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Abstract

The buyers ofraditiond participating life annuitiewith a yeafto-year guaranteseem to

have different preferences for participating life ann(ftlyA) product design than product
providers. We investigate into this phenomenon from both demand and supply side using
a full-fledged stochasticcompanymodel. Our focus lies on the detailed modelling of
surplus appropriation moded§Ve distinguish between the requirement to use local
accounting principlefor estimating the absolute surplus amount and the meadkesistent
valuaton requirements fom risk-based solvency framework.aking both views of
beneficiary and annuity providewe analyse the impact of surpluses usirtijty
equivalent comparisorand study the effects on the economic balance sheet as well as ruin
probabilties. Besides investigatinigng-termproduct design effects for PLA, we also take
the possibility offixed life annuitiesinto account We demonstrate a crucial role of
surpluses and successively tackle the problem of their estimation for the entity annu
contract lifetime in a stochastsolvency framework. We show that methods and strategies
of surplus distribution as well as their estimation can have big effects for annuity providers
and beneficiaries, thus explaining the enapily observed discrgmcies.



Contents

Y 013 1 = ToX AP P PP PR PPPR PP 2
L0} 1= o1 £~ PR 3
O [ 1 70 o [ 6o 1o o AP PP PP PPPPPP 4
2. Surplus Participation Systems and their Role in Lifetime Benefits.................cc e eereeeee, 7
3. ECONOmIcC BalanCe ShEEL..........cccoiiiiiiiiiiemi et 12
VB o Tod o = 1S3 i To 1Y/ T Yo L1 111 Vo R 13
4.1, ASSEEMOUEL......ceiiiiiii et 14
4.2, MOIAILY MOGEL......eiiiiiiiiiii et e e ener e e e e e e e e e e aannes 17
4.3, Liability MOEL.......coo i 19
4.3.1. Local GAAP BalanCe ShEEL..........uuiiiiiiiiiiiiiicee et eeee e 20
4.3.2.  ECONOMIC BAlANCE SNEEL......cciiiiiiiiiiiee et eeee s 24
4.4.  Utility Equivalent Fixed Life ANNUITY.........coeiiiiiiiiiiiiieeei e eeeseee e e 26
B RESUILS .. anne s 27
L 01 T (] o 27
52 Pol i cyhol.der 0.8, Mo Wi eeeeneenanananes 28
5.2.1. Participating Payout Life ANNUILY............uuuuiiiiiiiiire e eeen e 28
5.2.2.  FiXEd LITE ANNUILY.....oiiiiiiiiiiiiiiiie et eeer e e e e e e e s emmr e e e e e e e 30
53. I nsur e i Bconoic Balance Sheet ANAlYSIS...........vvvviiiiiiiiiicnniiiiiiiieeeeee e 32
5.3.1. Participating Life ANNUILY.........ceuiiiiiiiiiiiieemi e een e e e e eeeeaeeeas 32
5.3.2.  FiXEd LITE ANNUILY.....oiiiiiiiiiiiiiie et e e e e e e e s emmr e e e e e e e 35
5.3.3. Development of the Economic Balance Sheet [tems over.time...........ccccvvvvieeeeeeeenns 37
5.4, RUIN ProbDability......coooii ettt e 38
L T O] T 11 ] 0] o PO PP PPPERPPR R PPRRI 40
7. REIEIBINCES ...t e e e e e e e e s e m e e et e e e e e e e e e 43
8. FIgures and TabIes.... ...ttt r e e eas 46



1. Introduction

Have you ever been in the situation, where you searched for certain product characteristics,
and learned that, for some reason, they were scarce in the market? Natuthnetve
searched for something really unusual, such as generous family domicile with spacious
garden and swimming pool in the midst of a leading global city. You would expect, for
example, a party caterer to offer its services also on weekends andftetheon rather

than only in the early morning hours, and would be surely very surprised to learn that only

a few of them are really doing so.

This paper explores participating or withofit life annuities (PLAs), which is the standard

product offeredn the German life insurance market. PLA is a financial product offered by

life insurance companies where, in exchange for arefumdable premium, annuitants

receive guaranteed minimum lifelong bereeindadditional yearly surpluses. These non

guaranted sur pl uses depend on the |ife insurero0s
the annuitanpool. Realised surpluses are distributed to policyholders in two different
participation schemes: surplus annuitisation and direct payment of surplusase of

direct payment, the policyholder receives yearly l[esum payments. In case of surplus
annuitisation, it becomes part of the guaranteed benefits in subsequent years (see Maurer

et al. 2013).

We find some intriguing empirical indications that for Rlthe participation scheme
predominantly offered by life insurance companies may not be the most purchased by
annuitants. On the supply side, we analyse the current and historical quotes provided for

PLA with annuitisation and direct payment of the surpdu&)sing data on historical quotes

for PLA with annuitisation and direct surplus payment, represetitimgast majority of

the tariffs offered by annuity providers in the German insurance mavkeadiscover that

the number of quoltuess ammruitthies aotpita noon ifiss utrwi c e
of quotes for the opt i bThisi® Duenotanly forpmeyt,ment of

but also for historicatjuotes, whichare availablesince 1996. Obviously, companies are

! Data provided by Morgen&Morgen, a comparison platform for brolascurent quotes, & retrieve
quotes for an immediate participating life annuity at a cost of atireontributiono f G 1 00ma@D 0 f or
and femalesiged 67 in 2017.
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more interested to off@roducts with surplus annuitisation. On the demand side, we see,
on the contrary, that the majority of the customers prefer products with direct payment of
surpluses. We use this empirical fact as a starting point for our detailed investigation on
possiblereasons for preference differences on the demand and supply side. On the demand
side, the reasons can primarily lie in the payout differences for analysed annuity types, on
the supply side, the reasons can stem from the means to account faartariblities

affected by both the biometric and the capital market risk.

In risk-based solvency frameworks, markensistentvaluation ofnsur er 6 s asset s
liabilities, especiallythe valuation of expected future surplusesnismaportantchallenge

for theannuity providerYet, thischallenge opens the door for a detailed analysis of both

the annuity providero6s position in terms of
influence of surplus participation on the utility of the annuitant. Thisasstarting point

of our paper.

A participating life annuity gives the beneficiary a contractual right to receive lifelong
discretional additional benefits based on such factors as mortality and investment
performance as a supplement to the guaranteed fiinimum benefits. The participating

life annuity is traditionally the main product in the German market Gi2¥ 2016. In

many Far East countries such as Hong Kong, Malaysia and Singapore, there is also a
market for participating annuities. For the WS majority of top ten writers of annuity
business according to Insurance Information Institute offer participating annuity or life
insurance products, although no publicly available statistics is available on their
importance. Participating annuitiegealso offered for occupational pension plans such as

for example TIAACREF. Profit participating products are also part of the product range

in Canada and UK. The rise in the popularity of participating life annuities stems from
their risksharing abilitybetween the annuitant and the annuity provider by simultaneously
offering guaranteed level of income, which is extremely valuable in the environment of
rising longevity, declining interest rates and sophisticated regulation. Statistically, for the
US marlet, PLAs fall into the category of variable annuities, which experienced
considerable growth in the recent years (see IRl 2016), and already have a big share in the
portfolios of American retirees: approximately 75% of annuities held are variable

annuities while only 25% of annuities held are fixed annuities (Gallup 2013 and 2009).



There is a growing literature investigating the use of annuities as retirement income
instruments For the fixed annuities, these are studiegviilgvsky and Young (2007),
Horneff, Maurer, and Rogalla (201Gbr variable annuities, studies Rychter and Weber
(2011), Maurer, Mitchell, Rogalla, and Kartashov (20tBhame only the recent ones.
These studies focused, however, only on the demand side, exploring the welfare

implications for different types of variable or fixed life annuities and purchase timing.

Only a few takea viewpoint of annuity supplier and surveyed the incentives or perils to
offer a certain product type. Most recenijen and Yogo (203) investigatehe impact

of financial and regulatory frictions on the supplyd pricingof life insuranceCharupat

et al. (2015) demonstrate deferred and asymmetric responses of annuity providers to
changes in interest rates. Kojen and Yogo (2016) model and quardifgffécts of
tightened and complex regulation on shifting life insurance and annuity liabilities to
reinsurers. AlDarwish et al. (2014) stress the unintended consequences of complex

regulations for cost of capital and risk migration.

In our paper, we Idoat the least surveyed type of annuitiggrticipating life annuities

(PLA) i because of their very special income streams. Over the lifetime of the PLA
contract the importance of the discretional surpluses increases in the light-lohgedk
solvencyframeworks, such as Solvencydi the Swiss Solvency Testhich model the
development of own funds and the ruin probability based on the market valuation of assets
and liabilities. In addition, the surplus cash flows can be considerably steered byghoosi
the legally permitted methods to assign and pay out the surpluses to the policihioéder
influence on both the annuity provider and the beneficiary has ot db@mined in

details, yet.

We follow the approach chosen by Maurer et al. (2@b@)exarme both the demand and

the supply side of PLA annuity contract. On the demand side, we consider different PLA

designs such as different surplus attribution methods and surplus participation strategies

and determine their i onipharimgutlityequicatfentixedrdifei t ant 0 s
annuities (UE FLAs). We also take into account different kinds of annuitants, based on

their risk aversion and subjective discounting factors.

