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ABSTRACT

This paper examines the impact of three surplusogpation schemes often in-
herent in participating life insurance contractglominsurer’s shortfall risk and the
net present value from an insured’s viewpoint.nl¥ase of thdonus systepsur-
plus is used to increase the guaranteed deathuavided benefit, leading to higher
reserves; 2) thinterest-bearing accumulatioimcreases only the survival benefit
by accumulating the surplus on a separate accaundt3) surplus can also be used
to shorten the contract ternwhich results in an earlier payment of the sualiv
benefit and a reduced sum of premium payments.pbbéof participating life in-
surance contracts with death and survival berefitddeled actuarially with annu-
al premium payments; mortality rates are generbtesgd on an extension of the
Lee-Carter (1992) model, and the asset processiafela geometric Brownian mo-
tion. In a simulation analysis, we then comparefleence of different asset port-
folios and shocks to mortality on the insurer'« ituation and the policyholder’'s
net present value for the three surplus schemes.fifdings demonstrate that,
even though the surplus distribution and thus tieumt of surplus is calculated
the same way, the type of surplus appropriatioesehhas a substantial impact on
the insurer’s risk exposure and the policyholdagspresent value.

1.INTRODUCTION

Participating life insurance contracts are an irtgarproduct design in the German insurance
market and comprise various mechanisms of how gsinigl distributed to the policyholders.
Previous work has shown that different surplusrithstion schemes can significantly impact

9 Alexander Bohnert and Nadine Gatzert are at thedFich-Alexander-University of Erlangen-
Nurnberg, Chair for Insurance Economics, Lange &&&3, 90403 Nirnberg, Germany, na-
dine.gatzert@wiso.uni-erlangen.de, alexander.bo@hwiso.uni-erlangen.de. The authors would
like to thank an anonymous referee for valuableroents and suggestions on an earlier version of
this paper.



the insurer’s risk exposure. In this context, apantant issue has not been comprehensively
analyzed to date, which is the concrete appropnatif distributed surplus. In particular, in
Germany, policies may feature different appropoiatschemes$.Surplus appropriation refers
to the way earned surplus, determined via a giveplss distribution mechanism, is actually
credited to the individual policyholder. In the eas the bonus system, surplus is used to in-
crease the guaranteed death and survival bemefibritrast to this, the interest-bearing accu-
mulation emphasizes the survival benefit, whicin@eased by the surplus, while the death
benefit is kept constant. The third alternativesuttee surplus to shorten the contract term,
which results in an earlier payment of the survivahefit and a reduced sum of premium
payments. These three schemes have not been caivglgraxamined, even though their
impact on the insurer’s risk situation and the @diblders’ expected payoff can differ con-
siderably. The aim of this paper is to fill thigogand to analyze this issue in depth.

In the literature, participating life insuranceormd with its surplus distribution mechanisms
and interest rate guarantees, have attracted wekb@ttention. Research on the risk-neutral
valuation of participating life insurance contraicisludes, for example, Briys and de Varenne
(1997), who study the fair value of a point-to-gajnarantee, where the company guarantees
only a maturity payment and an optional participatin the terminal surplus at maturity, and
determine a closed-form solution based on contingkims theory. Grosen and Jgrgensen
(2002) extend this framework by including a regogtintervention rule, which reduces the
insolvency probability and can be priced similab#orier options. In Grosen and Jgrgensen
(2000), a cliquet-style interest rate guaranteaasleled, where surplus is annually credited to
the policy reserves based on a reserve-dependgitsuistribution mechanism to smooth
market returns. Once the surplus is credited tadéBerves, it becomes part of the guarantee
and is then annually at least compounded with tleranteed interest rate, thus implying cli-
guet-style effects. Besides the bonus option aadrimimum interest rate guarantee, the au-
thors also include and evaluate a surrender ogiiomeans of American-style derivatives
pricing. Based on the model by Grosen and Jgrge2880), Jensen, Jgrgensen, and Grosen
(2001) develop and apply a finite difference altioni in order to numerically evaluate the
contracts and further integrate mortality risk.fBi€nt annual surplus smoothing schemes are
also examined in Hansen and Miltersen (2002) ferRhAnish case and in Ballotta, Haberman,
and Wang (2006), where specific focus is laid aomparison and tradeoff of fair contract
parameters. A comparison of different surplus thatron models of participating life insur-
ance with respect to model risk can also be foungemp (2011).

1 See, e.g., Schradin, Pohl, and Koch (2006, p. 17).



Other work that focuses on the surrender optionesldéd in participating life insurance con-
tracts includes Albizzati and Geman (1994), who @scount for stochastic interest rates, as
well as Bacinello (2003) for an Italian-style cadt. Siu (2005) treats the surrender option by
means of a regime-switching model for economicestaincluding interest rates, expected
growth rates and volatility of risky assets, arsbgbresents approximation methods for partic-
ipating American-style contracts. Schmeiser and Méag2010) compute fair values of op-
tions to early exercise, including the paid-up optithe resumption option, and the classical
surrender option.

Furthermore, several papers have focused on congpbmsk pricing and risk measurement.
Barbarin and Devolder (2005) propose a model t&t faissess the risk of a point-to-point
guarantee and, second, calibrate the terminal bpadipation parameter to obtain fair con-
tracts. Graf, Kling, and Russ (2011) extend ther@ggh used by Barbarin and Devolder
(2005) and generalize previous results by proviteg the combination of actuarial and finan-
cial approaches can always be conducted as lotigeasisurance contracts do no introduce
arbitrage opportunities. Gatzert and Kling (200&jedmine the real-world risk implied by fair
contracts with the same market value, and Gat28®8g) further integrates different asset
management and surplus distribution strategietenanalysis of participating life insurance
contracts with the aim to assess their impact enctintracts’ fair value, while keeping the
default put option value constant. Kleinow and Al (2007) study hedging strategies and
calculate fair values for maturity guarantees, white surplus participation depends on the
insurer's management decisions regarding the imesst portfolio.

