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ABSTRACT

Guarantees are often seen as the key characten$fiension saving products, but
securing them can become costly and is of ceng@l@vance especially in the
course of the current low interest rate environmbinthis article, we deal with the
guestion of how costly the typical types of guagastare, in the sense that they re-
duce a pension saving scheme’s financial performamnver time. In this context,
we aim to provide a presentation of insights fragtested literature studying the
impact of point-to-point guarantees and cliquetesigterest rate guarantees on the
performance of pension contracts. The comparathadyais emphasizes that, in
most cases, guarantee costs are not negligibleragrd to a contract’s financial
performance, especially compared to benchmarks,tlsatdcustomers knowingly
opt for such guarantees (or not) is, thus, indispble. To further investigate the
willingness-to-pay for guarantees in life insurarcan area for future research, in
particular for innovative contract design.
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1. INTRODUCTION

Against the background of the current low intemagé environment, guarantees are of key
importance in pension saving schemes for policyrsidand product providers. On the one
hand, they provide a minimum payoff at maturityaominimum interest rate for policyhold-
ers, for instance, but on the other hand, theyredace the performance of the pension prod-
uct to a substantial extent. We thus focus on piogia literature review of articles that study
the impact of guarantees on the performance ofrigarance and pension products.

In the literature, guarantees in life insuranceehatiracted widespread attention. In particular,
(risk-neutral) valuation of guarantees in pensiavirsy products has been studied extensively
forming one important stream of life insurancerétere, including contributions, amongst
others, by Briys and de Varenne (1997), GrosenJamdensen (2000, 2002), Tiong (2000),
Milevsky and Posner (2001), Hansen and Miltersé)©22, Gerber and Shiu (2003), Hardy
(2003), Tanskanen and Lukkarinen (2003), Barbamish Revolder (2005), Siu (2005), Guil-
lén, Jargensen, and Nielsen (2006), Gatzert amigKR007), Ledlie et al. (2008), Branger,
Mahayni, and Schneider (2010), Dong (2011), KliRgez, and Russ (2011), Schmeiser and
Wagner (2011), and Goecke (2013). To evaluate gteea based on risk-neutral valuation
techniques assumes replicability of cash flowsciwiian be viewed as a realistic assumption
for product providers, but rather not for custométslicyholders evaluate guarantees, e.g.,
based on individual risk preferences, i.e., thdinghess-to-pay for a contract and a certain
guarantee can be derived through expected utilépry or empirically by the use of surveys
(see Gatzert and Schmeiser, 2013). This forms angtheam of literature that focuses on the
willingness-to-pay for guarantees in life insurarcmmprising studies, amongst others, by
Broeders, Chen, and Koos (2011), Gatzert, Hubet,Sohmeiser (2011), Gatzert, Holzmul-
ler, and Schmeiser (2012), Maurer, Rogalla, andjediie (2013), and Bohnert, Born, and
Gatzert (2014). As illustrated in Gatzert and Sdlsere(2013), a guarantee’s risk-neutral val-
ue (lower limit) and the consumers’ willingnesspay for such a guarantee (upper limit)
form a premium agreement range for a market premium

Gatzert and Schmeiser (2013) also provide an oeraf life insurance financial products,
where they describe innovative pension productsgaleith their guarantees and distinguish
their contract design from traditional contractdiie insurance. They further emphasize that
it is important for consumers to know about theeeti§ of guarantees on performance figures,
in particular for decision-making. Thus, anotharefiaof guarantees is given in their character-
istic of influencing the performance of pensioniegwontracts, which is addressed in several
papers. However, a comparative overview of artithes studies the impact of guarantees on
the performance of life insurance contracts is dtie.



In this paper, we aim to fill this gap and conttédto the literature by providing a compara-
tive review of studies that investigate the impafcguarantees on the performance of pension
saving contracts. We thereby take two typical goi@es in traditional and innovative life
insurance into account, which comprise cliquetestghd point-to-point guarantees. In this
comparative overview, we consider the contributidnys Gatzert and Schmeiser (2009),
Jargensen and Linnemann (2012), Faust, SchmemseZemp (2012), Graf, Kling, and Russ
(2012), Gatzert (2013), Guillén et al. (2013a, 2)1&nd Mahlow, Schmeiser, and Wagner
(2013). Our study shows that there are two diffeegaproaches in the literature how to assess
the performance of pension saving contracts witirgnitees. The review further demonstrates
that the price of a guarantee in terms of lostrretwf a pension product can be of considera-
ble relevance. While in the case of a pension ggeontract with a money-back guarantee
(point-to-point guarantee), the outperformance beachmark contract substantially depends
on the chosen risk and performance measure, thergapsults with respect to cliquet-style
guarantees are more clear-cut. Pension savingaositwith cliquet-style guarantees are out-
performed by their benchmark portfolios in mostesais the considered studies.

The remainder of the paper is structured as follddestion 2 illustrates the article selection
process, specifies and classifies how performafgeimsion products is measured in the lit-
erature and gives an overview of the relevant pensaving contracts. Section 3 provides the
comparative review of the selected articles thaess the impact of guarantees on the perfor-
mance of pension saving products and Section 4 suin@s and gives concluding remarks.

2. METHODOLOGY AND ANALYSIS

As previously indicated, the aim of this paperasssess the impact of guarantees in pension
saving products on their performance based onitdmture. In order to fulfill this research
question, we start out by conducting a systemétcakture review to provide a selection of
relevant articles.

2.1. Literature review

In what follows, we describe the article selectocess leading to our choice of relevant
articles that are examined in more depth subselyuéttst of all, we draw our attention to
relevant journals in the field of risk and insurarend actuarial science (journal selection).
Out of the universe of the finance literature, éevant journals were identified with the help
of ABS and VHB rankings and journal lists. The s&tn of relevant journals comprises (in
alphabetical orderAnnals of Actuarial Sciencéstin Bulletin European Actuarial Journal
Geneva Papers on Risk and Insurance—Issues andi¢g@@eneva Risk and Insurance Re-



view, Insurance: Mathematics and Economidsurnal of RiskJournal of Risk and Insur-
ance Journal of Risk FinanceNorth American Actuarial JournaRisk Management and
Insurance ReviewRisks Scandinavian Actuarial Journaland Zeitschrift fir die gesamte
Versicherungswissenschaffo identify potential publications in the relevgournals, the
database$Veb of SciencandGoogle Scholaare used and we did not apply any restrictions
with respect to the time horizon for the selectidrpapers. The systematic article selection
process resulted in eight articles that are furthessified and examined in the following sec-
tions and is illustrated in Table 1.

Table 1. Summary of the article selection process
Database / source Web of Science Google Scholar udaearch
Keywords In topic In papers
“performance” and any of the words
“guarantee” / “pension” / “life insurance”
Number of papers 91 2,085
After screening process 2 5* 1

Notes: *the search results contain the two addaiopapers that can also be found in the
Web of Science database

Table 1 shows the article selection process congisf two steps. First, online databases are
used to scan the journals for relevant articles ¢batain defined keywords as search criteria
and supplemented by a manual search for workingnsagt relevant institutions. The set of
keywords consists of the word “performance” in camakion with any of the words “guaran-
tee” / “pension” / “life insurance”. While in thease of the Web of Science database, these
keywords are searched for in the topic of the latice., in an article’s title, keywords, and
abstract, resulting to about 90 papers. In the ohshe Google Scholar database the key-
words can appear anywhere in the paper, i.e.] iex| which results to about 2,000 potential
papers. In a second step, these potential papeesmanually scanned based on their title to
identify the relevant articles for our researchgjiom leading to eight papers after this screen-
ing process (including the result of the manuald®athat are classified and studied in more
depth in the subsequent section.

2.2. Performance measurement of pension savingreshe

The final sample of eight articles is then examingate closely and classified according to
two major characteristics, namely the type of got@ under study and the performance
measurement approach. The results show that, plym&vo major types of guarantees are
analyzed explicitly or implicitly by the papers witespect to their impact on product perfor-



mance comprising cliquet-style guarantees and fioipbint guarantees, which we focus on
in what follows. First, cliquet-style guarantees (he form of interest rate guarantees) that
have been the predominant guarantee type in taditilife insurance contracts are consid-
ered, and second, point-to-point guarantees (aseyrback guarantees) that play an im-
portant role in numerous innovative contract desigme studied (see, e.g., Gatzert and
Schmeiser, 2013).