Lately, snoothing of the value of assets came under fire stemming frificutties in

assessing a real financial status due to lack of transparency, which becomes especially



relevant in the presernow interest rate environmentlaurer et al. (2016) show that
smoothing really provides positive economic effects on annuitatg@osed to findings
by Guillen, Jorgensen and Nielsen (2006) and Jorgensen (2004). In our paper, we enable

an analysis of smoothingcurred the econoimeffects for annuitargdndannuity provider.

On the supply side, we look at own funds and the rrobability as key indicators. In our
paper, we also address the challenges posed by a marig$tent valuation of asset and

liabilities and the necessity to value future discretionary benefits for the PLA.

Our aim is to find out whether the preferencéthe annuity provider in choosing the type

of annuity and surplus participation characteristics are the same as for the beneficiary using
arisk-based solvency framewaqrke. marketconsisteny al uat i on of i nsurerod
liabilities as well as thdetailedvaluation of expected future surplus®ge also aim to

back our findings against our preliminary empirical evidence.

2. Surplus Participation Systemsand their Role in Lifetime Benefits

In our analysis, we focus on PLAs as they are offeredan@erman market, where this
annuity type is the main product.donsiss of fixed guaranteedlifelong benefitsand a
variable nonguaranteed surplus. The fikedefitsdepend on the guaranteed interest rate,
whichis set at the time the polidg issuedand remais unchanged during the lifetime of

the contractThis actuarial interasrate employed fopricing is usually limited by the
respective maximurtechnicalinterest rate prescribed by the supervismughorities (see

865 (old) and § 88 (new) VAG)n 1994, the maximum technical interest rate for all life
and annuity insurers was set at 4 percent per year. Aftervitandss stepwise lowered to

0.9 percent in 201For deferred annuities, in the face of capital market volatility and low
interest rate, more and more insurance companies include in their insurance conditions
the right to resathe guaranteed interest rate at the beginning of the payout phase based on

the market conditions.

Nonguaranteed surpluses in the annuity business result fromegjulatory requirement

tochoose the calculation basisprudeatlp d depend on insurerdés expe



and expenses as well as on the performance of the investment porffbi®ss why,
according to German regulation, life insurease tadistribute thebulk of nonguaranteed

surplusego policyholders.

Table 1 shows the total surplus developmerGefman life insurers for thgears 2005

2012 and the share of the total surpluses allocated to the policyholders. Despite the
considerable ddine in the absolute amount of industsyde earned surplus (from 14 bn

in 2005 to 9 bn), the share of surpluses distributed to the policyholders remained stable in
the area of 90%. This means that the absolute amount available to the insurance company
ard thus the ability to strengthen the ks&aring capital, becomes small&ue to a
progressiveeduction of guarantees during the low interest rate environment the role of
surplusexcomes into focusind thus issues connected to surglistribution, progction

andestimaton are contemporary very relevant.
Table 1 here

The mainsurplus sourcesf an annuity providerbacking both the guaranteed and nhon
guaranteed surplus part for the policyholders, stem from tealkm mortalityreturnand

the assetreturn. Mortality returnstems from the difference of anticipated and observed
mortality in the pool of insureds whibesset retur@arises from the difference between the

net investment returrend the interest rate used to calculate guaranteed benéRis (G

The environment of low interesdtes, the pressure to lowgrarantees and thetiaduction

of risk-based solvency frameworlhallengetraditional product design in the German

market. Especially thesustainability of theparticipating life annuityproducs in their

current formto the insurer anthe correspondinganni t ant 6 s | i fdressedme ut i | i
In our paper, we investigate the influence of different profit participation modes on the

insurer and beeficiary in a general setting.

Figure 1depictsthe split of surpluses in risk and net investment return for-2009 as a
percentage of the gross premium earned. During these five years, the surpllifes by
insurers declined by more than two percentage points, from more than 14% in 2009 to
approximately D% in 205. The risk return remained with approximatei§ %o relatively
stable, while the net investment return declined considerably from levels comparable to
risk return in 2002010 to approximatel$% in 205. In the current low interesates
environment, the net investment returns of insurance companies are expected to decline
8



further, as the bond investmenttsaring high interest are ending and not offered to the

same long lasting conditions, thus lowerthg surplus even further.
Figure 1 here

In 2015, thelife Insurance Reform Act (LIRA/LVRGgame into force. Since thengw

regulations apply to profit distributioas well astada he i nsuredds partici
unrealieed reserves, distribution of dividends, specification of ditatwlity indicator,

accounting of acquisition costnd reduction of the guaranteed interest rétbe Act

specifies the sources of allocable policyholder surplussset returns, mortality returns

and other returnsAt least 90% of each the mortalignd net asset returns have to be

distributed to the policyholders according to the latest regulation, with the possbility

offsetting negative asset returns by positive mortality or other retinowever

Policyholders can choose the way of participatin the distributed surpluses. Several

surplus participatiomodesare available.

Surpluses ar@ot guaranteedhut German life insurers traditionally preferred to keep
surplus rates stable over timmt leastto maintain theadditionalsenseof stabilty their
customers were seekinghis isachiewed by usingaccounting and actuarial techniques
permissible under accounting standaetsepted in Germany. The goal hereby is to
employ surpluses from good years to cover for total benefit payouts in bexd kea

discussion ometurn smoothingee Maurer et a(2016).

An additionalbig challengdor insurers is to estimate future surplus payments according

t o di fferent surplus participating strategi
insolvency risk.This issue becomes crucial especially with the introduction of Solvency

I, which requires to cover for loagrm guarantees and future distributed surpluses to the
policyholders on the one hand, but allows to account for future surpluses assigned to

sharéolders in the calculatiorf own funds on the other hand.

For policyholders, surpluses are essential as well, as they determine the income stream

from annuities considerably, especially in times of low and cautiously chosen guarantees.

We take the viewof both, insurance company and the policyholder, and analyse the
influence of different surplus participation designs on the stability of the insurer and on the

utility of the policyholder. We note that at the end of the tihay both points of vievare
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connected PLAs were nofanalysed very detailed so far and we close this idaprer et

al. (2016) is, to our latest knowledge, the latest paper, comprehensively explaining the
function of the PLA an@nalysng it from both the viewpoint of annuity providend the
beneficiary.

Any PLA has a series of embedded guarantees, such as an interest rate guarantee and a
mortality rate guaranteevhich at the end of the day determine the surpiuEbese
guarantees are already analysed in the literature predominakithg only the view of

either insurer or the beneficiagling et al. (2007a) and Kling et al. (2007 ibyestigate
theinsir er 6 s r el i a bntefest traje guararitdeBaen et al. (2006) and
Zaglauer and Bauer (2008xamine the interdepdanciesbetween the guarantees and
interest rate levehs well asGatzert and Kling (2007) and Eling and Holder (20483

come thesimilar result. Gatzert et al. (201@pks at the guarantee problem from both the
policyhol der and ethighightsthe slefaulterisk@sa cpnedordoghe c t i v
investigated parties and stresses the willingness of the beneficiary to sacrifice some
guarantees in order to lower the default fiskthe insurance compangchmeisser and
Wagner (2013tonsider the féect of regulating thenaximum interest rate

Only a view researchers look into the choice of produatkile the bulk of research
concentrates on life insurance products in their saving phase, there are only a view
contributions examining the productaibe. Bohnert et al. (2015for examplefocus on

endowment contracts and temporary annuities

Our paper fills the literature gap afatuseson annuities in the payout phase with an ex
ante unknown duration and thus very high potential influensergiuses and guarantees

We introduce thestochasticity of the capital markets and the mortality withifully

fledged assediability-model with interdependent balance sheet posfiarboth the local

GAAP and theeconomic balance she&ur model allowdor annually changing own
funds position, which constitutes an important difference to comparable studies such as
Gatzert et al. (2012)The later study focuses on the deferral phase of an endowment
insurance with surpluses either increasingdbath andurvival benefitspr reducing the

contractdurationwith no surplus smoothing

10



In ourpaper,we analyse two ways to assign surpluses to the policyholder, which we call
surplus participation methods, and two ways to actually disburse the assigned surpluses

which we call surplus participation strategies.

First participation method is the annuitisation of surpluses using the same calculation
inputs as at the contract signing. By this method,case of positive surpluses,
policyhol der 6s igceeasm@ The seeodd method is dimectypayiment
where the guaranteed part of the annuity remains unchanged during the whole lifetime of
the contract and serves as the lowertlidsnnual surpluses added tmp of the guaranteed

annuity paymenwithout annuitisatiorvary annually and may be zero as a minimum.

The consideredaticipation strategiesre smoothednd unsmoothed surpluses. FHoe

first strategy the funds ardransferred to special balance sheet positiorike profit
participation resees. There are two types of profit participation reserves (RPPRé
committed (CPPR) and the uncommitted (UCPPR). Once the funds are in the CPPR, they
have to be disbursed to the policyholder within the following business year, which means
the alreadyd@sting guaranteed annuity is topped up. This augmentation is guaranteed and
permanent for the surplus annuitisation method, and onlyimmeand not guaranteed for

future periods for the direct surplus distribution method.