With respect to surplus distribution schemes asl measurement, Gerstner et al. (2008)
provide a general asset-liability management fraarkwor life insurance, which incorpo-
rates,inter alia, a reserve-dependent bonus distribution mechambiased on Grosen and
Jargensen (2000). As an application of their matiely study the impact of different parame-
ter settings and exemplary products on the inssisdrortfall risk. Based on a single premium
term-fix insurance and thus focusing purely on fiicial risks, Kling, Richter, and Russ
(2007a) analyze the risk exposure of an insuresrioif cliquet-style interest rate guarantees
for different contract characteristics, includirfgetinitial reserve situation, asset allocation,
and the actual surplus distribution. Kling, Richtand Russ (2007b) extend this framework
and consider the financial risk inherent in thregpkis distribution systems, including surplus
appropriation. The first system incorporates audiestyle interest rate guarantee, where the
guaranteed rate also has to be paid on surplusettend mechanism represents an interest-



bearing accumulation, where surplus cannot be extloace it has been credited to the poli-
cyholder’s account (but without cliquet-effects)dahird, a surplus model, where the insurer
can reduce surplus to keep the insurance compdnysiness and to avoid insolvencies. As in
Kling, Richter, and Russ (2007a), mortality effeate not included.

Hence, what remains open is a holistic analysitheffinancial and mortality risk of surplus
appropriation schemes on the basis of a typicalitifurance product, which is modeled actu-
arially by considering death and survival beneflige explicit combination of actuarial pric-
ing and reserving, as well as financial approachs, respect to shortfall risk and valuation
in the analysis of surplus appropriation schemesnwa been done to date and is intended to
offer insight into the impact of the type and cludeastics of surplus schemes on an insurance
company’s risk exposure and the policyholder’'spresent value. Furthermore, the system of
shortening the contract term has not yet been exani

The aim of this paper thus is to fill this gap malyzing the impact of surplus appropriation
schemes on a life insurer’s risk exposure. In adidnd apart from this perspective on risk,
we further study the policyholders’ net presenteal.e., the difference between the expected
discounted death or survival benefit and the supremium payments. The model of the life
insurance company is based on a participatingrigarance contra€with annual premiums,
where mortality rates are modeled using an extensfathe Lee-Carter (1992) model pro-
posed by Brouhns, Denuit, and Vermunt (2002), drel dsset base follows a geometric
Brownian motion. In contrast to previous literaturesurance liabilities for a pool of policies
with death and survival benefits are calculateshgisictuarial reserving rules, which depend
on the surplus mechanism. In particular, basechersinoothing surplus distribution scheme
of Grosen and Jgrgensen (2000), we analyze andarentiree companies with different ap-
propriation schemes, including the bonus systehe interest-bearing accumulatiband
shortening the contract term. In a numerical sithtaanalysis, we study the influence of
different asset portfolios and shocks to mortaditythe insurer’s risk situation and the policy-
holder’s net present value. Our findings demonstiiaat, even though the surplus distribution
and thus the amount of surplus is calculated theesaay, the type of surplus appropriation

2 In this paper, we use the expression “particigatife insurance” analogously to an endowment
contract.

3 The bonus system accounts for cliquet-style effeand, by including mortality, surplus leads to
higher payments to the policyholders during thetram term due to the increased death benefits.

4 The interest-bearing accumulation has been studiedsimilar form in Kling, Richter, and Russ
(2007b) but without death benefits or explicit actal reserving rules.



scheme substantially impacts the insurer’s riskosype and the policyholder's net present
value. In addition, the effect of the choice of #sset portfolio as well as shocks to mortality
differ considerably with respect to the insurerskievel depending on the respective surplus
appropriation scheme, which should be taken intmaat in the context of underwriting ac-
tivities and in asset management.

The paper is structured as follows. Section 2 thioes the model framework of the insurance
company and the three surplus appropriation scheimésr consideration as well as the asset
and mortality model. Numerical results are presgmeSection 3, and Section 4 concludes.

2.MODEL FRAMEWORK

2.1 Overview of the insurance companies

We consider three life insurance companies thderdinly in their surplus appropriation
scheme, i.e., the way the surplus distributed epblicyholders is actually appropriated to
their accounts. The schemes are present in the &eimsurance market, but may as well be
extended to similar schemes in other countriegshéncase of the bonus system, surplus is
used to increase the guaranteed death benefitlhasstbe survival benefit and thus increases
the policy reserves. In contrast to this, the ggebearing accumulation emphasizes the sur-
vival benefit, which is increased by the surplusd(auaranteed until maturity), while the
death benefit is kept constant. The third alteugatises the surplus to shorten the contract
term, which results in an earlier payment of thevisal benefit and a reduced sum of premi-
um payments. The corresponding balance sheetlftiirak types of companies is exhibited
in Table 1.