A next criterion to classify the papers is the perfance measurement approach. The consid-
ered studies exhibit that performance and the temtut performance due to a guarantee are
measured by approaches that can be divided int@taups. The one approach calculates the
distribution of maturity payoffs and applies sevgrarformance and risk measures, whereas
the other approach determines internal rates offmefiRR) of a pension product that are
compared to the corresponding rates of a triviachenark strategy. A first overview provid-
ing the studies and their classifications with extfo performance measurement (and the two
fundamental types of guarantees) is given in Table

Table 2: Approaches to assess the performance of penaiongsschemes without and with
different types of guarantees
Risk and performance measures applied tdnternal rates of return (IRR) compared to an

payoff distribution equivalent trivial benchmark
Gatzert and Schmeiser (2009)* Guillén et al. (20138)
Jargensen and Linnemann (2012) Guillén et al. (20138)

Faust, Schmeiser, and Zemp (2012§**

Graf, Kling, and Russ (2012)*

Gatzert (2013)

Mahlow, Schmeiser, and Wagner (201.3)

Notes: *tests for stochastic dominance are condijctéFaust, Schmeiser, and Zemp (2011)
provide a summary of Faust, Schmeiser, and Zemp2§2énd thus they are omitted here;
acliquet-style guarantees are studi@gpint-to-point guarantees are studied

The first approach (left column in Table 2) caltetathe distribution of a contract’s payoff at
the end of the accumulation phase under the reddwoeasureP (see, e.g., Gatzert and
Schmeiser, 2009) These payoff distributions are calculated forefit products or product
versions containing different types of guarant€asthe basis of the payoff distribution, sev-
eral risk and performance measures are calculatedable a comparison of different guaran-
tee schemes. These risk measures include, interta® mean and standard deviation, and

! The case of the decumulation phase is considergdrgensen and Linnemann (2012), where the loligioin
of the annual payouts is determined.



several quantiles of the payoff distribution (seg,., Gatzert and Schmeiser, 2009; Jgrgensen
and Linnemann, 2012; Faust, Schmeiser, and Zen®)2@erformance measures, such as
the Sharpe ratio, the omega and the Sortino ratedetermined, which are in line with max-
imizing expected utility for an individual decisionaker (see, e.g., Gatzert and Schmeiser,
2009). Furthermore, internal rates of return anemated, e.g., based on the mean payoff or
for different quantiles of the payoff distributigeee Graf, Kling, and Russ, 2012). To make
different products containing possibly differentagantee types comparable, two different
approaches are applied. First, different contraotscalibrated that their guarantee costs cal-
culated under the risk-neutral measQrare equal for different types of guarantees (s,
Gatzert and Schmeiser, 2009) and second, riskaleguiarantee costs are charged as guaran-
tee fees and, thus, subtracted from a contractsuant value (see, e.g., Graf, Kling, and Russ,
2012). The impact of guarantees on the performahpension contracts is, thus, assessed by
comparing the contracts with and without differgnarantees by means of the risk and per-
formance measures. In addition to this, tests fochestic dominance are conducted (see,
Gatzert and Schmeiser, 2009; Graf, Kling, and R28%2).

The second approach (right column in Table 2) datea the difference between the yearly
internal rate of return of the pension saving poiddund the corresponding yearly internal rate
of return of a trivial benchmark strategy that gui@alent to the considered contract in terms
of a predefined risk measure. This approach isdhiced in Guillén et al. (2013a), where they
consider a pension saving contract with its accatiart and decumulation phase. Fixed con-
tributions during the accumulation phase and fiaeduity payments during the decumulation
phase (decreasing annuity payments alternativeéyassumed, while mortality and surrender
effects are ignored. More precisely, the pensionngacontract’s payoff distribution at the
final age, i.e., at maturity after accumulation aletumulation phase, is calculated under the
real-world measur® along with the value at risk and conditional vahiaisk, respectively.
Then, a trivial portfolio is constructed that catsiof bonds and stocks with a stock portion
(constant stock portion throughout the contraagnjdeading to the same risk as the pension
product according to the chosen risk measure. fdigolio is denoted as an equivalent trivi-
al benchmark portfolio. Based on the payoffs’ medigalternatively means) at maturity of
the considered contract and its trivial benchmdr&,yearly internal rates of return are calcu-
lated and subtracted from each other. This provédgsarly financial loss or gain of the con-
sidered product compared to its trivial benchmak.an alternative risk measure to deter-
mine the benchmark portfolio, the price of a pdo¥point guarantee against a negative pay-
off at maturity, i.e., money-back guarantee, isstdered. This guarantee has to be calculated
under the risk-neutral measu@efor both types of contracts, i.e., for the pengiooduct and

its trivial benchmark.



2.3. Overview of considered products in the setebiterature

We next present and classify the products thatcansidered in our sample of articles and
clarify their link to pension savings, an illustaat is given in Table 3. However, we cannot
go beyond short descriptions of the products odpecbclasses, otherwise it would exceed the
scope of the paper. We thus refer the reader tirecthe corresponding papers for further
details (in particular for mathematical definitipn$t can be seen that the papers comprise
various types of savings contracts from (partialjtunal fund investments with and without
different types of guarantees to traditional lfisurance products containing a saving process
with a minimum interest rate guarantee and a bdmigbution scheme. First, we classify the
considered contracts according to their embeddadagtees comprising cliquet-style guaran-
tees, point-to-point guarantees, high watermatlkakback guarantees, and the case where no
guarantee is applied.

In case of the cliquet-style guarantees or inte@st guarantees, three different product types
can be found in the papers, namely a mutual fumdsiment with a yearly interest rate guar-
antee (see Gatzert and Schmeiser, 2009), pariimgpéfe insurance contracts (see Faust,
Schmeiser, and Zemp, 2012; Jgrgensen and Linnen2&ir2; Guillén et al., 2013b; and
Mahlow, Schmeiser, and Wagner, 2013), and a Ddoishula based smoothed investment-
linked annuity scheme called TimePension (see dgegeand Linnemann, 2012; and Guillén
et al., 2013a). Traditional participating life imance contracts or also called traditional with-
profits products have been a prominent way for jpensavings and are available in several
countries, e.g. in Denmark or Germany (see Fawusim8iser, and Zemp, 2012; and Jgrgen-
sen and Linnemann, 2012), where some specificerdiffie to different national regulations.
However, the basic product is very similar in esgefPolicyholders participate in the collec-
tive savings process of a life insurance compargujh an insurance contract that guarantees
a minimum interest rate guarantee every year agyltiave the right to receive surplus (bonus
entittement). Once surplus in one year is creditethe contract, this surplus amount is also
subject to the interest rate guarantee, see, Bahnert and Gatzert (2012). Mahlow,
Schmeiser, and Wagner (2013) consider insurancieambs that qualify for the German gov-
ernment subsidization, i.e., these are called Riesintracts, but their Riester life insurance
contract resembles typical participating life iresure contracts.

The Danish product TimePension combines the ideaaditional participating life insurance
contracts with pure unit-linked policies. While ¢ase of traditional participating life insur-
ance contracts, the total interest rate (guaramatedplus surplus) is set by the management
for each year, TimePension contains a mathematieall-defined formula to calculate the
total yearly return for a contract, i.e., it comgrthe distribution of generated funds to the two



accounts. There are two accounts for TimePensiamely an individual account for each
policyholder and a smoothing or buffer account bging to all policyholders and the com-
pany, respectively (for a mathematical definitiseg, e.g., Guillén, Jargensen, and Nielsen,
2006). In a strict sense, this guarantee can be aza further type of guarantee, but we clas-
sify it to cliquet-style guarantees, since theresmilarities.

In case of the point-to-point guarantees, them@ns major group of products consisting of a
mutual fund combined with a full or partial monegek guarantee that are secured via op-
tions (see, e.g., Graf, Kling, and Russ, 2012; &§t2013; and Mahlow, Schmeiser, and
Wagner, 2013). Two further products considered raf(Kling, and Russ (2012) secure a

money-back guarantee via constant proportion patiosurance (CPPI) or an investment in

a zero-bond. Next, the high watermark or lookbag&rgntees in mutual funds in Gatzert and
Schmeiser (2009) and Graf, Kling, and Russ (201@)a#éso secured via options or a CPPI
strategy, respectively.