The funds in the UCPPR serve aduffer, as their payout to the policyholder can be
deferredfor a couple of years. There is no outright time limit for funds in UCPPR, but the
maximum amount of allocation to this reserve type is restricted and depends on business
volume, the amount dfinds in CPPR and the net average asset réfimaUCPPR enable

the insurance company to offer stable profit participation ratesaolerg period of time,

that is,theso-called smoothing of payouts. Smoothing is popular with the customers, as it
givesthem additional impression of securityjt recently was criticized fahe lack of
transparency, see Maurer (2016) for detdilsurpluses are left unsmoothed, there is no
buffer account and the whole amount of allocated surpluses to the policyhelget anto

the CPPR.

Although the surplus pot, available for the beneficiaries is the same for both surplus

participation methods and surplus strategies, handling of the surpluses results in

2see MindZV_811, Bundesgesetzblatt Jahrgang 2016, Teil I, Nr. 18, issued in Bonn on
21st April 2016 for details.
11



considerable differences both from the standpoint of the palidgh and the insurance

company.

For the annuity providers, the choice of participation mode defines the amount of
guarantees: If the surpluses are annuitised, the newly annuitised part adds each year on top

of the previous yearlthg i mgoaatonsd@ ot ed sh ewictompahly
liabilities. The correspondingicreasedeserve is builtsingthe guaranteed interest rate

and thus the choice of tigglaranteed interestte is of a crucial importance for the amount

of liabilities. The choice otlirect paymentnethod results only in the initial guarantees on

the part of the insurer. Once established, the surptusagansferred to the CPPR and paid

out to the policyholderentirely within the next business year while the guarantee remains

restrided to the level agreed upon at the time of contract signing.

We investigate both surplus participation methods (annuitisatiordiemct paymerjtas
well as both possible strategies (with smoothing and without smoothing) for their effect on

i nsurfkeirloist gtand policyholderdés utility.

3. EconomicBalanceSheet

With the FrameworBirective on Solvencyl by the EU Parliament in 20G8e foundation

was laid for a Europwide harmonized, principleriented insurance supervisory system.

In the following weare considering Solvency Il as our representativebraded solvency
framework.The valuation is based on the idea of calculating a transfer \aidethus
guantifying insurerbé6s obligations in a mark
consist of te Best Estimate of Liabilities (BEL) and a@sk margin for norhedgeable risks.

There are several proposals for calculating the risk margin, one of them is a cost of capital
approachThe BEL states the expected present value of all fudash flovs concening

the insurance obligationgistifying the need of a stochastic simulation motltetase of

a participating payout life annuity future discretionary benefits (FDB) are an important part
of the cash flows. Existing profit sharing mechanisms fdeternination, allocation and
distribution of surpluses depend the respective locaGAAP book valueswhich means
thatfor a consistenprojection of future surpluses it is inevitable to apply the local GAAP
within the market consistent valuation of liab@giln order to derive the key figure of the
economic balance sheet own funds (OF) of an insurance company the market value of

assets is compared to the technical provisidisturther calculations are based on this

12



indicator, e.g. the solvency capitaquirement (SCR) which shall cover for unexpected
losses with respect to existing business. The SCR corresponds to thatrakef own

funds with a confidence level of 99.5% over a-gear period.

In thispaperwe wantto offera detailed analysisf the basic economic balance sheshs
used for a lot of further calculations under fisksed solvency frameworks. This is why
we consciously avoid the analysis of the S&Rcompounded figure, babvering the
detailed developments over tinigeing avareof different calculation approaches for the
SCR, for example the standard formula or an (partial) internal medelensure
transferability byproviding a general, simplified economic balance sheet without risk

margirr.

Our contributions consists, anmmwthers, in setting up an -@oving, consistent balance
sheet, linking the annual changes in cash flows profit and losses, assets and liabilities to
each other. Due to the fact, that we analyse the participating life annuities in a setting
typical for theGerman market, we have to work with two types of balance sheet for the
same company. The balance sheet set up according to the Gercoamnting principles

(HGB, referred to as local GAAPis used to determine the surpluses, whereas the
economicbalance sket is used to determine the influence of the surplus distribution
met hods and strategies on i ns uWealdvsfor o wn
stochasticity in the financial markets, mortality and therefore, our asset liability model fully
refleds the main risk sources of an arnyyproviderenabling research focus on the effects

of different surplus methods and strategies.

4. Stochastic Modelling

In order to model the effects stemming from local GAAP accounting interacting with
economic valuatiorunder Solvency Il exactly, our analysis is twofold: As long as
annuitants are alive in the respective cohort we annually set up a stobtbeEtiGAAP
balance sheet. Threodel is based on the work by Maurer et al. (2014). From this point we
base the evahtion of the economic balance sheet on a stochastic, future cash flow

3 E.g. in the widely spread standard formula the SCR within thedlfesant risk modulets calculated as
the difference between unstressed and stressed own funds based on the assumption that the risk margin is
constant, i.e. the risk margin is neglected.

13
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projection using Monte Carlo simulations. Again, future cash flows are determined

consistently by projecting the German GAAP balance sheet for every year.

4.1.AssetModel

Our insurance compg invests in dividend paying stocks and coupon bonds following a
constant mix strategy. That means the portfolio must be adjusted every year to maintain
the target asset mix by selling the assets outside of the limits set by the target share. The
reallocaion takes place when the insurance company sells assets to meet its annuity benefit
payment obligations. Annuity benefits are paid both from the resolution of hidden reserves,
i.e. the asset sale at market prices, and asset income consisting of digitiéredsipons.

The onefactor CIR term structure model determines the development of bond prices. The
short ratei under the realorld P-measure in a frictionless and continuous market

follows a square root diffusion process:

(0] . ¢zl Qo i o h
1)
wherey ,° are positive constantg, is the volatility parameter, and 1T, if
¢l ' " andw beng a standard Wiener process.

Under riskbased solvency frameworks insurance companies mogdprown funds for
their future longterm liabilities which are often due in more than 40 years. Therefore, they
need cash flows projections under the -ngkitral measure under which these payment
streams are assessed as expected discounted valuesvé@lassume the existence of a
risk-neutral measur® equivalent tdP. In case of the standard assumption for the market
price of riskry ¢ _ 17, and, consequently, the following relations 4

and’ —, the dynamics under the risleutralQ evolve as follows:

Q ‘o zi Qo , i w h
()
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where w is a standard Wiener process un@Qemeasure. The term structure of interest
rates is affine. For a detailed derivation of #eeo bond prices within the ClRodelsee
Maureret al.(2013.

We assume investment only in coupgmaying par bonds, because our insurance company
must earn the guaranteed interest rate each year and is thus interested in sources of a stable

income. The bond pricg at timeOwith fixed maturity”Yis therefore calculated as

6 6 f wtAGPYHQ o A@PY®HY o h (3)

with & the face valueg the constant coupon rate oveand'Y ot the t-period spot
rate at tme 0 The coupon rate is reliant on the current term structure and is determined at

the issuance of the bond:

. p A@pPYdiy o .
® ———N
B A@bPYhQ o

(4)

with 6 0 0 .

We follow the assumptions i@ EIOPA for a yield curve under the rigleutralQ-measure

for very long durations without liquid information from the capital market. The ultimate
forward rate (UFR), currently 4.2%, is a value that reflects the interest rates of the past
decades and isipplemented by forecasts for the economic development. The convergence
period to the UFR varies, depending on the currency betwe8&0 Y8ars. According to

the European insurance supervisory EIOPA companies should gradually approach this rate
from year 20(assumed to be the last liquid point) to 40 reaching 4.2 %. Based on the
simulated CIRmodel under the riskeutralQ-measure, in a second step we extrapolate
the yield curve starting in year 20 finalizing in a forward rate of 4.2% after 60 years. This
yield curve is used for discounting to determine the expected present value of future cash

flows.

15



The calibration of the term structure model is based on historical spot rates of German
Federal Securities with 1 to 15 year maturity. We use data providedehysdhe
Bundesbank over the period March 1993 to June 2009

Table 2 here

We estimate the parameters of the interest rate model with the data until 2009, since a
significant interest rate reduction was introduced by the ECB as a part of its quantitative
easing policy. Including data after 2009, would lead to a laegn level of the short rate

of about 0%.We assume, however, that the extremely low interest rate environment is not
permanent in the long term. In order to provide a generalized model ai@ fedim market

data since 2010 for the calibration of our CIR model.

Stochastic market prices of stocks follow a geometric random walk. Stock prmedve

according to

Y Y 0Q Y 0Q T 6 ¢ Qb
)
Y Y 0Q Y 0Q ~ 6 & QOh
wherei andi is again the shortrate, and x 0 t -, h, is the log excess
return undeP-measure and *x 0 -, h, is the log excess return under

measure. As the insurance compamnyst finance periodic annuity payments, it relies on a
regular asset income stream. That is why we explicitly model divid@ngdaid on stock
holdings under the reaborld P-measure. There are no dividend payments in aneskral

framework. The amual dividendO based on a fixed dividend yield evolves per

O Y 2Q ph (6)
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The development of the stock prices and dividend rates relies on DAX Total Return Index

and DAX Price Index over the same time intervallesterm structure calibration. This

results in the following estimates: the risk premium/dfift (-, ) is equal to 1.1%, the

volatility parameter,(  is equal to 30%, and the fixed divider () is 2.1%.