Table 1 Balance sheet of a life insurance company at time

Assets| Liabilities
A E

PR

1A

RD

B

A A




The model is constructed in discrete time, wharetzero indicates the inception of the con-
tract, andt = T (in years) maturity. We further assume that thikcpgeriod coincides with
the accounting year. Herd; represents the market value of assets,Ergdthe book value of
equity, which, similar to the model in Kling, Riet and Russ (2007a, 2007b), is assumed to
be constant over time. FurthermoRR: denotes the book value of the policy reserisis

the book value of the interest-bearing accumulasiocountRD: is the book value of the sur-
plus account for the reduction of contract duragteomdB; denotes the buffer account, which is
determined residually by subtractifg PR, 1A;, RD;, and dividends paid to equityholders
from the market value of the asset ba&e,To gain insight into general effects of different
surplus distribution schemes, we assume a runeefiario without new business.

2.2 Modeling the liability side
The participating life insurance contracts

In the following analysis, we consider a pool @ ditional participating life insurance con-
tracts with a contract term ofyears, which are actuarially priced based on aattyrtable.
Hence, the constant annual (net) premium fox-gaar old policyholder (for all three surplus
schemes) is given by

D
P: S X:n ,

A

whereS denotes the initial guaranteed sum insured in chdeath or survival, paid in arrear,
and A 5 and a - represent present values of an endowment insufanceyears and a tem-
porary annuity fon years on the life of, respectively, given by

As =V IR, + VI pandd; =3 vV O, @

t=0

wherev = (1+ rG)_l, andr® is the one-year calculatory actuarial interest.rihe probability
of anx-year old insured to surviveyears is denoted byp, , whereasq,,, is the probability
of an x+t-year old insured to die within the subsequent.year

Figure 1 illustrates the development of cash fleasulting from the insurance product over
time, thereby distinguishing between Decembet Sflyeart-1 and JanuarySiof yeart,
denoted by ‘—" and ‘+’, respectively.



Figure 1. Development of cash flows from the insurance pobaver time (‘— denotes De-
cember 3%, and ‘+’ denotes January'for each year)

-0+ -1+ -t+ -n1+ -n+ time
| | | | | [
X Xx+1 X+t Xx+n-1 x+n age
0|0 S |0 S|O0 S110 S| 0 sum insured
O| Po=P 0| P.=P 0| Pt=P O Pni=P 0O premium
0O 0| Ds1 0 | D¢ O | Dn1 Dn dividend

As displayed in Figure 1, while the premium paymsrdonstant during the contract term, the
benefit payment varies depending on the surplusogpiation scheme of the respective com-
pany. The dividend payments are based upon thelapguent of assets and death benefits
and thus also change over time. In the following,oensider a cohort of policies with maturi-

tyn=T.

Modeling mortality probabilities

Regarding the mortality probabilities, we distingluitwo cases. For actuarial pricing, the
mortality table by the German Actuarial Associati®AV 2008 T”) is used. However,
when determining the actual number of deaths duhegcontract term (relevant for valuation
and shortfall risk as well as the determinatioractual policy reserves), we use a further de-
velopment of the Lee-Carter (1992) model, whichsists of a demographic part and a time
series part. The central death rate or force otalitr £/, (r) is modeled through

In [qu (T)] = ax + bx Ekr + EXT = ,UX (T) = ea.)(+b,<Dkr+£XJ

where a, and b, are time constant parameters indicating the gésbepe of mortality over
age and the sensitivity of the mortality rate a ago changes irk,, respectively, wheré,

is a time varying index that reflects the genemledopment of mortality over time, argj ,

is an error term with mean 0 and constant variaBceuhns, Denuit, and Vermunt (BDV)
(2002) propose a modification to the model by mimdethe realized number of deaths at age
xand timer, D, as

X,T !

D,, ~ Poissor{ E, [, (7)) with s (7) =e>™%



where E, , is the risk exposure at agand time7 . The advantages of the BDV (2002) mod-
el are that the restrictive assumption of homossted@rrors made in the Lee-Carter (1992)
model is given up and that the resulting Poissatridution is well suited for a counting vari-
able, such as the number of deaths. The model eaallbrated via the Maximum-Likelihood
approach using a uni-dimensional Newton methodreggsed by Goodman (1979).ee and
Carter (1992) propose to fit an appropriate ARIMAqess on the estimated time series of
k, , using Box-Jenkins time series analysis technigqodsrecastk, ,

kr :¢+al |:]kr—l-'-az[:kr—2+"'+a!p Ds—p +51@r—1+52[}r— 2+ +5q [}r—q +£r

wherep andq are chosen using Box-Jenkins time series analysis techniques iarttie drift
term. To model shocks to mortaliti, is multiplied by a factow. Values ofod less than one
result in mortality rates greater than estimated, and fgreater than one, mortality rates are
smaller than estimated.

Policy reserves

The actuarial reserve for the considered endowment insurance fet-gear old insured at
timet (and conditioned on the existence of the contract) is denotéd band its prospective
calculation is given by

t\/x = Sﬂ D'Ax‘ﬂ:ﬂ - Hj%rtm ! (2)

where S+1 is the current guaranteed sum insured in case of death or surayadl@ at the
end of yeart, andP denotes the constant level premium. As before, the present \akies
calculated actuarially as defined in Equation (1) based on the mot#dllgyand the calcula-
tory (guaranteed) interest rate. Hence, the total portfolio poli@rvesat the end of yeais
determined by

t

PRt_:(N— 3 q}w, 3)

5 Standard Maximum-Likelihood methods are not fdasi@tue to the presence of the bilinear term
buk.



whereN is the initial number of contracts sold athds the actual number of deaths that oc-
curred during year, determined based on the BDV (2002) model. Thus, to oldtaipdlicy
reserve in the portfolio, the number of policies still in force idtiplied by the actuarial re-
serve for one contract.