For comparison reasons and to measure the impagtiafintees on the performance of a
pension saving product, the papers consider benghimeestments without guarantees. The
products here basically differ with respect to ithest structure or the mutual fund’s stock
portion over time. Faust, Schmeiser, and Zemp (R0k2ude two different types of mutual
funds without guarantees, namely a mutual fund withigher cost structure and an exchange-
traded fund with a lower cost structure. Graf, iglimnd Russ (2012) include three different
fund investments that differ in their riskines®.,i.their stock portion over time, which are
denoted as equity fund, balanced fund, and lifdecfiend. Guillén et al. (2013a) consider
several different mutual fund investments thagriatia, mimic investment strategies of funds
that are available at the Danish market (unite#elih stocks 50, MarketPension, Danica,
Nordea, and PFA). These contracts do not contgumaeantee per se, but in their performance
measurement approach, where contracts are catibbat®ed on risk measures, they apply a
money-back guarantee as risk measure for all cereidcontracts (including TimePension).



Table 3: Overview of considered products in the seledteddture

Product (class) Product name

Article

Cliquet-style guarantee

Mutual fund with interest rate
guarantee

Gatzert and Schmeiser (2009)

Participating life insurance German traditionaltjzgpating

life insurance

Faust, Schmeiser, and Zemp
(2012)

Traditional with-profits life insur-
ance contract

Jegrgensen and Linnemann (2012)

Danish with-profit life insurance
contract

Guillén et al. (2013b)

Riester life insurance contract

Mahlow, Schmeiaad Wagner
(2013)

Danish formula based smoothed TimePension
investment-linked annuity scheme

Jargensen and Linnemann (2012)

Guillén et al. (2013a)

Point-to-point guarantee

Mutual fund with money-back Static option based product

Graf, Kling, and R2€:10)

guarantee Mutual fund with money-back

guarantee

Gatzert (2013)

Riester fund product with a full
money-back guarantee

Mahlow, Schmeiser, and Wagner
(2013)

Zero-bond plus underlying

Constant proportion portfolio
insurance on client individual
basis (iCPPI)

Graf, Kling, and Rus31(2)

High watermark / lookback guarantee*

Mutual fund with lookback guar-
antee

Gatzert and Schmeiser (2009)

CPPI implemented in mutual fund
(CPPI high watermark)

Graf, Kling, and Russ (2012)

No guarantee

Mutual fund Mutual fund

Exchange-traded fund

Faust, Schmeiser, and Zemp
(2012)

Pure unit-linked policy

Jargensen and Linnemani220

Equity fund**

Balanced fund**

Life-cycle fund**

Graf, Kling, and Russ (2012)

Mutual fund without guarantee

Gatzert (2013)

United linked**

Stocks 50**

MarketPension**

Danica**

Nordea**

PFA™

Guillén et al. (2013a)

Non-Riester fund product

Mahlow, Schmeiser, and Néag
(2013)

Notes: *these two products are subsequently adddessgether with the group of point-to-point guakes;
**mutual funds themselves invest in stocks and bamdl differ with respect to their stock portiorentime
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3. THE IMPACT OF GUARANTEES ON THE PERFORMANCE OF L IFE INSURANCE CONTRACTS

We next present selected articles that measure@mgare the performance of pension sav-
ing schemes without and with guarantees, while @eai$ on cliquet-style and point-to-point
guarantees representing typical guarantees irtioadi and innovative life insurance.

3.1. Cliguet-style guarantees: The case of tratiliparticipating life insurance

Four articles are considered that analyze, iniar aliquet-style guarantees in traditional life
insurance contracts with respect to their impacthenperformance of the contracts. Jgrgen-
sen and Linnemann (2012) and Guillén et al. (20K3tdly the case of Denmark, whereas
Faust, Schmeiser, and Zemp (2012) and Mahlow, Scemend Wagner (2013) focus on
Germany. An overview of the articles containingommfiation on the considered products and
guarantees, some analysis characteristics, therpghce measurement approach, and some
key findings is provided in Table 4.

As can be seen from Table 4, all considered pagtedy the pension saving schemes’ per-
formance for the contracts’ accumulation phasesilé@\Faust, Schmeiser, and Zemp (2012)
and Mahlow, Schmeiser, and Wagner (2013) focusheratcumulation phase only, Jgrgen-
sen and Linnemann (2012) and Guillén et al. (20t@badditionally integrate the decumula-
tion phase into their analyses. However, the detation phase is assumed to have a fixed
term to maturity, where mortality and surrender @oé accounted for. In general, mortality
and surrender effects have not been modeled byedgeg and Linnemann (2012), Faust,
Schmeiser, and Zemp (2012), and Guillén et al. 38D1In contrast to this, Mahlow,
Schmeiser, and Wagner (2013) consider mortalitysamcender in their model framework by
applying mortality and surrender ratios over tinasdd on market data. Furthermore, the con-
sidered papers differ in their way of handling polesfees and charges. While Jgrgensen and
Linnemann (2012) and Guillén et al. (2013b) refrfiom modeling fees, Faust, Schmeiser,
and Zemp (2012) do include different fees for tbesidered types of contracts, and Mahlow,
Schmeiser, and Wagner (2013) model fees and chargk=tail based on market data for se-
lected and representative insurance companies.dal8chmeiser, and Wagner (2013) fur-
ther study Riester contracts that are subsidizethéyGerman government, but for compara-
bility reasons they do not include government geamttax benefits in their analysis.

Next, surplus distribution with the surplus fundiffier) level at inception of a traditional par-

ticipating life insurance contract can have a adersible impact on the contract’s financial
performance over time. While all considered pamcept for Faust, Schmeiser, and Zemp
(2012) do exclude buffer effects from the analyBest, Schmeiser, and Zemp (2012) com-
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pare several different contract generations indgdhe cases, where the surplus fund is emp-
ty at contract inception or completely filled wightarget buffer rate. With respect to surplus
distribution, Jgrgensen and Linnemann (2012) applgpproach that the bonus smoothing is
“generation neutral” but omit details of the modaihile, Guillén et al. (2013b) model their
bonus distribution based on Grosen and Jgrgeng$82)2Mahlow, Schmeiser, and Wagner
(2013) assume the contracts’ surplus distributadas to be normally distributed and calibrat-
ed with market data. Faust, Schmeiser, and Zemp2{2@odel the bonus distribution based
on Kling, Richter, and Russ (2007).

As further can be seen from Table 4, all considstadies indicate that pension saving prod-
ucts with cliquet-style guarantees are outperforimganost of their benchmark products in
terms of the considered and different performaneasurement approaches. Jgrgensen and
Linnemann (2012), Faust, Schmeiser, and Zemp (2@t®) Mahlow, Schmeiser, and Wag-
ner (2013) each consider a contract including queli-style guarantee and different bench-
mark products for which they calculate several askl performance measures based on the
different considered contracts’ simulated payo$tabutions (first approach in Table 2). They
thereby use typical alternative pension saving pectglas benchmarks. Jagrgensen and Linne-
mann (2012) use a pure unit-linked contract (witremy guarantee) and the Danish formula-
based smoothed investment-linked annuity called ePension as benchmarks. Faust,
Schmeiser, and Zemp (2012) use a mutual fund andaexge-traded fund as benchmarks,
which do not feature any guarantee and which diffigh respect to their fees and charges.
Mahlow, Schmeiser, and Wagner (2013) compare théyat featuring a cliquet-style guaran-
tee to fund product with a full money-back guaranfgoint-to-point guarantee) and a fund
product without any guarantee. In contrast to t@sjllén et al. (2013b) follow the second
approach and calculate internal rates of returthefconsidered pension products with cli-
quet-style guarantees, which are compared to teenial rates of return of an equivalent trivi-
al benchmark strategy leading to the same risk wadgven risk measure (see also Table 2).
They, thereby, compare four Danish with-profit lifessurance contracts that include a mini-
mum interest rate guarantee to their trivial benatk® and find that all of these with-profit
policies are outperformed by their equivalent &ivaenchmark portfolios.
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Table 4: Cliquet-style guarantees in traditional life irsaice and their impact on performance: Insightaftioe literature