Besides assets atnds our company also has a company cash acoowttich bears

the oneyear spt rate given by the CHodel.

4.2.Mortality Model

As usual in the German insurance business for pricing we usstocmstic modeling
derived by the DAV (German Actuari8lociety) for a mortality table for annuities (DAV

2004 R). These pose tables for the expected mortalities in a certain year for a certain age:
on the one hand estimated realistically (estimates of first order), on the other hand with
security loadings (eishates of second order). It might be possible to use mortality of first
order to forecast the development of our insurance company, but as we want to analyse the
detaled, pathwise evolution we neadtochastic mortality model. Focusing on immediate

life annuities in order to predict systematic longevity risk we follow a stochastic,

extrapolative, twefactor model the CairnsBlake-Dowd mode| see Cairns et a2006).

This model is designed for modeling longevity risk in pensions and annuities asdegrov
a good fit for higher ages by exploiting the nearliogarity of the mortality curve The
stochastic dynamics of t Né Ragdfanapersonagedd act ua

X at time t are set to

N~ . ~ ~

I TAREO 1 T€e—)=! ! 3700 @h (7)

where@is the average age of the considered age range, ! 3R j is assumed to be
a twodimensional random walk. dfe precisely, the stochastic factor;, which can be

interpreted as the o6l evel d of mortality, 1is

4 By choosing the CBBnodel we neglect the minor effect in our context of the podsiliili trend assuming
in mortality. For details see Bdorger (2013).
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allages. Thefactdr;,, al so call ed t he O-depengeethortalityef fi ci e
shocks.

For the purpose of forecasting mortality rates we use a bivariate random walk model with

drift, which is characterized by

0 T 0 ww |, (8)
with drift fof6, V, the | ower triangul ar G&HKie) esky ma
x 1w ) and: , atwodimensional standard normal random variable.

We calibrate the CBD model to ddt@m Human Mortality Database (192013 for
German males and females) ising OLS regressiGnHence, we receive the subsequent

parameter estimates for our model:
Table 3 here

To forecast longevity risk precisely we not only have to incorporate systelmagevity
risk, which represents the uncertainty about the variation of mortality rates over time but

also idiosyncratic longevity risk, which displays the uncertainty about individual lifetimes.

Thus, the idiosyncratic longevity risk is incorporatedittie number of individuaDat
time t by consisting of indicator variablé&® for every male or femal&) & RQ in the

cohort showing their life status:

5> Specifically, we use the German Life Tables (period 1x1) for Males and Females; last modified:
April 10, 2016, versiotMPV5 for the period 199@013 See http://www.mortality.org.
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where the variablg, is equal to 1 if the annuitadE E plB HNI ) is alive at timeD

and it is O if the annuitant is dealthe sequence of these variables states a Markov chain
for each annuitarfwith

00 WQ p N 5h (10)

withN  h'Q @& RQ being the actual mortality rate of an annuitant agattimeQwith

4.3.Liability Model

Our insurance pifolio is made up exclusively of immediate PLAs which consists of
lifelong guaranteed payments as well as additionalquaranteed surpluses. Every
annuitant in the cohort paysaeoff contribution.The fundamental principle in actuarial
mathematics wvih its applications in the insurance practice, particularly in life insurance,

is the actuarial principle of equivalence of contributions and benefits. It says that, if the
pool of annuitants is sufficiently large, the present value of premium paymerlte by
policyholder and the present value of benefit payments by the insurance company have to
be equivalent. The initially guaranteed benefit paymégtsof an annuitant of ag@is

calculated with the premiuid and an annuity factor (expression in pdneses), that is

given by
50 Ot R
B n (11)
p Q
where 1 b P N is the kperiod survival probability at agg ] are the
actuari al mortality r at ecmmeadeckbythdGeonan A DAYV
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Actuarial Society, is the terminal age of this mortality table alads the interest rate

guaranteed at ye&'We do not consider explicit costs in terms of loading in our model.

4.3.1. Local GAAP Balance $ieet

After having showedhe dynamics of the asset side we now turn to the liability side and
set up a simplified GAAP balance sheet at time t with positions which we will explain in
the following section

Assets (Book Values) Liabilities
Equity CapitalO
Company Casb -
Uncommitted PPRYS 00
Stocks'Y Committed PPR 0 'Y
Bondso Actuarial Reservey

The asset side consists of a cash account called company cash, as well the book values of

the bonds, which coincides with the nomiaanount under the German GAAP as we

assume them to be considered as to held to maturity. As we suggest that the insurance
company aims to generate stable book wvalue
payments stocks are also valuated at histiocmsts. If market and book value of bonds or

stocks at selling time does not coincide a gain or lossaissed by the dissolution of so
called hidden reserves. The biggest positi ol
sheet is the actuarial mse. As we use the same interest rate for pricing and reserving and

we are considering immediate annuities'@m@annuitants of the same age at the same date

of purchase the initial actuarial reserve equals the total premium inéome0 t O

Afterwards, the development of the actuarial reserve depends on the guaranteed benefit

60 , the annuitant factor (formula in brackets) as well as the number of anni@ants
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® Of 60 t ——— 8 (12)

The actuarial reserve plays an important role as it determines the amount of assets the
insurer is required to maintain in order to ensure the fulfillment of contract obligations.
Besides, for participating payout life annuitiesdatieir different kinds of surplus
participation modes two more balance sheet itéms § A'YS 0™0) have to be taken into
account, which depend on the respective allocation of the total annual surplus of the

insurance company. The threef@nnual surplus appropriation can be tracdeigare?2:
Figure 2

Step 1: Surpluses arise due to cautious calculation assumptions. To decide about the further
application of these surpluses the total amount of annual sutpBusf the insurance
compaty has to be determined primarily. As we neglect costs, the remaining sources of
surplus are the mortality return2 and the asset retutr?2 less the interest on actuarial

reservg?2 building the total annual surplus

Y 0'Y &Y oY (13)

The annual mortality return stems from the difference between actual mortality and
mortality assumed for pricing. The annual asset return results from the iffe@sthe

remaining reserve aft@annuity payments and evolves according to

8 (14)

This interest consists of the number of stocks(ts) held inyeargt r(1 7, $ (A" )
is the dividend (coupon) payment for each stock (bond). Additional, weréahsed gains
or losses compared to the price at purcliasgr 3 3 from sellingr p number 6

stocks at market pric. Accordingly, we have &ealied gain or loss from selling j
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bonds at market pricé relative to a book value ¢f is given byr " " 8The

sum of dividends, coupons arehlised gains is divida by the book value of the assets at
the beginning of the year. If stocks or bonds with different book values are sold it is made
use of the FIFO rule.

Besides these two sources of return the insurance company has to pay annual)inBerests
ontheaatar i al reserve | ess this yearods benefit

guaranteed interest rate.

Step 2: Subsequently, the total annual surplus has to be allocated between policyholder and
company. The allocation is subject to regulatory requiremesgerdling on equity and
solvency capital as well as the sources of return. The maximum avdisnallocated if

the solvency requirement is fulfilled. Otherwise, policyholders receive at least 90% of
mortality and asset return less interest on the actuasarve. Additionally, there is the
possibility of offsetting negative results from the asset return minus interest on actuarial
reserve with other sources of surplus, in our case with a positive mortality surplus as we
ignore costs. If the insurer istrable to meet the solvency requirements but still has equity
capital a regulatory minimum surplus is allocated. The complete surpluptibkehe

annuity provider if itis out of equity capital. Policyholders are not involved in a negative

sum of surplg’

After allocation to the policyholder the remaining profityY o "Yis kept in the company
and increases or decreases the equity capital. As long as solvency requirements are met a
fixed dividend ratg¢ of the current equity capital is paid to the shareholders at the end of

each period.

The surplusal | ocati on depends on previous yearo0s

explained in the next section.

Step 3: Surplus distribution I s necessary if
smoothed over time as n@moothing of surplus does not requithe position of a
contingency reserve calletYd 0'Y0. Smoothing of surpluses, however, means the

assignment of allocated surpluses to the two items of the balancedsbe#t and

8 Theabovementioned regulatory requirements are valid since introduction of the Life Insurance Reform
Act (LVRG) in 2014. Before that, inter alia policyholder where eligible to 75% of mortality surplus and
offsetting negative returns with positive returns frother risk categories was prohibited.
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Y6 0™0. While surpluses associated to the committed PPR are distributed directly to the
policyholder in the following year, the uncommitted PPR operates as a collective buffer
account that stores and releases surpluses over time in order to even the total annuity
payouts to the policyholders. The annual division of allocated surpluses to thesersvo ite

is performed by an optimization algorithisee Maureet al.(2013).

In such kinds of local GAAP book value balance sheets smoothing happens twice, directly
and indirectly. The latter is an asset smoothing performed by denoting the book value and
thusgaining some distance from market fluctuations. The direct smoothing is elaborated

by the use of the provision for premium refund items.

Benefit payment§0 consist of guaranteed benefits plus surplus participation. Depending
on the surplus particgtion method the guaranteed benefit is increased by the additional
surplus30 or kept at its initial level. We have to differentiate between two cases: direct
payment and surplus annuitisation. In the first case the guaranteed benefit is kept constant
at the level of the initially guaranteed benéfit and surpluses assigned to the committed

PPR are paid out singularly to the annuitant, i.e.

