and thus premiums are reduced due to the lower
age used for calculations. However, policyholders have to pay premiums in arrears for
the backdated period. Hence, the option is of value if the reduction of premiums more
than compensates for the premiums that have to be paid for the backdated interval.

3.9 Conversion option

The conversion option is often offered in the context of term insurance contracts and
allows converting a term insurance policy into an endowment insurance or annuity
policy; without the policyholder having to undergo further proof of insurability. In
general, to avoid adverse selection, the insurer limits the period of time within which
this option can be exercised.

3.10 Extended-term insurance

Extended-term insurance is part of the nonforfeiture option and can also take ef-
fect if premiums remain unpaid after the grace period and the policyholder does not
use one of the other nonforfeiture options (paid-up insurance or cash value option).
In this case, the insurer uses the policy reserve to calculate the contract duration of
a term insurance contract having the same death benefit as provided in the original
contract. Since the choice between paid-up insurance and extended-term insurance

21 Carson 1994; Carson and Ostaszewski 2004.
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can implicitly deliver information on the health status of the insured, some insurers
use different life tables to calculate benefits for paid-up insurance and extended-term
insurance contracts in order to account for possible adverse selection.

3.11 Lump-sum settlement option during annuity

The lump-sum settlement option gives the beneficiary the right to withdraw expected
future annuity payments, discounted with the technical rate, as a lump-sum settlement
prior to the contract’s regular expiration date, for example under the fixed-period op-
tion and the interest option.

3.12 Additional payments

By making additional payments, policyholders can increase the coverage of the in-
surance contract. The additional payment corresponds to a single premium for a new
contract without acquisition charges. Alternatively, additional contributions can be
used to shorten the duration of endowment contracts by increasing the mathematical
policy reserve. The adjusted remaining contract term is then determined via actuar-
ial principles. In this case, additional contributions do not increase the death benefit,
but do result in a higher savings value (cash value). Additional payments are often
restricted to a fixed percentage of the sum insured, must exceed a minimum amount,
and are allowed to be exercised only after the contract has been in effect for a certain
duration. This option can be profitable for the policyholder if policy dividends are
higher than alternative market interest rates, which represents a call on a bond.

3.13 Reinstatement

Policies that have lapsed, for example, due to nonpayment of premiums, can be rein-
stated within a fixed time period. In the United States, a grace period clause usually
gives the insured an extra 30 days to pay the outstanding premiums before the policy
actually lapses. Alternatively, an automatic premium loan provision can prevent pol-
icy lapses as long as sufficient cash values exist to cover premiums. Once the policy
has lapsed or has been surrendered, it may be reinstated within a certain period after
lapse (in the United States this is usually three to five years), given evidence of insura-
bility. The premiums in arrears during the period of lapse must be paid. The option to
reinstate a contract instead of buying a new one can be valuable for the policyholder
if the old contract conditions are more favorable, for example, with respect to implicit
options, than the new ones would be.

3.14 Coverage extension option

There are several options that can affect the amount or character of the coverage in
a life insurance contract. To increase the amount of coverage, policyholders can ei-
ther choose the cost-of-living rider or the guaranteed insurability rider, which allows
a change in the insurance coverage without proof of insurability. If the cost-of-living
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rider is chosen, the death benefit is automatically increased by the same percent-
age that the consumer price index has increased since inception of the contract. The
policyholder pays accordingly for this additional coverage. In the United Kingdom,
this option is also called the “inflation option.” If the cost-of-living rider is initially
refused, but the policyholder later requests it, insurability must be proven. The guar-
anteed insurability rider gives policyholders the right to increase the face amount of
the policy under certain circumstances, for example, marriage or birth of a child.

The waiver of premium benefit exempts policyholders from paying premiums in
case of disability before a specific age, such as age 60 or 65. This option is not ex-
pensive and ensures that the policy continues with the same benefits, regardless of the
policyholder’s health. Some insurance contracts may require a waiting period before
waiving the premiums. The accelerated death benefit is also called a “living bene-
fit option” and it pays a discounted percentage of the policy’s face value before the
event of death under specified circumstances. Some insurers consider the exercise of
this option as a termination of the contract; others pay the remaining benefit to the
beneficiary in case of the insured’s death. The death benefit can be increased in the
case of accidental death by paying a small surcharge (accidental death benefit). In this
case, the beneficiary receives, in addition to the death benefit in the basic contract, an
extra amount, which is often the face value of the policy. Insurers usually exclude
certain situations from the application. Usual exclusions are, for example, death from
suicide, illness, war, or when death occurs more than 120 days after the event of an
accident.