Article Products and guarantees Some analysis diarisstics  Performance measurement Some key fiading Outperformed*
Jgrgensen and - Traditional with-profits life - Consider accumulation and - Simulation of payoff distri- - Traditional with-profits life insur- - Yes/no (de-
Linnemann insurance contract (interest decumulation phase with bution in the decumulation ance contract is outperformed by pending on
(2012) rate guarantee and return focus on payoff distribution ~ phase under the real-world  benchmarks (i.e. unit-linked policy the risk
smoothing) in decumulation phase measurd® and TimePension), except for worst measure)
- Pure unit-linked policy (no - Costs, mortality, and sur- - Comparison of mean payoff market scenarios
guarantee) render are not taken into ac- and different quartiles (5%, - Pension benefits provided by the
- TimePension (a Danish count 50%, and 95%) of the pay- traditional scheme and TimePension
formula based smoothed in-- Buffer effects are not taken  off distribution in the decu-  are similar with respect to stability
vestment-linked annuity into account, i.e. model con- mulation phase and both products are considerably
scheme) structed “generation neu- - Variability measurement: more stable than the unit-linked
tral” Standard deviation, mini- product
mum, and maximum of the - TimePension provides more upside
annual pension benefit ad-  potential than the two other contracts
justment for the given set of parameters
(TimePension allows for a higher
stock portion due to its smoothing
mechanism with its “loss-limiting ef-
fect”)
Traditional scheme performs best in
the worst market scenarios (i.e. with
respect to 5% quantile of the size of
pension benefits): Attractive for high
risk-averse policyholders
TimePension performs best in all
other market scenarios (i.e. with re-
spect to 50% and 95% quantile and
average) and combines stability of
pension benefits (comparable to the
traditional scheme) with upside po-
tential in the payout phase
Faust, - German traditional partici- - PLI is decomposed interm - Performance measurement - Traditional participating life insur- - Yes/no (de-
Schmeiser, pating life insurance (PLI) life insurance and savings is based on Gatzert and ance is outperformed by the bench- pending on
and Zemp with cliquet-style interest part Schmeiser (2009) marks (MF and ETF) for low initial the initial
(2012) rate guarantee and bonus - Only accumulation period is - Simulation of the payoff surplus fund buffer situa-
distribution scheme in the considered distribution at maturity of Insurer’s initial reserve situation and tion and the
accumulation phase - Include embedded options, PLI savings part, MF, and management discretion have a con- benchmark)
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Products and guarantees

Some analysis diarsstics  Performance measurement

Some key fiading Outperformed*

- Mutual fund (MF) (no guar-
antee)

Exchange-traded fund
(ETF) (no guarantee)

bonus distribution (based on ETF under the real-world
Kling, Richter, and Russ,
2007), and management Comparison of mean payoff -
and different quantiles (5%,
25%, 50%, 75%, and 95%)

of the final payoff distribu-

Account for generation
cross-subsidization effects
Death benefit is not includ-
ed in the comparison

Cost are taken into account
for the different types of

Performance measures:
Sharpe ratio, omega, and
Sortino ratio

siderable impact on the payoff distri-
bution

ETF payoff distribution is best com-
pared to PLI and MF with respect to
the performance measures consid-
ered (Sharpe ratio, omega, and
Sortino ratio)

In case of a high level of the initial
surplus fund: PLI is better than for
MF and vice versa in case of a low
initial surplus fund

Guillén et al.

Danish with-profit life in- -
surance contracts that in-
clude a minimum interest -
rate guarantee (contracts by
Codan, Danica, PFA, and

Tryg)

Performance measurement
is based on Guillén et al.

Study includes accumula-
tion and decumulation phase
Minimum interest rate guar-
antee is decomposed in 3
components (denoted as
“blows”): (1) with-profit
mechanism does not outper-
form a trivial benchmark,

(2) the guarantee requires a
risk premium, and (3) poli-
cyholders become more risk
averse due to the saving loss
of the product

Analysis refrains from mod-
eling buffer effects, i.e. ini-
tial buffer equals target
buffer level (buffer effects
could be blow number 4)
Surplus distribution is based
on Grosen and Jgrgensen

Payoff distributions under
the real-world measui

are calculated of a with-
profits policy and a trivial
benchmark strategy (with a
fixed stock and bond por-
tion) that are equal with re-
spect to the expected short-

Based on the distribution’s
median, internal rates of re-
turn are calculated and

Costs, mortality, and sur-
render are not taken into ac-

The price of minimum interest rate - Yes
guarantees can be up to a financial
loss in returns of 0.87% per year for
a expected shortfall level of 95%
This financial loss in returns is larger
for higher interest rate guarantees
The with-profits policies on the Dan-
ish life insurance market do not con-
siderably differ with respect to the
underperformance of the benchmark
strategies

Results would have been worse, if
initial low buffer levels (the case of
2012 in Denmark) would have been
included in the analysis

Interest rate guarantees are only a
meaningful product feature for poli-
cyholder that are extremely risk
averse, e.g. at a risk level of 99.9%

Schmeiser,
and Wagner

- Riester life insurance con- -

tracts with an interest rate -
guarantee and surplus par-

Only accumulation phase
Subsidization effects (tax
benefits, grants by the gov-

Payoff distributions of the
three product types for dif-
ferent settings are simulated

Performance measures (Sharpe ratie Yes
and Sortino ratio) are best for the
non-Riester fund products (no guar-
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Article Products and guarantees

Some analysis dtarsstics

Performance measurement

Some key fiading Outperformed*

(2013) ticipation (cliquet-style
guarantee) -

- Riester fund products with a
full money-back guarantee
(point-to-point guarantee) -

- Non-Riester fund products
(no guarantee)

ernment) are not included
Contracts’ cost structures
are modeled in detail based
on market data data

ureP for a model para-

Surrender and mortality are - Cumulated embedded costs
are studied for the products
of fixed ratios per year - Payoff distributions are
compared by means of
quantiles (10%, 50%, and
90%), the mean payoff, and

taken into account in terms

Surplus distribution rate for
the life insurance is as-
sumed to be normally dis-
tributed calibrated with
market data

Modeling parameters for the
different products are based
on historical values for the
corresponding product type
and for several providers

the performance risk
measures Sharpe and
Sortino ratio

under the real-world meas-

metrization based on market

antee), second best for the Riester
fund products with a full money-
back guarantee (point-to-point guar-
antee), and worst for the Riester life
insurance contracts with an interest
rate guarantee and surplus participa-
tion (cliquet-style guarantee)

The quantiles illustrate the low vola-
tility and stable payoffs of the life in-
surance contracts compared to the
other fund products

The cost ratio, i.e. accumulated costs
related to the mean payoffs, is high-
est for the Riester life insurance con-
tracts

Notes:*indicates that a product with a cliquet-stgluarantee is outperformed by the considered beadks products (see column ‘some key findingshfore details)
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We next present the papers more closely includieg tmodel framework and some of their
key findings. Jgrgensen and Linnemann (2012) coenplae performance of a traditional
with-profits scheme to a pure unit-linked contrant a formula based smoothed investment-
linked annuity scheme that was first introducedhi@ Danish market in 2002 with the name
“TimePension” (see Guillén, Jagrgensen, and Niel&896; Linnemann, Bruhn, and Stef-
fensen, 2015). They, thereby, take both, the actation as well as the decumulation phase
into account. The with-profits scheme comprisediquet-style interest rate guarantee along
with a bonus distribution mechanism and virtualgegmbles a deferred annuity contract with
a fixed payout phase, i.e., mortality effects gneored to make the contracts comparable. In
contrast to this, the unit-linked policy does notlude any type of guarantee and in case of
TimePension, a mathematically pre-defined surplaeathing scheme is applied that does
not involve an interest rate guarantee (here, timei@ interest rate that is credited to the sav-
ings account is also allowed to be negative inyeals).