Buffer account

As described in Table 1, the buffer account at the end oft yeaall three companies, i.e. for
all three surplus appropriation schemes under consideration, isrgsidoally by

B.=A -PR-IA-RD- E (4)

where IA_ is set to zero in case of the bonus system and in the calserténing the contract
term. The accounRD_ is used only in the case of shortening the contract term and tteerefo
set to zero in the other two cases. Furthermore, equity capkaptsat a constant level as
assumed in Kling, Richter, and Russ (2007b),kEe= E_, .

At the end of the last year, i.e. T, the buffer account is paid out to the policyholders in the
sense of a terminal bonus after subtracting dividends. The terndnak {Br) cannot be-
come negative and is given by the residual of the remaining asskthe policyholder ac-
counts as well as dividends and equity capital, resulting in

T8 =max(B. - 0,4 = maf{A - PR - 14 - RD - E- D.J.

Since the buffer account has been filled by theesggremiums of the policyholders, this
procedure supports the comparability of the theamanies with the different surplus appro-
priation scheme$.

6 We do not consider effects resulting from reserwdsch are passed on to the next generation of
policyholders. Here, we refer to Dgskeland and Bbrd2008) and Faust, Schmeiser, and Zemp
(2011).
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2.3 Modeling the asset side
Development of the asset base

The total initial capitalAo consists of equity capital and the first premiuaympents, which
are invested in a portfolio consisting of stockd &onds that is assumed to follow a geomet-
ric Brownian motion

dA = DA [dt+ o DACAW

wherep is the drift of the assets,the asset volatility, an®® a standard Brownian motion
under the real-world measupeon the probability spac&, 7 ,P), where # is the filtration
generated by the Brownian motion. The solutionhef $tochastic differential equation is giv-
en by (see Bjork, 2009)

-g?[2+0
A - At_l) [é,u 2 '3) - '%_1) Dé,

with £ being a standard normally distributed random \weiandr: being the continuous one-
period return of the portfolio with expected retufr,) =m= 4-0.5&° and a standard de-
viation of g. Under the risk-neutral pricing meas@ethe drift of the process changes to the
risk-free raters. Different (u,0)-combinations representing different portfolio qusitions
are generated by assuming that

r=all +(1-a)E,,

whererg andrs stand for the continuous one-period returns ofdsamnd stocks, respectively,
which follow a normal distribution with expectediwas ofE(rg) = me andE(rs) = ms, stand-
ard deviations obs andas, and a coefficient of correlation pf

To account for decrements in the portfolio of pgiclders due to death, one needs to distin-
guish between the end and the beginning of a ya@arrespect to the evolution of the net as-
sets, i.e. assets invested in the capital marketisnpayments for deaths during yéarhe
term A_thus describes the value of assets at the endaof, yehich is given by

A=A, -S04 with A=0, A= BIN § (5)

t
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where § is the sum insured prevailing in ydafthat depends on the surplus schemes), and
d, is the number of deaths between tirieandt, N is the number of contracts sold, &
the constant premium for each individual contraenge for all surplus schemes).

Furthermore, equityholders receive annual divideagmentd: that depend on the develop-
ment of assets and death benefit payments:

> :’Bﬁmax(At‘ Ay ’0)’

wheref3 denotes the fraction of the increase in assetssipaid out as dividends.

The insurer is solvent if the buffer account plgsity capital is positiveB_+ E =0, imply-
ing that assets are sufficient to cover the litibgi i.e., A- =2 PR + IA + RD . In this case,
the insurer pays out dividen@s to the equityholders only iB_ = D,, leading to

B.=B -D, if B.2D.

The dividend payment is set to zero if the insiseolvent but does not have enough reserves
to pay the dividends. Hence, B +E =0, but B. <D,, thenD, =0 " At the beginning of
the subsequent year, premiums are due, which sasulin asset development (see also Equa-
tion (5)) given by

A+=At_—Q+PEEN—Zt:dJ: A, D&- S1¢ Dr Bé Ni a

If the insurer is insolvent, i.eB_+E <0 and thusA_ < PR + IA + RD , the equity capi-
tal is not sufficient to cover the losses, the campis closed down, and the remaining funds
'%—1)* & [Ql— c) are distributed to the remaining policyholdershe portfolio, reduced by
the costs of insolvenay. Note that death benefits are not fully paid duwt, the beneficiaries
receive a remaining fraction of the assets.

7 The insurer also remains solvent if the bufferoaot becomes negative, but equity capital is suffi-
cient to cover the losses in this period, i®.,<0,but B. + E> 0. In this case, equity capital is re-
duced by the amount of the loss aBtd =0. In the next period, we assume that the amourtef
uity capital is increased again to the original amdy using gains from the next period (see Equa-
tion (4)).
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2.4 Surplus appropriation schemes

After having defined the general development oétssand liabilities, we now further specify
and distinguish the three companies under congiderthat differ only in their surplus ap-
propriation scheme. Lef denote the calculatory and guaranteed interest aaidr,” be the
actual policy interest rate credited to the poliegerves for periottl tot, which is to be de-
termined at time-18 To smooth market returns and to obtain less Velathd more stable
returns, the surplus distribution approach is basedrosen and Jgrgensen (2000). Here, a
reserve-based system is used with

B .
rF =maxir€ a ) , (6)

=%
PRy * Yy * ROy

where yindicates a required proportion of the buffer astodivided by the policyholder’s
accounts, which constitute the guaranteed liagdftii.e. y represents the target buffer ratio.
The second adjusting parameter for distributinglsisr to the policyholders is the surplus
distribution ratioa. It controls the fraction of the excess amountha target buffer ratio,
which is actually credited to the policyholdé?s.