3.15 Contract term extension option

Some insurance contracts offer an option to extend the contract term for a specific
time span while keeping the contract conditions. The option can be exercised until
maturity and is granted given that the insured’s health status has not worsened. There
might be other restrictions concerning the total contract term and the insured’s age
at the new maturity date. This option can be valuable if policyholders can keep high
guaranteed policy interest rates when market interest rates are low.

In general, all contract types outlined in Table 1 feature fundamental basic options
such as paid-up and surrender options. In the case of term insurance, typical extra
options are the conversion option, the option to make additional payments to adjust
the death coverage, and contract term extension. Endowment contracts often offer
coverage extension options for death benefits, dynamic premium increase, and ad-
ditional payments. Unit-linked contracts generally include options similar to those
offered in traditional endowment contracts. However, the right of contract cancella-
tion within a certain time period can imply financial risk (cf. previous discussion in
this subsection). Further options frequently offered with this type of insurance are the
contract term extension and policy loan. As in the case of term insurance, the conver-
sion option allows the policyholder to convert the unit-linked insurance policy into
an endowment contract with the same premium level and maturity date, while death
and survival benefits are adjusted accordingly. The value of the reference portfolio at
the exercise date is used to calculate the adjusted benefits. Whole life contracts also
feature coverage extension options, policy loan, paid-up additions, and extended-term
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insurance. Universal life is the most flexible contract type with respect to premium
payments, which are flexible in timing and size. Other options frequently available in
a universal life insurance contract are similar to those offered in a whole life contract.

4 The impact of implicit options: The case of participating endowment policies

This section presents selected work that has been done in the field of implicit op-
tions. The focus is on fundamental options in traditional participating endowment
contracts. The purpose of this study is to describe, in more detail, the contract design,
valuation techniques, and main results of selected papers so as to illustrate the impact
of embedded options in traditional life policies and the calculation of fair value.

One common way to price insurance contracts at fair value is to use contingent
claims pricing theory as developed and applied by Black and Scholes (1973) and
Merton (1973). The particular adequacy of arbitrage models has been discussed by
Babbel and Merrill (1998), who provide a discussion of economic valuation models
for insurers. The application of contingent claims theory to pricing unit-linked life
insurance contracts was pioneered by Brennan and Schwartz (1976) and Boyle and
Schwartz (1977).

In the following description, emphasis is placed on papers that analyze participat-
ing endowment policies with implicit options. These contracts and options have been
studied amongst others by Bacinello (2003a, 2003b), Ballotta et al. (2006), Briys and
de Varenne (1997), Dillmann and Ruß (2001), Gatzert and Kling (2007), Gatzert
and Schmeiser (2008), Grosen and Jørgensen (2000, 2002), Guillén et al. (2006),
Haberman and Ballotta (2003), Hansen and Miltersen (2002), Jensen et al. (2001),
Kling et al. (2007), Linnemann (2003, 2004), Miltersen and Persson (2003), Stef-
fensen (2002), and Tanskanen and Lukkarinen (2003).

4.1 Dividend options with accumulation at interest

Dividend options with minimum interest rate guarantees have been analyzed in sev-
eral papers for different surplus distribution smoothing schemes, such as cliquet-style
or point-to-point guarantees as are common in various countries. Policies similar to
French contracts have been studied by Briys and de Varenne (1997); a common U.K.
cliquet-style contract is presented in Ballotta et al. (2006); a contract design common
in Denmark is set up in Hansen and Miltersen (2002); a model for German poli-
cies is developed in Kling et al. (2007); Gatzert and Kling (2007) compare different
cliquet-style and point-to-point guarantees and analyze the risk associated with fair
contracts.22 Moreover, in some papers, contracts with dividend options form a basis
for including and analyzing additional options.23 In the following, we describe re-
sults from Grosen and Jørgensen (2002) that includes a point-to-point guarantee with
a regulatory mechanism.