To compare the three types of contracts, the pajistfibution is calculated under the real-
world measuré for each year in the payout phase (35 years adatiom phase and 20 years
decumulation phase). However, the products’ adketadions vary with respect to stocks and
bonds, i.e., the stock portion for the traditiooahtract is 25%, 35% for the unit-linked prod-
uct, and 50% for TimePension. Thus, the averagesiperbenefits are highest in case of
TimePension. However, the traditional contract witiguet-style guarantees and TimePen-
sion have both comparably stable results, wheteasnit-linked payoffs are much more vol-
atile. In addition to this, the results show thah&Pension has more upside potential than the
traditional contracts with the minimum interestergjuarantee. Thus, they show that stable
payoffs do not have to be necessarily generatadtbgest rate guarantees, since TimePension
leads to payoffs that are comparably stable andaddeature cliquet-style guarantees. In ad-
dition to this, TimePension has a higher upsidepl than traditional products. However,
TimePension features a different type of “guardhteamely a predefined surplus distribu-
tion formula that generates stable payoffs. Theidifigs further show that the traditional
with-profits life insurance contract is outperforney the two benchmark products in all con-
sidered cases, expect the worst market scenariadich the traditional scheme performs
best (i.e., with respect to the 5% quantile ofsize of pension benefits).

Faust, Schmeiser, and Zemp (2012) analyze therpsaface of traditional participating life

insurance contracts and compare it to the perfocearf a mutual fund and an exchange-
traded fund. They, thereby, consider a particiggliie insurance contract with a cliquet-style
minimum interest rate guarantee and a bonus digimio mechanism, which can be found in
the German market. In comparison to this, the twal$ are modeled without an investment
guarantee and the exchange-traded fund is charscidny a lower cost structure than the
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mutual fund. In order to analyze the impact of ¢thgquet-style guarantee and the bonus dis-
tribution mechanism on the life insurance contsaatvestment result and for comparability
reasons, the participating life insurance contimclecomposed in a term life insurance and a
savings part with the focus on the latter. Theyhier account for the life insurer's manage-
ment discretion and for cross-subsidization effeetsveen different cohorts of policyholders,
which can play an important role in the balancessbéa traditional life insurer.

As a basis of the performance measurement, thevles the final payoff distribution under
the real-world risk measute of the three products considered, i.e., the ppdimng life in-
surance contract (PLI) in the accumulation phase,mutual fund (MF), and the exchange-
traded fund (ETF). In order to account for the sresbsidization effects, they distinguish
between a participating life insurance contractesghthe surplus fund has already been built
up by previous policyholders (“PLI contract 3”) abdtween a contract that starts with an
empty surplus fund (“PLI contract 1”). Apart fromopiding some descriptive statistics, they
first compare the mean payoff and several quantitedian, and the quantiles for 5%, 25%,
75%, and 95%) of the payoff distribution for theifeontracts, which are all highest for the
exchange-traded fund. Next, they, inter alia, apipéyrisk measures Sharpe ratio, omega, and
Sortino ratio by following Gatzert and Schmeised(@). The findings reveal that the three
risk measures lead to the highest values (bestpse of the exchange-traded fund and the
lowest values (worst) for the participating lifesurance contract that starts with an empty
surplus fund (PLI contract 1). In case of PLI cantrl, the surplus fund has first to be built
up, through which later contract generations camefiefrom. In turn, the participating life
insurance contract starting with a high surplusdf(faLI contract 3) benefits from this surplus
distribution mechanism and achieves higher valbett€r) for the considered risk measures
than the mutual fund.

Thus, they show that cliquet-style guarantees denably reduce performance compared to
benchmark portfolios, but depending on the cosicsire of the benchmark portfolios, partic-
ipating life insurance can also be competitivecase the participating life insurance con-
tracts’ buffer has already been built up (PLI caotr3). While Faust, Schmeiser, and Zemp
(2012) explicitly model different buffer stagesygensen and Linnemann (2012) assume the
bonus smoothing to be “generation neutral”, ilee buffer is kept on a certain level and a
policyholder does not have to initially build it .u@uillén et al. (2013b) also consider the
group level and do not distinguish between diffepalicyholders (on policy level) having to
build up the buffer.

Guillén et al. (2013b) analyze the performanceoof Danish with-profits policies. The focus
is laid on assessing the impact of an embeddedmumi interest rate guarantee on the per-
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formance of the with-profits policies, i.e., thegerof the interest rate guarantee is determined
and expressed in lost returns. They thereby apy@yperformance measurement approach by
Guillén et al. (2013a). Hence, they model a witbfiis strategy and compare it to an equiva-
lent trivial benchmark strategy that invests adixgoportion in stocks and bonds for the con-
tract term, while keeping the risk of the two saés equal for given risk measure, for which
the expected shortfall is applied. Guillén et 2D 3b) model the with-profit policy’s bonus
distribution based on Grosen and Jgrgensen (20@Rjhey assume the bonus smoothing to
be generation neutral (see, e.g., Jargensen amerbgnn, 2012) with an initial buffer level
that equals the target buffer level for all contsacSo, they do not consider contracts that,
first, have to build up the buffer and, thus, woblel in a considerable disadvantage to later
contract generations (see, e.g., Faust, SchmeaisérZemp, 2012). They further consider the
accumulation as well as decumulation phase ovepith@uct’'s contract term. On the basis of
the median of final payoff distribution under treakworld measur®, they calculate the in-
ternal interest rates for each with-profits polaryd the corresponding benchmark strategy.

Their findings reveal that all four with-profits li@es that exist in the Danish insurance mar-
ket are outperformed by the trivial benchmark styas on the basis of a risk level of 95%
with the expected shortfall as the relevant rislasuee. They state that the financial loss, as a
consequence of the interest rate guarantees, daneaehe return up to 0.87% per year com-
pared to a benchmark strategy. Their results digovghat the financial loss is larger for
higher interest rate guarantees. They further sti@tvthere are no considerable differences
among the performance of with-profit policies oe anish life insurance market. It can fur-
ther be seen in their analysis that minimum interate guarantees are only a meaningful
product feature for policyholders that are extrgmisk averse, e.g., at a risk level of 99.9%.

Guillén et al. (2013b) further point out that th&ffbr level in Denmark in 2012 is lower for
most of the life insurers than assumed in the papdr thus, results would have to be worse
than calculated in the paper. In addition to tkisjllén et al. (2013b) decompose the sources
of underperformance of the with-profits contractghiree components denoted as the “law of
the triple blow”: (1) underperformance arises frima mechanism of participating in surplus;
(2) risk premium for the interest rate guaranteg toabe paid; and (3) policyholders become
more risk averse after a relative loss compareddenchmark.

Mahlow, Schmeiser, and Wagner (2013) analyze thmeance of three types of pension
schemes with focus on the German Riester prodbatsare subsidized by the German gov-
ernment. First, they consider Riester life insueagontracts with a minimum interest rate
guarantee and the right to receive surplus (cligte guarantee); second, they include
Riester fund products comprising a full money-bguakrantee (point-to-point guarantee); and
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third, non-Riester fund products without any invesit guarantee are considered. In order to
compare the performance of these three types digeischemes, they conduct a simulation
analysis, where the contracts’ specific cost stmast are modeled in detail with a parameteri-
zation based on market data. While default risgnered, their model further takes surrender
and mortality into account in the form of specifigrrender and mortality rates that are ap-
plied for each year and which are also taken froanket data. Since the focus is laid on the
accumulation phase (pension period is ignored)ctmracts’ payoff distributions at the end
of the accumulation phase are calculated underehleworld measur® and are compared
via performance measures, namely the Sharpe madi®&artino ratio.

The results in Mahlow, Schmeiser, and Wagner (28h8y in respect to the contracts’ com-
parative performance assessment that the non-Riesté products (no guarantee), in par-
ticular its version with a low ETF cost structuage clearly preferred according to the Sharpe
ratio and Sortino ratio. The findings further ratile Riester fund products (point-to-point
guarantee) as second best and the Riester lifeamse contract (cliquet-style guarantee) as
third, i.e., worst in the analysis with regard e trisk measures considered. The results fur-
ther demonstrate the considerable stable payoffase of the Riester life insurance contract,
which are substantially less volatile comparechtivo other types of contracts.

3.2. Point-to-point guarantees: The case of unkdd and innovative life insurance

We next focus on studying the performance of pensewving schemes featuring a point-to-
point guarantee, such as a money-back guaranted basa selection of articles consisting of
Gatzert and Schmeiser (2009), Graf, Kling, and R@642), Gatzert (2013), Guillén et al.
(2013a), and again Mahlow, Schmeiser, and Wagr@t3)2 A comparative presentation of
these articles is given in Table 5.