The policy reserves earn at least the guaranteaecest rata® and serve as the basis for de-
termining the surplus to be credited to the polalglers. The absolute amount of surplus gen-
erated in the-th year is thus given by the difference betweengtlicy interest rate and the
actuarial interest rate, multiplied by the poliegerve:

PR, {1 -r°). )

While the amount of surplus is calculated the sarag for all three companies (and, hence,
the surplus distribution approach is the same)apjopriation scheme and thus the way the
surplus is distributed to policyholders differs grldys an important role regarding the insur-

8 This is in line with the declaration in advanceg $chradin, Pohl, and Koch (2006, p. 14).

® Since the buffer account should provide a cuskioabsorb losses with respect to the guarantees
on the balance sheet's liabilities side, all thpeécyholder accounts have to be considered in the
denominator.

10 Usually, regulations, such as those in Germanggifpa maximum period of time for the surplus
to be kept in the buffer account and buffer, reipely, until it has to be credited to the insureds
(see, e.g., Schradin, Pohl, and Koch (2006, p. 14))
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ance payouts and thus also for the evolution ofatset base (see Figure 1). The different
schemes under consideration are presented in deth@ following subsections.

Company 1: Bonus system

In the case of the bonus system, the surplus id tssécrease the initially guaranteed sum
insuredS; (death and survival benefit) by calculating a nesurance with the same time to
maturity (and the same type) like the original nasice, using the surplus as a single premium
for the new contract. By using the actuarial eq@nee principle, the surplus per insured re-
sults in an additional sum insuré® of

AS = PRy ¢ - rG)/( N _2::10‘)

Ax+t:ﬂ

which leads to an increased sum insured of
S.=S+AE

In this setting, the surplus insurance also pgis in future surplus and thus involves cli-
guet-style interest rate effects. In particulag thcreased sum insured impacts the develop-
ment of the policy reserves (see Equations (2)(8hdas well as the amount of surplus that
can be distributed to the policyholders (see Equafr)), thus inducing cliquet-style effects.

Company 2: Interest-bearing accumulation

In the case of the interest-bearing accumulatio&,sum insured is kept constant, i.e., we set
S =S 0t=1..., T. Hence, surplus is not used to increase the ssored, but instead is
accumulated on a separate accdAntOnce funds are credited to this account, thegriggeto

the policyholders and cannot be withdrawn anym@haes implies an interest rate guarantee
of at least zero percent. The account is paid botaurity in case of survival. If the policy-
holder dies during the contract period, only thastant sum insured is paid out, and the re-
mainder is kept by the insurer and — in the fornthef (hon-guaranteed and used for smooth-
ing) buffer account — is later eventually paid tmthe remaining policyholders that are still
alive at maturity as an optional bonus. Hence, shiplus appropriation scheme emphasizes
the survival benefit as compared to death and gairbenefit in the case of the bonus system.
The recursive forward projection of the interestulidg account is given by
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A =IA [Q1+r'A)[el—dt/(N -3 ))+ PR, {F-1). 1n=0.

At time t, the account value is calculated based on itsevi@uhe previous period and an in-
terest rate'® and is adjusted for deaths, i.e. funds that beldrg policyholders who died

within thet-th year are passed on to the collectivity of pdimders. Finally, new surplus is

added to the account.

Company 3: Shortening the contract term

In the third case, the surplus is used to decrethentemaining years to maturity, thus result-
ing in earlier benefit payments to the policyhokjevhereS is kept constant. Hence, the total
contract termn(t) is considered as a function of tija.e.n can be reduced from each peri-
od to the next, starting with(0) =T

Since the insurer operates in discrete time with ygar representing one period, the contract
term is not reduced until the total surplus eansesufficient to finance the gap between the
actuarial reserve fon(t—1) and the actuarial reserve for a reduced conteaint bf at least
one year. If the surplus is not sufficient to reelube contract term for one year or surplus
remains after reducing the contract term, the ramgisurplus amourRD: is transferred to
the next year. Analogously to the case of the @siebearing accumulation, the fraction of
deaths and an interest raf& is accounted for:

RD, = RD, . 1+ rRD)Eél— q/( N-3 q))+ PR, [ F- F), RR=0

Hence, we first determine the value of the actliagiserve for an unchanged contract period
at timet, i.e. for n(t-1), denoted byV, (n(t-1)) and determined analogously to Equation
(2), wheren must be replaced bg(t-1). Next, we add to this the surplé®D_ per policy-
holder, which results in

V™ (n(t-1)) = v (n(+-1)+ RR /[ N3 4).

Third, we calculate the actuarial reserves for @tramt period decremented hyears, where
h starts with zero and is incremented successiwetiié total remaining contract term at time
t,i.e.n(t-1)-t. This is given by
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e (1) = mav{ b 2™ (n( = 9) = V(= 9- > ¢

hOH(t)

where t\/X(n(t—l)— h) is determined based on Equation (2) by replacinvgth n(t-1)-h
and H (t):{O,...,n(t—])—t}. By h,.(t), we indicate the maximum number of years by
which the contract term can be reduced in yed@he new policy period, starting from ydar

Is given by

n(t) =n(t-1) - hu ().

The policy reserve (for one individual contrast)(n(t)) can then be calculated, and the sur-
plus account is defined by

RD, = (v(n( t-2)) = () N30, -

Finally, we can determine the actuarial reservetferpool of contracts, i.eRR_, analogous-
ly to Equation (3) by replacingy, with V, (n(t)) . At maturity, any remaining amouRDr is
paid out to the policyholders.