22 An example of how minimum interest rate guarantees in participating life insurance contracts can be
priced is provided in the Appendix A.
23 See Grosen and Jørgensen (2000); Bacinello (2003a, 2003b); Gatzert and Schmeiser (2008).
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4.2 Point-to-point dividends

In the model considered by Grosen and Jørgensen (2002), policyholders (the liability
holders of the company) and equityholders each make an up-front payment at in-
ception of the contract, which sum up to the total initial assets of the company. The
insurance company guarantees the policyholders a maturity payment and an optional
participation in the terminal surplus, which is a fraction of the excess value of the
policyholders’ share in the total value of the company and the guaranteed maturity
payment. The authors include a default put option in the model, i. e., equityholders
have limited liability. Moreover, they incorporate a regulatory constraint for the in-
surer’s assets. If the market value of assets falls below a certain regulatory threshold at
any point in time, the company is closed down and the recovered market value is dis-
tributed to the policyholders. Risk-neutral valuation is used for pricing, where assets
are assumed to follow a geometric Brownian motion and interest rates are constant.
Valuation of the contracts is done analogously to financial knock-out barrier options
with an exponential barrier.

To find initially “fair contracts,” contract parameters are calibrated such that the
present value of liabilities under the risk-neutral martingale measure is equal to the
up-front premium paid by the policyholder. This requirement is consistent with a no-
arbitrage setting. Using the fairness condition, an inverse relation between the guaran-
teed interest rate and the terminal surplus participation coefficient is shown. Hence,
an increasing guaranteed interest rate requires a decrease in the participation rate.
Moreover, as the policyholders’ participation rate in the terminal bonus tends to one,
they will be the only group investing in the company while, at the same time, the
initial contribution of the equityholders decreases to zero. Further, a decomposition
of the contract components shows that introducing a regulatory mechanism reduces
the value of the default put option.

4.3 Surrender option

Bacinello (2003b) analyzes a type of participating life insurance policy that is com-
monly sold in Italy. The single up-front premium paid by the policyholder is calcu-
lated using the equivalence principle, as is common in standard actuarial practice,
given an initial guaranteed death and survival benefit. The contract contains a mini-
mum interest rate guarantee, annual participation in the return of the insurer’s invest-
ment portfolio, and a surrender option. The policy features death and survival benefits,
with death and survival probabilities extracted from a mortality table. For valuation,
the recursive algorithm of the Cox et al. (1979) discrete option pricing model is used
with constant interest rates. The value of the contract is thereby affected by mortality
and financial risk.

The benefit payable to the insured in case of death or survival is annually increased
by the greater of a guaranteed interest rate or a fraction of the return of a reference
portfolio. The cliquet-style surplus distribution system is equal to the compound re-
versionary bonus method. In contrast to Ballotta et al. (2006), mortality costs are also
taken into account. The calculation of the surrender value is done in two different
ways by following an “empirical” and a “traditional” rule. For the empirical rule, the
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proportionate paid-up value is discounted from maturity to the surrender date using
an appropriate rate, which is generally greater than the guaranteed interest rate. The
traditional way is to use a percentage of the policy reserve, which is decreasing with
time to maturity. Contract parameters are calibrated such that the present value of the
policy under the risk-neutral measure (the fair price) is equal to the up-front premium
paid by the policyholder.

The effect of individual contract parameters is studied by decomposing the con-
tract into its components – basic contract, participation option, nonsurrendable par-
ticipating contract, surrender option, and whole contract. Bacinello (2003b) shows
that the insured’s initial age has only a small influence on premiums. Furthermore,
the participation option appears to be very valuable, strongly influenced by the guar-
anteed interest rate. In contrast, the surrender option is cheap and its value decreases
with increasing age since the option can be exercised only in case of survival. The
value of the surrender option decreases with increasing participation rate and gener-
ally exhibits a strong sensitivity with respect to this parameter. The results for both
types of surrender options (empirical and traditional) show that surrender penalties
can substantially reduce the value of the surrender option.

4.4 Premium payment options

Steffensen (2002) treats the paid-up option in a life insurance contract and studies
the impact on the insurance company’s reserve situation. The author sets up a general
framework for an insurance contract that includes surrender and paid-up options (“in-
tervention options”). The reserve of the insurance contract is thereby defined as the
market value of future policy cash flows. One main result of the paper is the deriva-
tion of the reserve for this contract as a solution to a generalized Thiele’s differential
equation, a quasi-variational inequality. This inequality can be used to determine con-
ditions under which exercising the option will be optimal such that the option values
are arbitrage-free – an approach that is based on optimal intervention strategies.

4.5 Flexible expiration option

The flexible expiration option in participating endowment contracts is treated in Dill-
mann and Ruß (2001), where the price of the option is calculated using the Hull-White
model for the short rate process. The contract includes death and survival benefits
that are assumed to be paid by the insurance company based on a guaranteed interest
rate and constant (estimated) surplus rate. The up-front premium paid by the policy-
holder is calculated using the actuarial equivalence principle based on the guaranteed
benefits. In their model, policyholders are allowed to exercise the flexible expiration
option during the last years of the contract. Option values are derived based on the
assumption that policyholders exercise the option in a rational manner.