As can be seen from Table 5, all considered pdpets only on the policies’ accumulation
phases, except for Guillén et al. (2013a) that thkeaccumulation and decumulation phases
into account. It can be further seen that feesdratges are ignored in case of Gatzert and
Schmeiser (2009), Gatzert (2013), and Guillen ef28l13a), whereas typical costs based on
market data are included in the analyses by GrédhgKkand Russ (2012) and Mahlow,
Schmeiser, and Wagner (2023 xcept for Mahlow, Schmeiser, and Wagner (2013);tati-

ty and surrender effects are excluded in all cared articles.

While the results in Guillén et al. (2013a) exhibit all considered Danish life-cycle pension
strategies are outperformed by equivalent trivieshdhmark strategies, Mahlow, Schmeiser,

2 See previous section for further details on Mahl8chmeiser, and Wagner (2013).
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and Wagner (2013) show that their non-Riester forodiuct without a guarantee outperforms
the Riester fund product with a full money-back rguiee (point-to-point guarantee), which

in turn outperforms the Riester life insurance cacttwith an interest rate guarantee and sur-
plus participation (cliquet-style guarantee) acouydto the performance measures Sharpe
ratio and Sortino ratio (see also Table 4).

Gatzert and Schmeiser (2009) compare a fund inwegtmith a point-to-point guarantee to a
lookback guarantee and find that the results ferprformance measures (Sharpe ratio, ome-
ga, and Sortino ratio) depend on the underlyingl fcimaracteristics and on how the guarantee
is secured (CPPI vs. option-based approach). lardance to this, the results in Graf, Kling,
and Russ (2012) also emphasize that the risk-rgitofiles are shaped by the money-back
guarantee and the approach to secure the guaravitedy has a considerable impact on a
contract’s performance. Gatzert (2013) contrastsddses of a mutual fund investment in-
cluding a money-back guarantee and no guarantediraaxithat the case without an invest-
ment guarantee leads to the highest values forStierpe ratio and omega, whereas the
Sortino ratio is highest in case of a point-to-panvestment guarantee. Thus the findings in
Gatzert and Schmeiser (2009), Graf, Kling, and R2642), and Gatzert (2013) indicate that
it depends on the chosen risk and performance meadether a contract with a money-back
guarantee is outperformed by its benchmark or not.
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Table5: Point-to-point guarante@s unit-linked and innovative life insurance andithmpact on performance: Insights from the litera

Article Products and guarantees Some analysis diarisstics  Performance measurement Some key fiading Outperformed*
Gatzertand - Mutual fund with two types - Only accumulation phase - Payoff distribution is calcu- - Case 1 (CPPI): Minimum interest - Yes/no (de-
Schmeiser of guarantees: Interest rate - Investment portfolio is lated under the real-world rate guarantee of 0% (money-back  pending on
(2009) guarantee and lookback constructed as mean- measurd® for the mutual guarantee) vs. lookback guarantee  the perfor-
guarantee variance efficient and com-  fund (conventional and with CPPI managed fund (implicit mance
- Guarantees are ensured via posed of indices for stocks, CPPI managed fund) and guarantee costs); Results: fund with measure)
two different approaches: bond, real estate, and the for two types of guarantees interest rate guarantee has higher ex-
First, risk management in- money market (interest rate and lookback) pected maturity payout, higher
struments, i.e. price of the - Mortality, surrender, and - Performance is measured standard deviation, higher probabil-
guarantee under the risk- costs are not taken into ac-  via Sharpe ratio, omega and ity of large maturity payouts, higher
neutral measur® has to be  count (besides guarantee Sortino ratio omega and Sortino ratio, and lower
paid; Second, a constant costs) - Tests for stochastic domi- Sharpe ratio
proportion portfolio (CPPI) nance (first, second, and - Case 2 (Conventional fund): Mini-
managed fund secures the third degree) are conducted mum interest rate guarantee vs.
guarantee - In case of conventional lookback guarantee for a conven-
fund: Guarantee costs are tional underlying fund (guarantee
calculated via risk-neutral cost are set to be equal); Results:
valuation (under the risk- fund with lookback guarantee has
neutral measur®) and set higher probability that value of fund
equal for the two types of at maturity is lower than guaranteed

guarantees (interest rate and payout, higher expected maturity
lookback) to ensure compa- payout, lower standard deviation,
rability higher Sharpe ratio, whereas the
omega and Sortino ratio depend on
the parameters of the underlying
fund
- In no case a first-, second-, or third-
order stochastic dominance is found
- Lookback guarantee is very expen-
sive for a fund with a high volatility

Graf, Kling, - Generic old-age provision - Only accumulation phase - Maturity payoff distribution - Repeated back-testing in the time - Yes/no (de-

and Russ products with and without a - Several product specific is calculated under the real- interval 1973 to 1999 for a contract  pending on

(2012) money-back guarantee (typ- charges are taken into ac- world measuré (for con- term of 12 years reveals internal the perfor-
ical products for the insur- count tract terms of 12 and 30 rates of return of strict greater than  mance
ance market, i.e. in Germa- - Mortality and surrender years) 0% for all considered products, i.e.  measure)
ny) effects are ignored - In case of money-back with and without a money-back

- Considered products with- - In addition to modeling the  guarantee is secured via op- guarantee
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Article Products and guarantees Some analysis diarsstics  Performance measurement Some key fiading Outperformed*
out any investment guaran-  future maturity payoff, tions: Guarantee price is de-- Results do not show first order dom-
tee: Equity fund, balanced products are compared by  termined under the risk- inance of one product compared to
and life-cycle fund means of sample illustra- neutral measur® and sub- another, i.e. a product’s risk-return
Considered products with a  tions and back-testing tech- tracted from the underlying  profile has to suit a customer’s de-
money-back guarantee: niques fund in terms of guarantee gree of risk aversion
Static option based product, - Single and regular premium fees (option based product) - Equity fund without any investment
zero-bond plus underlying,  payments are compared - Distribution of maturity guarantee exhibits the highest varia-
constant proportion portfo- benefits are compared based bility of the maturity payoff (as ex-
lio insurance on client indi- on: (1) risk-return profiles pected)
vidual basis (iCPPI), CPPI including the expected re- - Different approaches to provide a
implemented in a mutual turn and several quantiles money-back guarantee (static option
fund (CPPI high watermark) (5%, 25%, 50%, 75%, and based product, zero-bond plus under-
95%); (2) internal rate of re-  lying, iCPPI, CPPI high watermark)
turn (IRR); (3) risk result in considerably different risk-
measures: shortfall probabil- return profiles, inter alia (for single
ity that the IRR falls below premiums and a 12 year term): (1)
a threshold of 0%, 0.01%, iCPPI's upside potential resembles
and 2%; expected shortfall  the equity fund, but at the cost of a
(contingent on a return less  median maturity payoff close to 0%;
than 0%); conditional tail (2) static option based product exhib-
expectation (CTE) at 95% its a lower upside potential than the
level of IRR; and (4) first iCPPI; (3) zero-bond plus underlying
order stochastic dominance results in the least volatile final pay-
is tested for offs; (4) CPPI high watermark leads
to the lowest expected return
- Regular premiums (vs. single premi-
um): iCPPI payoff median increases
and is even higher than for the option
based product
- Contract term of 30 (vs. 12) years:
Expected shortfall is higher for prod-
ucts with money-back guarantee
Gatzert - Mutual fund with and with- - Investment is 100% in - Follow Gatzert and - Expected final payoffs minus the - Yes/no (de-
(2013) out an investment guarantee stocks Schmeiser (2009) for meas- premium payments is highest in case pending on
(point-to-point guarantee - Only accumulation phase uring performance, i.e. final  of no guarantee along with the high- the perfor-
including a money-back - Costs, mortality, and sur- payoff distribution is deter-  est volatility mance
guarantee) and different render are not taken into ac- mined under the real-world - The case without an investment measure)