2.5 Evaluating the surplus appropriation schemes tym different perspectives

To assess the impact of the three surplus apptapriachemes from perspectives of the in-
surer and the policyholder, we calculate the comiisashortfall risk and the policyholder’s
net present value of the contract. Of course, tisefigures are certainly relevant to both
parties. For instance, the net present value floenpiolicyholder’s perspective can also be
interpreted as the counter value of the contra¢héoinsuret! Overall, however, both num-
bers will be relevant to the insurer and the pdiager and are laid out in what follows.

A shortfall of the company occurs if the value loé¢ assets,  falls below the value of liabili-
ties, A <PR + IA + RD (or, equivalently, ifB_+ E <0). Hence, the shortfall probability
is defined as

11 Furthermore, policyholders often evaluate theirtcts based on individual preferences instead of
assuming a risk-neutral valuation approach thatligitly assumes replicability of cash flows.
However, the fair value expressed by the net ptessduoe is still a relevant figure for policyhold-
ers.
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sp=H(T< 1)
where the time of default is defined Bs=inf{t: A <PR + 1A + RD}, &1..,T.

The net present valudlPV) of the contract is calculated as the expectedevahder the risk-
neutral probability measur® of the difference between the discounted contpayoff and
the discounted sum of premium payments taking actmunt the case of default. For an indi-
vidual policyholder, thé&NPVis thus given by

T-1

NPV = 2| 3 (, 404, 08,08 - 1 pet)nf B }ﬁ

=0

-

e Tp;fEsw( A+ RQ + Ta)a%}me“f A ¥
N_Zi=ldi
+EQ i(t p)'([q'ot“ [ém)[ql_ Qgﬁméffﬂﬂ)_t pD méfﬂJﬂ{ ST:t_l_]}]

where, p, andq,,, are the survival and death probabilities, respebtj derived through the
BDV (2002) model. Mortality and market risks arsw@sed to be independéitand the in-
surance company does not demand a risk premiumdatality risk3 In contrast to the actu-
arial pricing, which does not account for the suspdlistribution or default, the possibility of
default and the surplus distribution and appropmmats considered in the calculation of the
“fair” net present value. Thus, the annual prempagmentP is the same for all three surplus
schemes, but the amount of surplus differs. If hortfall occurs, i.e. ifT, > T, the policy-
holder receives a death benefit or a survival bemnetiich also includes the terminal bonus. If
default occurs during the contract term, the remagimassets are distributed among the poli-
cyholders still alive (and to the heirs of thoseovaied within the year of default).

3.NUMERICAL ANALYSIS

In this section, numerical results are presentegdan the model introduced in the previous
section with respect to the insurer’s risk exposue the policyholder’s net present value for

12 See, e.g., Carriere (1999, p. 340), Grundl, Rost,Schulze (2006), Hanewald (2011).
13 See, e.g., Bacinello (2003, p. 468), Grundl, Parsd, Schulze (2006).
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each of the three surplus appropriation schethéster presenting the input parameters, we
next study the extent to which differences in dladirtisk arise for the three surplus appropri-

ation schemes with regard to varying asset poo$odéind different shocks to mortality. Sec-

ond, we extend this viewpoint and study the effectghe net present value. Numerical re-

sults are derived using Monte Carlo simulation rodthbased on the same set of 500,000
asset paths.

Input parameter

The underlying policies are participating life in@nce contracts issued o= 35 year old
males with a contract term @f= 30 years. With an initial sum insured%f= 1, the actuarial
annual premium is given by = 0.0247. A total number dff = 100,000 contracts are sold.
Assumptions about the evolution of the assets asedon the historical performance (1988
until 2009) of two representative German total metindices. The estimation for the stocks,
which is based on monthly data for the German stoakket index DAX, results in an ex-
pected one-period retunms = 8.00% and a volatilityos = 21.95%. The estimation for the
bonds, which is based on monthly data for the Garbmand market index REXP, leads to an
expected one-period return of bonds = 6.02% and a volatility of bondgs = 3.30%. The
estimated correlation coefficient of returns of the indices isp = -0.1648% Furthermore,
we assume the distribution ratio to be= 70% and the target buffer ratio to pe 10%.
Unless stated otherwise, we assume further relgarameters to be those stated in Table 2.

Table 2 Parameters for the analysis

Expected one-period returns of stocks Ms 8.00%
Volatility one-period returns of stocks Os 21.95%
Expected one-period returns of bonds Me 6.02%
Volatility one-period returns of bonds OB 3.30%
Correlation between stocks and bonds P -0.1648
Stock portion a 10%
Guaranteed interest rate rG 2.25%
Rate of interest for the interest-bearing accunuaaccount r'A 0%
Rate of interest for the accoUuRDx rRD 0%

4 For robustness, we also calculated the mean hoaddition to the shortfall probability and found
that the general patterns of the results were aimil
15 The correlation coefficient is significant at &ééof 0.01.
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Risk-free rate

Number of contracts sold
Sum insured in=0

Level premium fofT = 30
Equity int=0

Contract term

Age of the policyholders ih=0
Dividend payment ratio
Distribution ratio

Target buffer ratio

Reduction coefficient for costs of insolvency

Shock to mortality
Inception date

¥ OxN QWX AMmT Y ZF

ISy

3%
100,000
1
0.0247
600

30

35

5%
70%
10%
20%

1

2009

The estimation of the parameters for the BDV (200@)del is conducted on the basis of

mortality data for Germany for the years 1956 ud®08. Numbers of deaths and exposure to
risk are available through the Human Mortality atse. For the years 1956 to 1990, data for
East and West Germany are combined, whereas frd@ i® 2008, data for the total of

Germany is used. The estimated values®f which can be interpreted as a mean central
death rate at age andbx are given in Figure 2.