60 60 Y h (15)

v 60W¥h (16)

for t>0. In the second case of surplus annuitisation, surpluses become paguai #reeed

benefit and annually increase its level by dnauitied committed PPR, which is

60 60 Y h (17)

e
oc

(18)

As it is usual inthe insurance practice to give surpluses to the annuitants in advance, we

assume a positive initial surplus at t=0.
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Finally, we have all necessary items to set up the balance sheet. The corresponding asset
position to the equity capital and committed PREhe company cash. Stocks and bonds

in turn add up to the uncommitted PPR and the actuarial reserve. The local GAAP balance
sheetis set up in each year. As mentioned above, these balance sheet items are the reference
values for surplus appropriationcathus needed for an accurate, in the sense of consistent,

determination of surplus development.

4.3.2. EconomicBalance 3eet

The basic idea of the Solvenll balance sheet is a markainsistent valuatioof all assets

and liabilities. Taking market valuesthe asset side the determination of the market value

for liabilities is quite challenging due to high dependency on financial market and mortality
developments. Hence, these positions have to be determined in a stochastic cash flow
projection model. We asme a the existence of risleutral probability measure Q
equivalent to P under which payment streams can be valuated as expected cash flows
discounted at the riskee rate. Since especially the value of future payments stemming
from surpluses is path depdent und cannot presented in a closed form, we use Monte

Carlo simulation.
Figure 3 here

For every year t we set up the full local GAAP balance sheet for the remaining lifetime of
the considered cohort of annuitants with stochastic mortality as vatb&sastic bond and

stock evolution under the realorld measure P. This is the basic structure for the next
steps to derive an economic balance sheet for every point in time where people in the cohort
are alive. To this end we have to determine the clastsfof the insurance company
originating from the status quo under the real world measure at each point of time. In
practice, the stochastic cash flows on the liability side are usually estimated
deterministically by historic experience and determinedarsgely from the asset side.
Often, a reason is limited computational capacity. But the consistent determination of cash
flows can only be derived with an interacting Akfodel. Especially, the future surplus
determination depending on asset as well dslitya figures needs a detailed forecast.
Consequently, in our model we again set up the GAAP balance sheet, but now under the

risk-neutral measure Q, for every point in time to derive stochastic cash flow projections.
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With the help of the projected futucash flows we are able to determine the best estimate
liabilities 6 O 0. They correspond to the expected present value of all future payouts
including guaranteed benefit paymeat® 0 as well as future surplus paymef@0 6
depending on the respective smoothing and surplus mechanism. The own)fliGaise

the residual item from the market value of assets and best estimate liabilities. Eventually,
we are able to set up a simplified economic balance sheet including themadntems:

Assets (Market Values) Liabilities
Company Casb Own fundsb "O
Stocks'Y Future Discretionary Benefit®O 6
Bondso Best estimate guaranteed liabiliti@sO 0O
with
600 2 60 19
0 p 2 HBp (19)
< op P 60 ,
°0V T 2@ (20)
‘005 800 505 P ® )
o0 o0Ov o00OvU 5 W (21)
00O 6 Y 6 0600 "004¢g
(22)
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with 2 Bp the spot rate deducted analogously to EIOPA at time j, N the number of
simulations,6 0 the benefitpayment on path n at time) the surplus payments

beyad the up to time t guaranteed benefitpath n atime |.

As we consider single premium contracts the best estimate liabidlif@$consist of the

expected present value of all future annuity payments considering guaranteed payments

and surplusedepending on capital market development and the dying process for every
considered cohort on different pathhe best estimate guaranteed liabilities

0 'O0 assumes a constant payment of the achieved guaranteed benefit at time t, i.e. in
caseof surplus annuitisation the guaranteed benefit includes the up to time t distributed
surplus in the committed PPR. In case of direct payment the guaranteed benefit stays at the
initial level. The difference between those two items constitutes the exjpeeseht value

of thefuture discretionary benefit©O q i.e. the part of surplus that is distributed to the
annuitants. Summarizing the market value of

liabilities we receive the residual value of own fupd¥

In practice usually these items area | cul at ed as fAbest esti mates
concerning the number of survivors in the cohort or the amount of surpluses. As these

values form the basis of all further calculations underbaséed solvency frameworks, in

this paper we concentrata the accurate calculation of these figures (in terms of path

dependent stochastics in mortality and capital market developments) by projecting the

entire local GAAP balance sheet for each point of time. More precisely, we develop all

items of the balare sheets for different surplus mechanisms and the-rielEing

accounting principles.

4.4.Utility Equivalent Fixed Life Annuity

The fixed annuity is alongside with tparticipating payout life annuity alswery popular
product in the international insuree marketfor example, for thelefined benefit plans.
For that reason, wiake the fixed annuity as means of comparative measwrsearch for

the fixed annuity offeringhe same expected lifetime utility for the annuitintas the

participating annuity
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h (23

by using a time additive CRRA utility function,f) ;hQ & HQ the gendespecific
survivalprobability of an inlividual aged x¢ the coefficient of relative risk aversion and

r< 1 is the individual sé subjective time pr.
corresponding the annuity we calculate the utility equivalent fixed life annuity (FLA) by

transformigp t he annuitantds utility:

Y
00 6 O 2 P T 8 (24)

In our case,lte FLA shows which lifelong guaranteed aodnstant income stream the
annuitant is willing teexchange foa PLA with patentially highuncertain surpluses, while

maintaining the same utility.

5. Results

5.1.Setup

The insurance company setisly single premium immediate participating life annuities

for a premium ofd 1 0 0,,whi€hQs also the initial resenand initially has a insured

pool of5,000 women and 5,000 mbothaged 67. Due tdifferences in male and female

mortalities, the gender composition of the pool changes over Eorecalculation of

benefits a guaranteaaterest rate of 2.25% and life table DAV 2004iRused, resulting

in an initially guarantee@nnualbo enef it of 05, 392. The premium
paying par bonds with an initial maturity of 10 years and dividend paying stoc&sding

to aconstant mix strategy with 10%90% ratio for stocks/bonds, as well @&s a cash

accountWe yearly set up local GAAP balance sheet including stocks, bonds and a cash

account on the asset side, while the liability side consists of equity capital, actuarial reserve
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and two surpluaccounts CPPR and UCPPR. The initial equity capital equipment amounts
to 1.9% d the actuarial reseryavhich is in line with the marketWVe focus oranalysng

the longterm effects of differenprofit participationmethods (anuitisation vs direct
payment) and strategies (smoothiwgnonsmoothing of surplusesjepending on the
captal market and mortality experience. The nested simulation is performed for 5,600 real

world scenarios and 100 risleutral scenariofesults are stable up to 1% variation.

Our model follows the usual practice of immediately guaranteeing the surplugés fo

first benefit payment year, which slightly increases the amount of the guarantee for the
first year as TheoimtpldPRRd UGPBR isidet,td32923.25%hjch

are also usual figures in practicdhis introduces differences between thaetually
guaranteed amount for the first year depending on surplus participation methods and
strategies, and thus the variations of liabilities for the first year. Surpluses in all other years

are at not known and thus not guaranteed at contract signing.

In case that annuitisation of surpluses is chosen as profit participation method, these farther
surpluses become guaranteed and increase the lifelong guarantee liabilities once they are
declared and transferred @PPR or UCPPR. For surplus participatiorform of direct
payment, theallocatedsurplusesaretransfered to the CPPR andhayed outtompletdy

without delayto the annuitant.

The surplus participation strategy allows for surpluses to be smoothed, that is kept
relatively stable over many peri@dThis is achieved by transferring some part of annual
surplus to the UCPPR and usiagurplus algorithm to determine the amount and time of
disbursement to the annuitant in the following years. The surpluses can also be left

unsmoothed, that is transfed in whole to the annuitant after determination

52Pol i cyhewder 6s

5.2.1. Participating Payout Life Annuity

We take the view of a policyholdédirst and investigate the influence of different surplus
participation modes orthe benefit development and the resjpve utility. Figure 4

represents the simulated development of the total annuity benefit payments for a
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representative annuitant froage67 to age 95for both profit participation schemes with

and without smoothing. Dagk color represerghigher probattity mass.

Figure 4 here

First, let us look at annuitisation and direct surplus payment mdanogh the first sight

it becomes obvious, that during the first ten annuitisation years the total benefits for the
direct surplus payout method are highaarttfor the surplus annuitisation methddhe
possible benefit range for tltgrect paymenmethod isalsoconsiderably higher in these
years. After the age of 80, the benefits for the annuitisation method remarkably increase,
as well as the range of thegsible outcomes, so that at the age of 95, the lowest possible
outcome for the annuitisation method is approximately at the same level as the best
possible outcome for the direct payment method for any surplus development scenario.
The range of attainabfeyouts at the end of the payout phase is quite big, and depends on
the capital market and mortality development: When the annuitisation of surpluses is
applied, the policyholder can be certain that an annuity level reached once cannot be
lowered, as newusplus comes on top of already existing guarantees from the previous
years. Especially in the first decades, direct paymentnethod may lead to higher total
benefits in a particular year as compared to the annuitisation method, but this level is not
guaanteed and can change depending on the surplus situation in the following years up to
the guaranteed pa®urpluses are paid out one year after they are earned. Thus, for this
payout method, mortality in the insured cohort and asset development hakecta di
influence on the development of benefits. This explains the visually observable higher total
benefit variability of the direct payment method as compared to the even outcomes of the

surplus annuitisation method.