Some of the main findings from this paper are that the option value increases for
longer flexible expiration periods. The inclusion of mortality leads to the effect that
the option price first increases and then decreases whenever the contract term is in-
creased. As in the case of surrender options, the option value decreases with increas-
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ing age of the insured, since exercise is conditional on survival. Furthermore, the
value increases with increasing volatility of the short rate process.

4.6 Settlement option: Guaranteed annuity option

Boyle and Hardy (2003) discuss the valuation and possible hedging methods for guar-
anteed annuity options, using the case of unit-linked insurance contracts as an exam-
ple. The methods presented in the paper can also be applied to participating endow-
ment contracts. A single up-front premium paid by the policyholder is invested in
an asset account. At maturity, the policyholder has the right to choose between the
accumulated value of assets (the lump sum) or the annuity payments. The policy guar-
antees a fixed conversion rate for calculating a guaranteed minimum annuity payment
(lump sum divided by the conversion rate). Given the market price of an annuity at
maturity, the value of the option can be calculated as the excess of the annuity cost
over the lump sum. Thereby it can be shown that the option will not be exercised if
the market price of an annuity of $1 p. a. (the current annuity factor) is less than the
conversion rate (the guaranteed annuity factor). Crucial in the determination of the
option value is the market price of the annuity at maturity, which depends on long-
term interest rates and mortality and expense assumptions. The size of the option
liability will also depend on the size of the lump-sum payment.

Within the model framework, the Hull-White model is used for the short rate pro-
cess. Mortality and financial risks are assumed to be independent and mortality risk
is diversifiable (using a mortality table). The price of the option is then calculated
with the numeraire approach using the forward measure conditional on survival. The
payoff corresponds to a call on a coupon bond, where the coupons are the respective
survival probabilities. In numerical analysis, the historical time series of market val-
ues is derived. The authors further compare option values for different life tables to
illustrate the effect of longevity on the option value. The results show that the mor-
tality assumption has a substantial impact on value. In contrast, volatility appears to
have only a minor effect on the option value for long periods. This is explained by
the fact that, in general, the sensitivity of option values with respect to volatility is
highest when the option is close to being at-the-money.

In the literature, various types of implicit options have been analyzed in different
contract settings. This section illustrated the complexity of the valuation and impact
analysis, due to, among other things, the interaction and counterbalancing effects of
different options. Moreover, the discussion showed that the numerous implicit op-
tions contained in traditional participating life insurance contracts can be of substan-
tial value. Further aspects having a bearing on the valuation of insurance contracts
are risk measurement and the effect of management strategies.

5 Trends and outlook

Fair valuation and adequate pricing are increasingly applied in the insurance mar-
ket, partly enforced by regulatory authorities (see, e. g., Solvency II in the European
Union, Swiss Solvency Test, International Financial Reporting Standards). Important
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to this process are stochastic models and supplementary scenario tests, which gen-
erally lead to a much better assessment and awareness of risks through increased
transparency. Besides accounting and regulation, customer needs are changing. In an
environment of easy and fast information retrieval, customers are increasingly critical
and demanding. Product design and prices are questioned, and more transparent and
easy to understand products are desired by customers (Wong et al. 2007). Another
major development concerns the growth of the secondary market for life insurance,
which especially concerns the U.S. market (Doherty and Singer 2002), representing
the largest life settlement market worldwide. In the secondary market for life insur-
ance, policies are purchased by life settlement providers to be optionally placed in
closed funds for life settlement securitization or kept in the buyer’s own books. The
payment to the selling policyholder is above the surrender value offered by the pri-
mary insurer. The investor continues to pay premiums until the contract matures due
to death or reaching a fixed term and then receives the contract’s payoff. In the U.S.
senior life settlement market, specifically life insurance policies of senior citizens
above age 65 with below-average life expectancy are traded. Since life settlement
markets are currently comparably small compared to primary insurance markets, only
a strong growth of the life settlement market will force life insurers to reconsider their
risk management and policy pricing, e. g., with respect to a more rational option ex-
ercise behavior. However, these issues still need to be taken into consideration and
adequate pricing becomes even more relevant. Our study in the previous sections
indicates that these developments – in the long run – may result in a change of tra-
ditional product designs and a trend toward contracts priced at fair value in modular
form with fewer basic guarantees and adequately priced additional options available
to policyholders.