premium payment schemes

count

measurd® and compared

guarantee leads to the highest values
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Article Products and guarantees Some analysis diarsstics  Performance measurement Some key fiading Outperformed*
- Annual savings are com- with the risk measures for the Sharpe ratio and omega
pared to upfront savings, Sharpe ratio, omega, and (which represent a less risk-averse
each for the case withouta  Sortino ratio decision maker), whereas the Sortino
guarantee, with guarantee - Guarantee costs are calcu- ratio is highest in case of a point-to-
for upfront costs, and with lated under the risk-neutral  point investment guarantee
guarantee with an annual measurd) and kept equal to - Values for Sharpe ratio and omega
percentage fee make different settings decrease with an increasing invest-
comparable ment guarantee level, whereas
Sortino ratio increase for higher
guarantee levels
Guillén etal. - Danish life-cycle pension - Accumulation and decumu- - Contract’s payoff distribu- - All trivial benchmark strategies with - Yes (all
(2013a) strategies of the year 2007: lation phase is considered tion at maturity (i.e. at age a constant stock portion (which con- pension
5 products from the largest  with constant and decreas-  90) is calculated: (1) under tain the same risk as the pension strategies are
companies in Denmark ing annuities; accumulation  the real-world measure to product according to a certain risk outper-
(Danica, PFA, Nordea, and  phase starts at the age of 30 determine the value at risk ~ measure) outperform the considered formed by
SEB with Market Pension with yearly premiums of 10  (VaR) (or conditional tail life-cycle pension strategies by the trivial
and TimePension) and 2 until the age of 60, then expectation (CTE)) on the largest Danish insurance companies benchmark
trivial strategies (both unit-  constant annuities pay an 5% level based on the dis-  (Danica, PFA, Nordea, and SEB) portfolios in-
linked in accumulation annuity of 10 per year until  tribution’s median (or cluding the

phase and one is also unit-
linked in payout phase) are
considered

- Contracts’ investment pro-

cess and return mechanisms

are transparent, i.e. known
to the policyholders at in-
ception of the contract

- Products are compared
without an investment guar-
antee and a point-to-point
money-back guarantee is
considered in form of fair
guarantee prices

the age of 90 and decreasing

annuities pay an annuity of

20 for 10 years and after-

wards 5 for 20 years, i.e. un-

til the age of 90

- Sum of premiums equals
sum of annuity payments
(for both types of annuites)
and wealth at the age of 90 -
is studied

- Mortality, surrender and
costs are not taken into ac-
count

mean); (2) under the risk-
neutral measur® to deter-
mine the fair price of the
point-to-point guarantee at
maturity (to provide annuity
payments until maturity and
not to have a negative pay-
off at age 90)

Based on one of these 3 risk
measures (VaR, CTE, fair
price), an equivalent trivial
benchmark strategy with a
fixed stock portion through-
out the contract term with
the same risk is determined
Internal rates of return per
year are calculated based on
the median (or mean) of the
final wealth distribution un-

cases where
all strategies
are equipped
with a mon-
ey-back
guarantee)
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Article Products and guarantees Some analysis diarsstics  Performance measurement Some key fiading Outperformed*

der the real-world measure
P

- Difference of internal rates
of return for the product and
the benchmark is considered
as yearly financial loss of
the pension strategy (or

gain)
Mahlow, - See Table 4 See Table 4 See Table 4 Performance measures (Sharpe ratie Yes/no (de-
Schmeiser, and Sortino ratio) are best for the pending on
and Wagner non-Riester fund products (no guar- the bench-
(2013) antee), second best for the Riester ~ mark)

fund products with a full money-
back guarantee (point-to-point guar-
antee), and worst for the Riester life
insurance contracts with an interest
rate guarantee and surplus participa-
tion (cliquet-style guarantee)

Notes:*indicates that the product with a point-toit guarantee is outperformed by the consideratthmarks products (see column ‘some key findirmgshbre details)
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Moreover, we present the considered articles inentmtail, while for Mahlow, Schmeiser,
and Wagner (2013) we refer to the previous section.

Gatzert and Schmeiser (2009) analyze the impaahwafstment guarantees on the perfor-
mance of a mutual fund. They thereby consider types of guarantees, namely a lookback
guarantee and an interest rate guarantee. The étseires a minimum interest rate on the
premiums paid and is evaluated at maturity whibhst represents a point-to-point guarantee
at maturity. They further distinguish between tvases for ensuring a guarantee. First, a con-
stant proportion portfolio insurance (CPPI) strgtegcures a guaranteed payoff and does not
require a separate payment for guarantee costg 8iey are implicitly contained in the strat-
egy. Second, a conventional fund is considered, whesegtharantee price calculated under
the risk-neutralQ has to be paid for risk management instrumentsrdier to compare the
two types of guarantees, the mutual funds’ paydiridbutions at maturity are calculated un-
der the real-world measuRe In case of the conventional fund, the fair gutgarprices are
set to be equal, i.e., the interest rate guardates is calibrated such the guarantee prices of
the interest rate guarantee and the lookback gtesame equal. The payoff distributions are
evaluated with different risk measures includingegan, the Sharpe and Sortino ratio. They
further test for first, second, and third degrexisastic dominance.

In case of the CPPI managed fund, a minimum inteats guarantee of 0%, which resembles
a point-to-point money-back guarantee is compaveddlookback guarantee. The mutual fund
equipped with the money-back guarantee leads tigleehexpected maturity payoff with a
higher standard deviation compared to the looklgckrantee. The performance measures
indicate a higher Sharpe ratio for the money-backrgntee and lower values for the Sortino
ratio and omega compared to the lookback guaraiieegase of the conventional fund, the
guarantee costs for both types of guarantees aegjgal by adjusting the interest rate guaran-
tee level, which is, thus, greater than zero. selts show a higher expected payoff for the
lookback guarantee with a lower standard deviatiompared to the interest rate guarantee
for equal guarantee costs. The results of the tliskeneasures depend on the riskiness of the
underlying fund. While all three risk measures laigher for the lookback guarantee for a less
risky underlying portfolio, the Sortino ratio anchega are higher for the interest rate guaran-
tee for the more risky portfolio. The findings foer show that a lookback guarantee is very
expensive for an underlying portfolio with a higblatility. Furthermore, in no case a first,
second, or third degree stochastic dominance isdou

Graf, Kling, and Russ (2012) compare the perforreasfcseven old-age provision products
on the basis of risk-return profiles and downsidk measures. Each of these seven products
represent a category of a typical pension savihgrse for the accumulation phase, e.g., in
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the German insurance market. On the one hand,dbesider contracts without any type of
investment guarantee, i.e., three out of the sewefracts are either a pure equity investment
(100% stocks and denoted as equity fund) or agat€onsisting of stocks and bonds, where
the stock portion is constant over time (50% staks denoted as balanced fund) or decreas-
ing over time in case of the life-cycle fund (stagtwith 100% stocks). On the other hand,
four contracts are considered that feature a mtaey- guarantee at maturity (point-to-point
guarantee), which is provided in various ways: dfh)equity fund investment is combined
with the purchase of a corresponding option thauess the point-to-point guarantee (option
based product); (2) single premium or contractcoaat value is invested in zero-bonds and
an equity fund, where the money-back guaranteehseaed by the zero-bond investment
(zero-bond plus underlying); (3) the contract's@aeot value is dynamically reallocated be-
tween an equity fund (risky asset) and bond investr(risk-free asset) according to a policy-
holder’s individual constant proportion portfolinsurance strategy (iCPPI); and (4) single
premium or contract’s account value is invested mutual fund featuring a CPPI strategy to
secure the money-back guarantee (CPPI high watkymafhile the paper aims to support a
customer’s decision-making process toward the rgrision saving product in accordance
with the customer’s needs, it also compares persagimg products with and without guaran-
tees. The paper thus illustrates and assessemplaeti of a money-back guarantee on the per-
formance of pension saving schemes, in particufégrdnt ways of ensuring this guarantee
are compared.

In order to compare the contracts, Graf, Kling, &uwss (2012) calculate the maturity payoff
distribution under the real-world measiéfor contract terms of 12 and 30 years). In cdse o
the option based product, i.e., where the money-lgaarantee is secured via options, the
guarantee price is determined under the risk-nleneasure) and subtracted from the under-
lying fund in terms of guarantee fees. The resgltistributions of the contracts’ maturity
benefits are then compared based on risk-returfilggancluding the expected return and
several quantiles, the internal rate of return (JR&d downside risk measures. Furthermore,
they test for first order stochastic dominance.