Next, let us look at the differencegtiveen smoothed and unsmoothed surpluses: For
surplus annuitisation, especially during the last annuitisation years, the range of attainable
outcomes is slightly higher for smoothed surpluBes direct paymengfter the filling the

buffer account duringhe first annuitisation yeara,higher variability of annual outcomes

can be observed during the whole lifetime of the cofmrtunsmoothed surplusder
reasonalready mentioned in the comparison between the surplus annuitisation and direct

payment, amely the direct influence of mortality and asset development.
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Higher benefits from the beginning of the payout phase, offered by the direct payment

method can be a desirable quality for many custamers

Profit participation and distribution methoHave dfferent effects on both the beneficiary

and the insurance comparfor annuitantspver the lifetime of the annuity contract, the

timing and amount of arriving surpluses crucially determines the utility. For annuity
providers, surpluses apartlyaccoungd for aoown funds and partly aslditional liability.

Thel i o n 6 ef susplusess @located to annuitantsthusncr easi ng i nsureros
The risk of suchliabilities should be assessed properégpecially inthe risk-based

solvency framewds.

5.2.2. Fixed Life Annuity

The fixed life annuiy (FLA) is in many countries dominant old age produciyhich
exhibits theadvantage of clarity about the expected payouts: At contract signing, a lifelong
payment of a fixed amount is guaranteed, resultingifurther financial obligations on

the side of the annuity provider. This guarantee makdsA comparabléo the guaranteed

part of the PLA. Thainknowndistributionof surplusesat contract signinghowever, is

missing for FLA

Using the FLA with its guaranteed fixed payouts a reference produyste produce an
easy to handlmdicator for measuring the differences between different types of PLAs and
different annuitant characteristicd/e calculatethe utility equivalent fixed life annuity
(UE FLA): It transforms gartly variable, due to surplus distributiomcome streanof a
PLA into an annuity with fixedenefit paymentbut the same utility for the annaiit. We
distinguish betweemnnuitants with different risk aversions and subjective discoginti
factors using the relative risk aversion coefficients o0f2/5/10 for low/medium/igh risk
averse annuitants andsubjective discount factors of 0.98/0.96/0.94 for
patient/normal/impatient annuitants. The UE FLA® different profit participation
methods and strategies as well as didferent annuitantharacteistics are displayed in
table 4:

Table 4here

In our analysis, weatculated the respectiv¢éE FLA for a participating life annuity with

an initially guaranteednnualbb e n e f i t For&ll sur@us gAid@pation methods and
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surplus distribution strategies, the increase in risk aversion decreases the attractiveness for

a PLA Let us look, for example, at the PLA with smoothed surplus annuitis&iora

subjective discount factor of @@&nd a coefficient of a relative risk aversion oti® UE

FLA 1054, whig for the same subjective discount factor and a risk aversion of 2 it is
approxi mately 0800 B43Jheanfluermenisicormparableriotal t o U6
surplus participation methods and strategies. This is explained bgdhnat for a risk

averse individual participiain in uncertain possiblyhigh, surpluses in case of a faable

business developmeistnot very valuable.

For any risk aversion, the decredsethe subjective discount factaalso reducesthe

attractiveress of a PLAFor example, for theame relative risk aversion ofthe UE FLA

i sbBor the subjective discount factor of 0.
factor of 0.94 That means for patient individuals the PLA with annuitisation and
smoothing is more valuable than for an impatient annuitant, ashetafits increase

significantly in later perioddn absolute terms, the subjective discount factor has slightly

lower influence than the risk aversion.

For the analysis of the surpfumfluence weconsider an investor with risk aversion

coefficient of5 and the subjective discount factor of 0.96. For sudhnvestor, the most

desirable PLA has unsmoothddect paymenof surpluses: The BEF LA i s Imhi7, 37 4.
general, annuitisation or smoothing causes a lower and later payout of suifihesesst

val uabl e PLA has surpl us annuitisation wit

approximately 01000 .l ess than the most val ua

One reasons is, ththe time preference for direct payment has little influence on the UE

FLA compared to annuitisation as in this case the variation of total benefits over time is

much lower At the same timahe table shows that the effect for different risk aversion is

more pronounced in case of unsmoothed surpluses. E.grdot gayment the difference

bet ween the UE FLA of a | ow and high risk in
contrast to u866 for unsmoothed surpluses. T
surpluses with smoothingfhe outlined ranking hold#or different risk aversion and

subjective discount factars

Independently of the surplus payout methods and stratdgies,our analysisfollows

logically, that for any analysed annuitant type, a much higher FLA is needed to maintain
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the same utility scompared to the initially guaranteed part of PLA, independently of the

surplus participation methods and strategies.

5.3.1 n s ur ewidEsondvic Balance Sheet Angkis

5.3.1. Participating Life Annuity

The different participating modesmarkably influencéhei nsur er 6 sToatain f unds.
the amount of own fundsye have to set up the economic balance slégire5 shows

the basis for drawing up the economic balance sheet;atantely theexpected, projected

annual cash flowsinder Q starting with the itesnfrom the initial local GAAP balance

sheet. The yedny-year development during more than fifty years is shown for the
guaranteed part of the annuity payments to the whelgedcohort, as well as cash flows

stemming from surpluses. We differentiatedmstn two surplus participation methods and

strategies (annuitisation of the surpluses smoothed/unsmoadatined; paymenbof the

surpluses smoothed/unsmoothed). The expected cash flows for the best estimate of the
guaranteed benefits are smoothly decrepsif r om bei ng a | i onsd shar
the time of contract signing to almost negligible after forty years because the cohort has

only a few survivors.
Figure 5 here

The development of surplus cash flows exhibits pairwise similar developriiéei® is
one distinctive pattern for annuitisation of surplusbsthsmoothed and unsmoothed, and
another pattern fodirect paymeni also both smoothed and unsmoothed. We suggest,
therefore, that surplus payment metfiahat is annuitisation atired payment plays a
more crucial role than choice of surplus distribution strategiesmoothing or no
smoothing. The differences between smoothing andsnuoothing are bigger for direct

payment than for surplus annuitisation.

Surplus annuitisation caslows start at considerably lower levels thandoect payment

of surpluses and exhibit a lower annual volatility especially in the first twenty benefit
payment years because the surpluses are annuitised using the same prudent pricing
conditions as at edract signing. Smoothing results in slightly lower cash flows for the

first twenty annuitisation years, and slightly higher cash flows thereafter. This is due to the
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use of surpluses for building the buffer account UCPPR in the first years, whereas
afterwards negative capital market or mortality effects can be compensaté@dtdorfirst

fifteen annuitisation years, a slight increase in cash flows can be observed. This increase
is induced by asset returns, is more pronouncedifect paymenand is comranted in

more details there. After peaking twenty five years after the benefit that period, the gradual
decrease starts due to shrinkage of the insured cohort and asset depletion for financing

benefit payments. At t he edavaelofzefo. cohort 6s | i f

Both smoothed and neemoothed cash flows falirect paymenare considerably higher

during the first two benefit payment decades than for surplus annuitisation because yearly
generated (and committedin case of smoothing) surpluses gqur&d out in a single
payment. These high total benefits cause a more intense asset sales for purposes of
financing the benefit payments if asset returns are not sufficient. At advanced age of the

insured cohort this leads to less assets in comparisbe sutplus annuitisation.

After the first twenty years thdirect paymensurplus cash flows begin to rapidly decline

and reach the zero level approximately ten years earlier than the surplus annuitisation cash

flows, thus illustrating the positive role sfirplus annuitisation in securing higher level of

income in advanced ages. For surplus annuitisation, the majority of cash flows consists of
surpluses, cumulated since the contract signing, whildifect paymentthe guaranteed

benefits constitute thieulk of the liabilities. Lower level of benefits payments at the first

years of contractédés I|ifetime can be financed

much asset sales.

After 10 benefit payment years, for both smoothed and unsmoothed suriflasesrease

in cash flows can be observed. For unsmoothed benefits it is more pronounced but more
shortlived than for smoothed benefits, which start the increase later at slightly lower level,
but last for a couple of years longer. The reason lies ipdhéolio-regrouping after first

ten years, where all bonds initially bought for the insured cohort are maturthg. event
thatnewly bought bonds have to be sold agaimediately for benefit payment purposes,
thesellingreturn is zero. Theade of the new bonds one year later results in asset returns
and thus higher surpluses due to different book and market prices, especidilgdor
paymentwithout smoothing. Similar tendency in attenuated form can be seen every ten

years later. The effect isore and more watered, however, by the fact that our portfolio
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has more mixed maturities, because in the course of years, bonds are sold and new bought

for the purpose of financing benefit payments.