Figure 2: Estimated values of the mortality indéx and predicted values & for different

shocks to mortality), and estimated values of the time constant pasmset and b,
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Furthermore, Figure 2 shows the estimated timeséri as well as its prediction by using
Box-Jenkins time series analysis techniques, sty the effect of different shocks to
mortality. Based on the Bayesian information craley an ARIMA (3,1,0) process is used. Its
parameters are given as follows: dmft= -1.9275 (0.5295)a1 = -0.0224 (0.1229)@x> =
0.1124 (0.1227), ands = 0.4608 (0.1246), where the standard errors mengn parenthe-
ses. Residual autocorrelation can be excluded ayfftellying the Box-Ljung test (Portmanteau
test), ACF and PACF analyses.

The impact of surplus appropriation schemes ontéflorisk

First, in Figure 3, we study the shortfall risk tbfe three companies for different asset
allocations (left graph) and different levels of madity (right graph). As expected, a riskier
investment leads to substantially higher shorgedbabilities. One can see a rapid increase in
the shortfall probability as the stock ratio growsr instance, stock ratios between 0% and
5% result in a shortfall probability of around 010Gvhile a stock ratio of 20% implies a
shortfall probability of about 0.05, and for stocktios of 20% upwards, the default risk
increases exponentially. Thus, despite the fadtdhas at the capital market are smoothed
via the buffer account (see Equation (6)), oncedimgplus is credited to the insureds, it is
transformed to guarantees, which have to be gextenatsubsequent periods.

Figure 3: Shortfall probability for varying investments stocks and varying shocks to
mortality
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Furthermore, the results show that, even thoughatheunt of surplus is calculated in the
same way according to the smoothing scheme givelaqumation (6), the specific type of
appropriation scheme can have a very different ahpa shortfall risk. In particular, the
bonus system leads to the highest shortfall prdbat@ind thus dominates the system of
shortening the contract term, which, in turn, dombé@s the interest-bearing accumulation
scheme. This order is mainly due to the differeyppes of guarantees implied by the
considered schemes as illustrated in Figures %bandhich is highest in the case of the bonus
system, since, once the surplus is credited topthileeyholder, the guaranteed death and
survival benefit are raised, which in turn incresatige policy reserves. This leads to cliquet-
style effects, since a higher reserve resultinghfeohigher sum insured is subject to the effect
of compound interest, i.e. the guaranteed inteststr® is also paid on the surplus. As illus-
trated in Figure 4 (left graph), this implies amrgasing guaranteed death benefit starting
from around the 1D policy year on, which &af = 30 reaches a value that is more than 70%
higher than in case of the other two systems. hirast to the bonus system, the guaranteed
death benefit is constant and equal to one in oédke interest-bearing accumulation and
shortening the contract term. The average guardrdeevival benefit at maturity = 30 of

the interest-bearing accumulation is slightly higthen the bonus system, but does not com-
pensate for the considerably higher death bendiitthg the contract term (right graph in
Figure 4).

Figure 4: Average guaranteed sum insureds and averagevaumvenefit including the
terminal bonus

average guaranteed death benefit average survival benefit including terminal bonus
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Notes: Average guaranteed death benefit ( E|S>T), where T, denotes thdime of default;
average survival benefit including terminabius = E( S+ TR > B = )l, where T,
denotes the time when the survival benefit is paid.
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The system with shorting the contract term is ndbfiecult to compare to the other two sys-
tems as the survival benefit is paid out earligwieen the 19 and the 3% policy year, on
average. However, when considering the left grapRigure 5, the development of the policy
reserves shows that the bonus system implies gtesi average policy reserves, followed by
shortening the contract term and the interest-hgasiccumulation. Furthermore, Figure 5
(right graph) shows how the buffer account is bugdtover time and that the interest-bearing
accumulation features the highest value throughtwaiicontract term, followed by the bonus
system and shortening the contract tétrithus, even though the comparability is still lim-
ited, the order of the three systems with respeshbrtfall risk can be generally confirmed by

analyzing the policy reserves, the buffer accoant] guaranteed sums insured in case of
death and survival, implying that the bonus syskers the highest risk, followed by shorten-

ing the contract term and the interest-bearing medation.

Figure 5: Average policy reserves and the average developaighe buffer account
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16 Note that the values of the average buffer acctarthe system of shortening the contract term in
the last two policy years 29 and 30 may vary whangidifferent sets of random numbers due the
low number of scenarios in which the survival bé&nefpaid in these last periods. In most cases,
the survival benefit is paid out until the'2gear.
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Thus, depending on the surplus appropriation schédmeompanies can afford a riskier asset
base, implying a higher expected return while kegghe shortfall risk constant, while still
achieving the same shortfall probability. For exén@ stock portion o& = 19.8% in the
case of Company 1 (bonus systemn¥, 20.5% for Company 3 (shortening the contrachjer
anda=21.1% in the case of Company 2 (interest-beasicgumulation) lead to the same
shortfall probability of 0.05.

Moreover, it becomes apparent that the gap, e, absolute difference in shortfall risk
associated with the three surplus appropriatiorerses expands with an increasing stock
portion, even though gains at the capital marketsanoothed via the buffer account. This
implies that it is considerably riskier for Compahybonus system) toeteris paribushold an
asset portfolio containing more high-risk assetemntit is for Company 2 (interest-bearing
accumulation) and Company 3 (shortening the conteam), as a more risky asset stratgey
implies a higher surplus, which in turn emphasit#es cliquet-style effects and thus the
difference between the three surplus appropriay@iems. This behavior is also illustrated in
Figure 6, where the number of shortfalls is dispthyor different stock portions, shocks to
mortality, and higher initial equity capital. In ppaular, a comparison of the case wéh=
10% anda = 25% (ford = 1) shows that the bonus system and shortenmgdhtract term
exhibit a much higher number of shortfalls wherréasing the stock portion, especially for
higher contract years (starting from the"1gear), as compared to the interest-bearting
accumulation.