The results show that the impact of a money-baekaniee on the performance of the saving
product varies depending on how the guaranteecizaé. First, they do not find one superior
pension scheme with respect to first order stoahdsiminance, i.e., products have different
risk-return profiles that suit different customeriseds. A ranking for single premium con-
tracts (with a contract term of 12 years) in regardhe expected maturity payoff starts with
the equity fund (without guarantee) that genertiteshighest expected return, followed by the
products with guarantees, i.e., the iCPPI, theooptiased product, the zero-bond plus under-
lying, and lastly the CPPI high watermark. Howewehen comparing the payoffs’ medians
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this ranking changes considerably and starts wighzero-bond plus underlying, followed by
the CPPI high watermark, the option-based prodardd, lastly the iCPPI. In turn, the iCPPI
with the money-back guarantee has an upside patehtt is comparable to the equity fund
that features no guarantee.

Gatzert (2013) studies the performance of a mufwadl for different premium payment
schemes and for various levels of a point-to-pmiméstment guarantee. In the model frame-
work, an investment of 100% stocks is consideratitha portfolio’s final payoff distribution

is calculated under the real-world mead@yavhile guarantee prices are determined under the
risk-neutral measur® and kept constant for various cases to make thmmparable. For
evaluating the performance, Gatzert (2013) foll@edzert and Schmeiser (2009) and applies
the preference-dependent performance measureseStadig omega, and Sortino ratio to the
simulated payoff distribution at maturity. Gatz€®013) highlights that the performance
measures that are being applied to evaluate riskrrg@rofiles have to be in line with the de-
cision makers’ risk preferences. The Sortino ragpresents a measure for more risk-averse
policyholder, since the downside risk is therebyliexly taken into account, while the
Sharpe ratio is rather for less risk-averse pobdgtrs and omega is in between these two.

The results in Gatzert (2013) contrasting the cagsés and without the point-to-point in-
vestment guarantee show that the expected fingbangiffs exhibit the highest value and the
highest volatility in case of no guarantee, whidesl then not include any downside protec-
tion. Thus the findings for the case of no guaramtes preferred by policyholders that decide
on the basis of the Sharpe ratio or omega, sireie\hlues are higher for these cases than the
Sortino ratio. In contrast to this, the Sortindoas highest in case of a point-to-point guaran-
tee, e.g. a money-back guarantee. The findingbdunteveal that the Sortino ratios increase
with an increasing value of the point-to-point qaraee, whereas the Sharpe ratios and ome-
gas decrease in the corresponding cases.

Guillén et al. (2013a) analyze and compare theopmidnce of pension strategies that are
available in the Danish market and they therebyothice a new approach to measure the
products’ performance. In total, seven differemdurcts are considered. Five contracts are
products by the largest insurers in Denmark, nardegica, PFA, Nordea, and SEB (with

Market Pension and TimePension) and two contraetdrevial investment strategies with a

fixed stock portion for the accumulation phase #relwhole contract term, respectively. For
each pension strategy, the investment processedmighrmechanism is given by a mathemati-
cal algorithm in case of TimePension or simply bg stock portion function over time in

case of the six other strategies, i.e., the pradact transparent to the policyholders. The
model framework does further take the accumulaéind decumulation phase into account,



27

where premiums are paid for 30 years (from ageo380) and afterwards annuity payments
are received either as constant or decreasing @ itor 30 years (from age 60 to 90). Mor-
tality and surrender is thereby ignored. These €lasVs are fixed a priori, i.e., the premiums
are set to 10 per year (for 30 years) and the ahpayments are 10 per year in case of con-
stant annuities (for 30 years), and in case ofabsing annuities the payments are 20 for 10
years, followed by 5 for 20 years. While thus tbmf premium payments is set equal to the
sum of annuity payments (for both types of annsijtiehe final wealth at maturity (at age 90)
has to be studied and can also be negative me#mabghe annuity payments to the policy-
holders would have to be discontinued prior to mtin such a scenario.

In order to assess a contract’s performance, tadyymternal rate of return is calculated. In a
next step, this rate is compared to the interrtal @areturn of an equivalent trivial benchmark
strategy. A trivial benchmark is given by an invesht strategy with a fixed stock portion
(and the remainder is invested risk-free) withgame amount of risk as compared to the con-
sidered pension strategy expressed by a relevsktnmeasure. Thus, the contracts’ payoff
distributions at maturity are calculated. Firsistts done under the real-world measBréo
determine the two risk measures value at risk amdliional tail expectation by means of the
distributions’ medians and means (at a 5% levedLo8d, the fair price of a point-to-point
guarantee that ensures the ability for annuity pays until maturity (i.e., that the final
wealth is not negative) is calculated under thk-msutral measur€). For these three risk
measures, the equivalent trivial benchmark strategre determined. Finally, the difference
of the yearly internal rates of return for the pensstrategy and its equivalent benchmark is
considered as financial loss per year. The reshltsv that all considered pension saving
strategies are outperformed by means of the ydiadycial loss by their benchmark strate-
gies.

4, SUMMARY AND CONCLUDING REMARKS

In this paper, we provide a presentation of setestadies that investigate the performance of
pension saving contracts with investment guarardedswhich thereby (explicitly or implic-
itly) study the impact of these guarantees on #réopmance of the pension products. In par-
ticular, we focus on two types of guarantees, ngirtied cliquet-style guarantees that can typ-
ically be found in traditional life insurance caatts, and point-to-point guarantees, such as a
money-guarantee that is often applied in innovdifeansurance financial products.

The review of the considered studies shows that tae be classified in two groups with
respect to their performance measurement approadingsles belonging to the first group
simulate the pension contracts’ payoff distributiorder the real-world measupe(including
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the guarantees under study) and evaluate theirggdistributions by means of risk and per-
formance measures. Apart from comparing payoffihistions of contracts with and without
guarantees in the first approach, articles in dwsd group contrast internal rates of return of
the considered pension product with internal rafegturn of an equivalent trivial benchmark
strategy, which is composed of stocks and bondks fied portions over time. Equivalent
relates here to the calibration of the benchmarkf@m that has to lead to the same risk as
the pension product for a predefined risk measure.

Overall, the results show that guarantees in pansaving products are expensive in the
sense that they can reduce a contract’s performargeh considerably depends on the type
of guarantee. In addition to this, financial guaeas have a substantial impact on the charac-
teristics of risk-return profiles. In particulahet studies show that not only the guarantee it-
self, but also the way the guarantee is securgd, \ea a CPPI strategy or by risk manage-
ment methods such as options, plays an importéatimeshaping a contract’s risk-return pro-
file along with its risk and performance measuFaesthermore, results differ for the two con-
sidered types of guarantees. In case of the poiptint guarantees, mostly analyzed in the
form of a money-back guarantee, results do notigeoa uniform picture, i.e., the articles’
findings demonstrate that it depends on the paatiaisk and performance measure whether
a contract featuring a money-back guarantee iseoisipned by a benchmark contract or not.
In contrast to this, the results of the consideaditles mostly agree with respect to cliquet-
style guarantees and exhibit that traditional pemsiaving contracts including a cliquet-style
guarantee are in general outperformed by variomshyeark products. This also holds true
for both performance measurement approaches. Hemechmark products comprise an
equivalent trivial benchmark portfolio as statea\bd and also further pension saving prod-
ucts as typical life insurance financial produdtse considered studies further exhibit that the
analyses mainly focus on the contracts’ accumuligtivases, whereas a comprehensive study
including the accumulation and decumulation phasenly conducted by two papers, which
might further be interesting for future research.

In summary, we provide a traditional literatureiesv of studies that assess the impact of typ-
ical guarantees on the performance of pension gastiategies, while we thereby focus on
cliquet-style guarantees and point-to-point guaasit Results show that guarantees can have
a considerable impact on shaping a pension sawngyact's payoff distribution and on the
overall contract’s financial performance. While tmmsers should be aware of that and know-
ingly choose guarantees that fit their needs, ersushould provide guarantees when design-
ing new life insurance financial products, for whicustomers are knowingly willing to ac-
cept a reduction in performance.
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