Implementation of the fair value concept in the context of a new regulatory envi-
ronment may result in increased capital requirements – especially for life insurance
companies – and thus to a decrease in the individual insurer’s capital adequacy.24

This is also due to the fact that under the new requirements, implicit options have
to be taken into account, in contrast to the previous statutory system of Solvency I.
In particular, insufficient diversification and market and insurance risk may lead to
a substantial increase of the target capital under the risk-based capital standards, de-
spite the fact that – according to FitchRatings (2005) – most insurance companies
already hold more capital than necessary under the (statutory) Solvency I require-
ments in Europe. In this context, the methods and valuation techniques described in
the previous section will be of substantial relevance. Hence, even though the effect
of the fair value concept might be limited on the corporate level, it likely will have
consequences for product design and product lines. It will also encourage innova-
tive product development; for example, since diversification serves to reduce target
capital, new product lines might be introduced to accomplish such a reduction. The
application of the fair valuation approach in line with the new standards could thus
lead to a change in the life insurance landscape over the next years (Baur and Enz
2006).

24 See results of the Swiss Solvency Test preliminary analysis field test conducted by the Swiss regulators
in 2005 (Bundesamt für Privatversicherungen 2005).
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The fair value approach provides increased transparency in the sense that risks can
be correctly classified through fair pricing and scenario analysis. This simplifies the
identification of unprofitable product lines that have capital-intensive components.
Furthermore, specific scenarios for the life insurance sector, such as lapsation, pan-
demic, disability, and longevity, may significantly lower the attractiveness of certain
product lines.25 Particularly long-term products will become more expensive in terms
of capital requirements, which will mainly affect traditional insurance policies with
guarantees and options that carry substantial financial and insurance risks, as outlined
in the previous sections. This situation gives rise to two consequences for the design
of life insurance contracts. If insurance companies decide to continue to offer high
guarantees, contracts will need to be priced at market values and the fair premiums
must be invested in risk management tools like hedging or reinsurance. This way,
high guarantee levels can be kept if policyholders are willing to pay adequate prices.
Otherwise, contracts with fewer guarantees and higher upside potential, such as unit-
linked contracts where policyholders bear the main investment risk, could be offered.
Unit-linked contracts are already showing a trend toward growing market share (see
Sect. 2).

Both consequences can be accommodated by the so-called modular, or building
block, contract designs, which have been sold in Germany since 2005 in the form of
variable annuities. These contracts provide only a basic guarantee, but additional op-
tions may be acquired separately at an adequate (fair) premium. This sort of contract
design could result in a situation where only capital-intensive product components
important to policyholders (who are thus willing to pay for them) are offered. Apart
from this, since the risk of these policies is priced, modular products will tend to
benefit from the introduction of Solvency II and the Swiss Solvency Test, as have
unit-linked contracts that have policyholders bear the investment risk.

A trend toward risk management systems based on the fair value concept offers
significant advantages for insurance companies. The resulting higher transparency
allows correct classification of the actual risks in the portfolio, thus substantially re-
ducing the likelihood of losses and defaults. Modular products represent an important
step toward a transparent contract design that will benefit both policyholders and in-
surers. In particular, the risk of implicit options becomes apparent and more easily
manageable.

Appendix A

A1 Modeling and pricing of a participating life insurance contract with minimum
interest rate guarantee

The following example presents a modeling and pricing procedure for participating
life insurance contracts. Pricing is conducted using risk-neutral valuation.26 We con-

25 The Swiss Solvency Test preliminary analysis field test in 2005 showed that particularly the lapsation
and longevity scenarios can have substantial effects in terms of the risk-bearing capital.
26 See Gatzert and Kling (2007) for a more detailed analysis of fair pricing and shortfall risk for different
contract types.
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sider an insurance company, where policyholders make an exogenously given up-
front payment of P0 at contract inception (at time t = 0), and E0 is the initial payment
made by the equityholders. The total value of initial contributions is then invested in
assets.