The yeatby-year representation in figure helps to explim results for the adjoining
comprehensive analysis, which | ooks at today

flows and its relation to companyb6s assets a

We measure the present value ofhebegimpgany os | i
of an annuity contract) as a percentage of i
of the best estimates of the annually payable guaranteed beme®ts () and surpluses

the future discretionary benefits (FDB). To estimatt oday ds val ues, we di
annually expected payment obligations as they are exemplified in figudevn funds

(OF) are calculated as the difference between the assets and total best estimate liabilities.

For our calculations, we assume the gnéged interest rate of 2.25% and the interest rate

level based on historic date before 2009.

Our resultsor PLA and FLAare shown irfigure 6 (Panel Afor PLA and Panel Bor
FLA)

Figure 6here

For the description of this figure, we use direct paynentof surpluses without smoothing
as a benchmark because it is the most straigidfol product with no additional

guarantees inokfm of annuitised surpluses gmoothing obligations.

From todayods vi e wshaowvninthe figutrpaneld potumnh areskits

in less own funds than any other surplus participation method. The own funds lie in the
range of 5% of total assets for direct payment without smoothing and 11% for annuitisation

with smoothing. Surplus smoothing positively influencessiur er 6 s own f unds
surplus payment methods as it aims to keep benefit payments constant. To achieve this,

especially in the first benefit payment years a capital buffer is built from surpluses.

When comparing the smoothed annuitisation of sugslugth smoothed direct payment,

we see that annuitisation results in more own funds diraet paymentFor comparing

the annuitisation with direct payment for unsmoothed benefits, this also holds true. The
reason is, that for direct payment, duringfilet two benefit payment decades, the benefits

are much higher, which has a direct positive effect on the present value of benefit payments
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and thus causes a smaller present value of own funds as a percentage of the market value
of assets. As own fundseacalculated as the difference between assets and liabilities, the

described differences in own funds can be explained by differences in liabilities.

Todayds vOaOQoiuies odbadathte 70% of the assets and i
across al/l analysed constellations as we don
the insured cohort and actuarial assumptions. Its relative value in caseshaootiing

of surpluses is slightly higher than for smoothing as the item UCPPR is missing in the

i nsurer 6s t he bal-smoathing: Shiseshorttensithe bataace sheebahd n o n

increases the relative importance of unchangé( |

TheFDBss how todayds value of surpluses and | i e
direct payment without smoothing and 18% for annuitisation with smoothing. Unsmoothed

FDBs for both annuitisation and direct distribution of surpluses are slightly higher than
smoothed for the same reason as own funds: The surplus cash flows for the insured cohort

are higher during the first two benefit payment decades as surpluses especially in the first

years are not used to build a buffer account, but paid out directlyeMglustrates ths

on yearby-year development.

5.3.2. Fixed Life Annuity

FLA is an alternative to PLA for securing retirement income. For this reason, we
investigate the balance sheet influence of a UE FLA as compared toABEAMIng an
insurance company i only fixed life annuitiesye conduct the same analysisrafigure

6 Panel Aand look at expectelibbilities for the whole cohort lifetime in relation to the
assets at the time of annuity contract is signing.

We retain our four cases: surplus anrgation smoothed/unsmoothed, direct surplus
distribution smoothed/unsmoothelach surplus participation method and participation
strategy resudtin a different utility eqivalentFLA (seetable4). First, we conduct the
analysis of balance sheet impaat fioe outlined list of utility equivalent FLAs and then

compare the redis to the corresponding PLAs.

For our analysis we consider the utility equivalent FLAs of a normal individual with
medium risk aversion, i.e.u6, 359/ 06, 471 farmuitied P ané wi t h

smoot hed/ unsmoothed surpluses, and 07,222/ a4
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surpluses with smoothing/without unsmoothing. Our previously analysed PLA offers the
same utility with an originally guaranteedamoahét 5, 392 and on the top o

guaranteed surplus participation in four settings.

Naturally, the main difference tanel Ais that the represented liabilities containFAiaB,
because there is no profit participation. The liabilities solelgisbiof thed ‘OO0 . It can

be easily seen, that the share of own funds for FLA equivalent to annuitisation is twice
higher than the share for FLA equivalent to direct payment. For FLAs equivalent to
unsmoothed surplus payment the share of owddisslightly lower than for the smoothed
counterpart. Both observations can be explained by the amount of UE FLA: in case of
annuitisation UE FLAs are lower than in case of direct payment, and for both annuitisation
and direct payment, the smoothed pagm&E FLAs are lower than unsmoothed
paymentsThus, while for the annuitant high surpluses in the end of the lifetime (in case
of annuitisation) are less valuable than in the beginning (in case of direct payment), which
can be seen by the UE FLA, for timsurance company it is valid the other way around.

The first observation when comparing the balance sheet composition of UE Fltheand
corresponding PLA is the increased shaf@® OO0 for all UE FLAs. This is due to a
clearly higher level of garanteed benefits for UE FLAS, which are paid out constantly
from the contract signing for the remaining lifetime of the cohort. The sharédod for

FLA is fifteen to twenty five percentage points higher than for corresponding IPl&.
compre the BEL, that is in case of the PLA thé©O 0 plus FDB, we observe an amount
of about 9893% of the assets for PLA, whereas for FLA the BEL amount to about 80%
90% of the balance sheet, which is lower than for Pli#e relative big differencef 10%

for annuitisatiorshows the diverting meaning of the distribution of surpluses for annuitant
and insurerHigh surpluses in the end of lifetime are taken more into account in terms of
company measuneent (6 ‘O0 plus FDB for PLA) than accading to the UE FLA
reflectedin the BEL THUS the BEL-differences between PLA and FLfor direct

payment are smaller, as there is no extreme difference of total benefit payments over time.

The own funds for UE FLA are on average seven percentage pajhtsr hhan for the
corresponding PLA and the difference lies between three percentage points for
unsmoothed direct paymeand twelve percentage points for unsmoothed annuitisation.
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5.3.3. Development of the Economic Balance Sheet Items over time

As a next stepwe carry forward the economic balance sheet items for the liabilities, shown

in figure 6, Panel A for the time of policyissuanget i | t he end of the <coh
Figure 7 here

Figure 7 shows the development of absolute values of the respectimemic balance
sheet items. Additionally, we will comment on the development of the items relative to the

market value of assets without using an extra figure.

Starting with the last illustratio® O0 posi ti on decreases graduall
lifetime as people in the cohort a dyinghe yeatby-year development shows that
annuitisation of surpluses results in highe© 0 as direct surplus distributiofhis is

due tothe fact that surplus annuitisation adds over years additional guarantees on top of
the original guarantees given at contract signinghe first two decades, we can observe
slightly higher6 ‘O 0 for unsmoothed surpluses for the respeqbianicipation methods

The reasons fohts and the following facts can roughly be anticipated from figure 5. For
the relative values, we can observe thaD 0 for direct payment smoothed is smaller

than unsmoothed, which is again smaller tharuaisation smoothed and smaller than
unsmoothediue to the different amounts of total benefits followed by the necessity to sell
assets in order to finance obligations. Overall, also the relative values decrease as the
liability portfolio declines fasterhian the asset portfolio because benefit payments are

partly, as far as possible, financed from financial returns without the need of selling.

FDBs shows similar pattesas6d ‘O 0 , also here, the annuitisation of surpluses results in
slightly higherdiscounteatash flows thadirect paymenafter the firsinnuitisation years.

Thus there is a reversal from the highest FDBs for direct payment in the first years to
amuitisation. In the beginninghe unsmoothegarticipation methodshow highelFDBs

than the smoothed ones, which changes after about 5 years where the role of the buffer
account comes into effect. Smoothed and unsmoddheditisation grows over direct
payment over time, because the level of benefit payments in the first decades in case of
annuitisation is lower. That means fewer assets has to be sold to pay for benefit payments
which in turn induces higher potential of investment returns and thus hsghglus

payments. In relative terms the order of surplus participation methods and strategies
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develops the other way around after 20 yeags annuitisation smoothed is smallean
unsmoothed, which is smaller than direct payment smoothed, which omeasnsmaller
than direct payment unsmoothédgyain, this is due to asset selling over time awarding the
highest surplus payments the greatest relative role.

The developmendf own fundsis of coursedriven by thed O 0 andFDB development
resulting in annverted ushape: Thewn fundspeak afer 1315 years and thesecrease.
Annuitisation of surpluses resultshigher own fundshan direct payment, the difference
being espeaally pronounced after 26ornract yearsDirect paymenbf surpluses results in

a OF discountedcash flows peak five years earlier as for swspannuitisation. The
decrease is more quick and pronound®dring the first 5 years the positive effect of
smoothing can be observed whatfterwards is superimposed thye amount of remaining
assets in the portfolio resulting in the highest own funds for smoothed and unsmoothed
annuitistion. For the relative values the highest own funds in the beginning can also be
seen with smoothing endjrup after about 30 years with the highest own funds for direct
payment, unsmoothed and smoothed almost equal. This is mainly due to the low

6 O0 because of lovannuitiation guarantee

5.4.Ruin probability

In the preceding analysis, we observédttthe choice of annuity type (fixed vs.
participating) and, for participating annuity, the choice of participation methods and
strategies, considerably influences the economic balance sheet of the annuity provider, the
amount of own funds and as a reshk ruinprobabilities of an insurance company. For
that reason, we explicitlanalyse the ruin probabilities as a figure of interest for both
annuitant and annuitant providéWe define ruin as an event, when the liabilities of an
insurance company arégher than assets, leaving the company with negative own funds,
or when there are no assets left. To calculate ruin probabilities, we relate the number of
events witithe maximum number of negative own funds aadssets to the total number

of realisationpaths with surviving cohort members in the analysed period. We consider
both total ruin probabilities embracing the whole lifetime of the cohort, as well as annual

ruin probabilitiesfor the respective point of time basedroarketconsistentvaluation

Table 5here
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First, we look at the total PLA ruin probabilities for the whole lifetime of the cohort. The
ruin probabilities do not exceed 1% for the entire surveyed time span of over more than 50
years. For surplus annuitisation the ruin probabilityighér for smoothed benefits. The
opposite is true for the direct payment of surpluses: here, the surplus smoothing results in
lower ruin probabilities. Direct payment without smoothing has the highest ruin
probabilities of all constellations, annuitisatisithout smoothing the lowest. We can

explain these numbers by looking at the ruin probabilities at specific points in time.