A1.1 Modeling the assets

We assume that the total market value of the asset portfolio follows a geometric
Brownian motion.27 Under the objective (real-world) measure P, the asset process
is described by

dA(t) = µ(t)A(t)dt + σ(t)A(t)dWP(t) ,

with asset drift µ(t), volatility σ(t) that are assumed to be constant over time and
a P-Brownian motion WP. We assume a complete, perfect, and frictionless market.
Thus, the solution of the stochastic differential equation28 is given by

A(t) = A(t − 1) · exp

(
µ − σ2

2
+ σ · (WP(t) − WP(t − 1))

)
,

with A(0) = P0 + E0. Since pricing is conducted using risk-neutral valuation, the
measure needs to be changed to the (risk-neutral) unique equivalent martingale mea-
sure Q. In this setting, the drift of the geometric Brownian motion changes to the
risk-free interest rate r, and development of the assets is given by

dA(t) = rA(t)dt + σ(t)A(t)dWQ(t) ,

where WQ is a Q-Brownian motion. The solution of this stochastic differential equa-
tion under Q is given analogously as under P.

A1.2 Modeling the liabilities

Let P denote the policyholder’s account, i. e., the book value of the policy reserves.
Every year t = 1, 2, . . . , the policy reserve P is compounded with the policy interest
rate rP(t) that depends on the type of guarantee (point-to-point vs. cliquet-style inter-
est rate guarantee) and the type of surplus distribution provided by the insurer. Thus,
the development of the policy can in general be described by

P(t) = P(t − 1) · (1 + rP(t)) = P0 ·
t∏

i=1

(1 + rP(i)), t = 1, 2, . . .

Depending on the performance of the insurer’s asset base, the customer receives the
accumulated book value P(T ) of the contract at maturity T, and, for some contract
designs, a terminal bonus S(T ). Hence, the payoff L(T ) to the policyholder is

L(T ) = P(T ) + S(T ) = P0 ·
T∏

t=1

(1 + rP(t)) + S(T ) .

27 Let (Wt), 0 ≤ t ≤ T , be a standard Brownian motion on a probability space (Ω,F , P) and (F t), 0 ≤
t ≤ T, be the filtration generated by the Brownian motion.
28 For details see, e. g., Björk (2004).
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The exact form of the terminal bonus S(T) and the policy interest rate rP(t) depends
on the contract specifications, with one example being provided below. The amount
of surplus credited to the policy reserves (represented by rP(t)) as well as the terminal
bonus payment typically depends on the insurance company’s financial situation and
thus on the development of the insurer’s asset portfolio, respectively.

A1.3 Fair contracts

We determine fair contracts using risk-neutral valuation, such that

V0(L(T )) = e−rT
E

Q(L(T )) ,

where E
Q(·) denotes the expectation under the risk-neutral martingale measure29

Q.

A contract is considered fair if the time zero market value V0(·) of the final payoff
L(T ) under the risk-neutral measure Q is equal to the up-front premium P0 paid by
the policyholder,30

P0 = V0(L(T )) = e−rT
E

Q(L(T )) .

This equation can be used to find parameter combinations of fair contracts. Models
that do not allow for explicit analytical expressions can be analyzed using simulation
techniques.31

A1.4 Example: Point-to-point guarantee

In the case of a point-to-point guarantee, the single up-front premium P0 is com-
pounded with the guaranteed interest rate g. The policy interest rate is thus given by
rP(t) = g, such that at expiration of the contract, the guaranteed payment is

P(T ) = P0 ·
T∏

i=1

(1 + g) = P0 · (1 + g)T .

Additionally, the customer receives a fraction δ of the terminal surplus, i. e., if A(T )−
L(T )>0. Hence, the final payoff L(T ) (without accounting for the limited liability
of equityholders) can be summarized by

L(T ) = P(T ) + S(T ) = P0 ·
T∏

i=1

(1 + g) + δ · max(A(T ) − P(T ), 0) .

Thus, the payoff can be decomposed into two parts: the first term is a bond with a fixed
payoff, whereas the second term is the payoff of a European call option on A(T) with
(stochastic) strike price P(T). The closed-form solution for the market value V0(L(T))

of the payoff using European option pricing theory is

V0(L(T)) = e−rT
E

Q(L(T)) = e−rT · P(T) + δ · (
A0 · Φ(d1) − P(T) · e−rT · Φ(d2)

)

29 For details concerning risk-neutral valuation, see, e. g., Björk (2004).
30 Note that this equation does not consider the limited liability of equityholders. For an example, see, e. g.,
Grosen and Jørgensen (2002).
31 For Monte Carlo simulation, see, e. g., Glasserman (2004).
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with

d1 = ln(A0/P(T)) + (r + σ2/2) · T

σ · √
T

and d2 = d1 − σ · √
T .

Further types of interest rate guarantees are presented and examined in, e. g., Gatzert
and Kling (2007).
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