For the yeaby-year ruin probabilities, we see that there are no cases of ruin for the first
twenty five benefit payment year$he ruin for direct payment starts earlier than for
annuitisation (in year 30). Annuitisation delivers about a third of the ruin probabilities of
direct payment in the year 35 due to high total benefit cash flothe ineginning and the
necessity to sell assets in order to finance the insurance obligations. Up to year 40 the
development of the ruin numbers is mainly driven by negative own funds and afterwards
by the lack of assets. In the year 45, the rise of th@#rmad annuitisation case has begun

and already records the highest ruin probability followed by direct payment unsmoothed,
smoothed and annuitisation unsmoothed. Year 50 is characterised by the great difference
of annuitisation smoothed reaching a ruin mbability of 3.58%- and the other
participation modes of about 2%. The reason for this is, that despite the highest absolute
amount of own funds, in case of annuitised smoothed surpluses the highest benefit
payments are produced in the last years tiegulfrom annuitisation combead with
smoothing of surpluses. Even in case of bad capital and mortality market developments a
savedup buffer account causes regular increases of the guaranteed annuities which have
to be payed out. This growth explains thghst total ruin probability for annuitisation
smoothed. Here again, although at a low level, the danger of high guarantees becomes
obvious. In contrast, at the first glance the lowest ruin probability for unsmoothed
annuitisation seems surprising. But artisation yields relative low benefit payments in

the first years, thus few assets have to be sold to finance the benefit payments, in
combination with unsmoothed surpluses, which means surpluses have only to be payed out

if they arise.

For FLA (or moreaccurate UE FLA), the numbers we observe, heavily depend on the
absolute amount of benefit as shown by the ruin probabilities. The FLA ruin probabilities
differ considerably from the PLA ruin probabilities. It is noteworthy that the total ruin

probabilitiesare zero for annuitisation equivalents, but about 2% and 4% for smoothed and
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unsmoothed direct payment equivalents, respectively. The increased ruin probabilities in

case of direct payment equivalents stem from the fact, thatiuiititral substitutiorof

PLA with direct payment of surpluses (smoothed and unsmoothed) results in FLAs with
considerably higher guaranteed payments, than the substitution of PLA with surplus
annuitisation. These differences amofunt wup t
a PLA o (seetable43 9 2

The yeatby-year analysis shows that in case of direct payment the ruin probabilities
become positive earlier than for PLA and rise more quickly to higher levels. For example,
in year 35 they are 4.10% and 9.24% for ethed and noismoothed direct payment UE
FLA, and under one percent for PLA. For the year 50, the UE FLA ruin probabilities are
9.68% and 17.30%, while for PLA with smoothed and -somwothed direct surplus
payment the ruin probabilities are about 2%. Itnsteworthy, however, that ruin
probability of UE FLA for surplus annuitisation is zero for the whole lifetime of insured
cohort due to the low unchangeable guarantee level, while for the PLA the ruin
probabilities become positive after year 35. Considaiable 4, we recognise that the ruin
probability for a utility equivalent FLA is also greatly depending on the type of annuitant.

6. Conclusion

Traditionalparticipating life annuitiegPLA) with yearto-year guarantees achallenged
due to new marketonsstent valuation frameworks such as Solvendyeldause otheir
complex surplus participation mechanisam&l possibility of inherited guarantemeated
by surplusesThe requirement to represent a masg@tsistent value for liabilities results
in the ned to projectsurplus cash flows accurately according to the respeptivduct
design In this paperwe considetwo methods of profit participatiohannuitisationand
direct payment and for eactof themtwo surplus payment strategiesvith and withou

smoothing.

Methodically, we develop a fufledged, stochastic, ye#ny-year company model within

the framework of an economic balance sheet. For the purpose of surplus determination, we

also enable the valuation of assets and liabilities accordingced GAAP within this

model. In contrast to previous research, we are able to explicitly modebygaar

devel opment of companydés cash flows dependin
mar ket and cohorto6és mor t abuartifythe inmportascead | | ows L
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different surplus appropriation systeffios both the beneficiary and the annuity provider
in a detailed, consistent waggainst the background of the guarantessd surpluses
crucial rolein risk-based solvency frameworksve examine the schemes frotwo

different perspectives

From t he pol i weydantlfyduglity @iferences efondifferent kinds of
beneficiariesand PLAs with different profit participabn methods and strategied/e

compare utilitieausing an innoative techniquef calculating theutility equivalent fixed

life annuity(UE FLA) deliveringthe same utility as the respectiReA. The results show

t hat , considering annuitantsd whol eofl i feti me
surpluseseadsto a higher utility equivalernthansurplusannuitisation, and nesmoothing

to a higher utility equivalent than smoothing.

From the insurero6s view we | ook at ®©rhe econo
own fundsas a residual ternwe find hat at time of issuance of the contract the favored

surplus participation mode is just the opposite of the annuitant, i.e. annuitisation and
smoothing delivers the highest own funds, direct payment with unsmoothed surpluses the

lowest. The orderof preferecesfor unsmoothed annuitisation and smoothed direct

payment changes during the lifetime of the cohort.

As a third aspectwe analyse a figure thatlinkennui t ant 6 s p@antsofbenefi ci
view: the ruin probabilitymeasured by negative own funds d&ack of assetsWVe give a

detailedview on both the aggregate numbers and the annual ruin probabilities during the

lifetime of the cohortOn a very low ruin probability level ainder one percentye

document for thé LA with unsmoothedurplusannuitisgion thelowest ruin probability,

whereas smoothezlrplusannuitisation seems to challenge the inswién a higher ruin

probability resulting froma steady rise of guaranteed benedibsnbined with a buffer

account for bad capital market or mortalitypexiencesOur different standpoint approach

helps to clarifypossible reas@for discrepancy between supply and demand for different

participation schemes.

In addition, weset up a comparison between the PLA and FLA a&apopular old age
provision product. We calculate the FLA annuity amoumd be the UE FLA to the
respective PLAand participation scheme. Setting up the economic balance sheet

comparisons for both product categoniesultsin clearly higher own funds fasurplus
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annuitisation and alnsb the same level for direct paymentsurplusesThisagainshows
the dfferentmeaning osurplusdistributionfor annuitant and insurgQuantifying theruin
probabilitiesfor UE FLA shows, naturally, a high dependence of ruin probabilitrethe
amount oftheguaranteed payout. Th#E FLA for annuitisatiorprovideruin probabilities
of zero, whileUE FLA for direct surpluspaymentleads up tohe overall much higher

overallruin probability of 4% andhe devastating ruin probability &7% after 50 yars.

Advantages opaying out aUE FLA instead of éPLA heavily dependent on thgpe of
annuitant. Annuitanto6s T thoudh diiculeto measoreinand t i n
practicei is essentialas it determines the UE FLA amount. As a resultrehs anarrow

ridge for the UE FLA being a strong option or rdiamm the standpoint of aimsurance

company.

Our findings are importanhot only for policymakers, aiming to create an adequate
regulatory environment for funded old age provisions, bs &r annuity providers,
struggling with traditional product designs in the current capital market environment, as
well asfor potential annuity purchaseisoking for the most suitable protection against

old age poverty.
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Fig. 1. Development of Mortality Return, Net Investment Return and Surplus of German Life Insurers.
Notes Average data over all German life insurers. Source: BaFin (2016).
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Fig. 3. lllustration of the projection of best estimate cash flows. N&est estimate cash flows rétang

from guaranteed and surplus benefits to policyholders for a life insurance company offering PLA. BEL
(best estimate liabilities) denotes the present value of projected future cash flows. Grey and red lines
display projections under the risk neutratasure and black lines under the real world measure. Source:

Aut horso6 calcul ati on

Fig. 4. Total benefit payments over lifetime. Notes: Simulated distribution of total benefit payments per

contract (5%95% quantiles) with initial guaranteed PLA benefita 0, 000, guar anteed i
2.25%, mortality table ADAV 2004 RO, asset alloc
A (D) refers to PLA with annuitisation (direct payment) of surpluses, smoothed (unsmoothed) refers to
surplus distribtion (not) using an actuarial smoothing account. Darker areas represent higher probability
density. Source: Authorsoé calculation
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