Next, we focus on the shortfall risk resulting frarchange in mortality as illustrated in the
right graph of Figure 3. We thereby analyze theress shortfall probability as a function of
a shock to mortality ), for 0[0.7,1.3, whered= 0.7 can be considered to represent a
pandemic. Since these shocks to mortality are nedda®y multiplying the negative time trend
k., by 9 values ofdless than 1 increase the mortality rates, whilaesmofd> 1 decrease the
mortality rates (see also Figure 2, left graph)e Tasults demonstrate that, even though the
level of shortfall risk is reasonably small fortack portion of 10% and for the given set of
parameters, the relative changes in risk with reisjpea shock to mortality are not negligible.
For example, a change frod= 1 (no shock to mortality) téd= 0.7 results in about 25%
more deaths within the considered contract periiod © 30 years, and, in the case of the
bonus system, increases the insurer’s risk by aboUt. In addition to this general effect of
higher shortfall probability for an increasing skao mortality, the order of the surplus
appropriation schemes with respect to the levehairtfall risk remains similar to the case of
varying the asset portfolio.
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Figure 6: Number of shortfalls for different stock portiorehocks to mortality, and higher
initial equity capital
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However, in contrast to the asset base, for theidered range of parameters, the difference
between the shortfall risk of the three companggsains fairly stable without showing a gap
as in the case of high stock portions. Thus, irtresih to the stock portion, where particularly
the bonus system exhibits an increasing gap cordparehe two other schemes, all three
companies are affected in a similar severe wayhloglss to mortality. This can also be seen
from Figure 6 when comparing the left column to tight column. In particular, an increase
in mortality by 0= 0.7 implies a considerably higher number of ghtt¢ during the first
contract years, where the difference between teetburplus schemes is still negligible with
respect to guaranteed death or survival benefitelsas policy reserves (see Figures 4 and
5), while towards the end of the contract term, ihenber of defaults remain overall stable,
even though the number of deaths increase for highes (compensated by a higher buffer
account towards the end of the contract term, igs¢ graph of Figure 5). This holds true for
a given stock portion, even when increased to 26&ovehen increasing the amount of initial
equity from 600 to 1,200, which implies that morefadilts occur towards the end of the
contract period. In particular, the increasdegfrom 600 to 1,200 (foa = 25% andd = 1.0,
see second and third row in Figure 6, left graphg)lies a reduction in the shortfall
probability fromSP= 16.4% toSP= 10.3% in case of the bonus system, fieif= 13.0% to
SP=7.2% for shortening the contract term, and fi®R= 11.5% toSP= 5.9% in case of the
interest-bearing accumulation, which illustrates timportance of the initial buffer situation.
Hence, while there is a considerable differencevben the three schemes when comparing
different stock portions (different rows in Figudg their reaction with respect to shocks to
mortality is similar and the amount of the initeqjuity capital (and thus the initial buffer) has
a considerable impact on shortfall risk.

Another important factor in life insurance is thentract duration. Figure 7 displays the
shortfall risk for different contract terms andfdrent stock portionsa(=10%, 25%). All

other parameters being unchanged, including the issaored, the level premium has to be
adjusted (e.g., in case ©f= 40 toP = 0.0181). Here, three effects interact. Firsg tuthe

lower premium payments for a longer contract temserves build up more slowly, which
defers the surplus distribution mechanism. Sectrel predicted time varying indek. that

reflects the general development of mortality otrere is strictly monotonic decreasing as
displayed in Figure 2. This enlarges the discrepancmortality between the projected
mortality and the mortality given by the mortalitgble (premium calculation) for the
additional 10 policy years. Third, mortality ratese higher for people aged 66 to 75
compared to 65 years and younger, which implies tha additional contract period
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pronounces the shortfall risk associated with guaed death benefits and, therefore, the
company with the bonus system.

Figure 7: Shortfall probability as a function of the comfraerm T for a stock portion of
a=10% and foa = 25%
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Generally, the shortfall probability decreases wath extension of the contract term of ten
years. Figure 7 further reveals interaction efféatveen time to maturity and stock portion.
Here, while the risk level is still decreasing &rthree surplus schemes for a stock portion of
a = 10% (left graph in Figure 7), for a stock pontiof a = 25% (right graph in Figure 7), the
level of shortfall risk for the bonus system rensastable, which can to a lesser extent also be
observed for the system with shortening the cohtiexren, while the shortfall probability of
the interest-bearing accumulation still exhibitslearly decreasing level. This shows that the
gap in the shortfall probability between the bonsgstem and the interest-bearing
accumulation as well as shortening the contract tecreases considerably for riskier assets
and an increased contract term (see also Figurés dnd 6). This result is particularly
relevant against the background of long-term catdgraThus, shortfall risk cannot be as
effectively reduced for a longer term in the ca$eéigher stock portions when using the
bonus system and also when shortening the corteaut i.e., in the case of the two other
companies with emphasis on guaranteed death anavaubenefits (possibly paid out
earlier).

Another key risk driver in this context is typicalthe guaranteed interest rate. Results are
displayed in Figure 8 (left graph) and show thaigher contractual guarantee in the form of
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a higher interest rate guarantee leads to highentfah risk for all three systems, stressing
again that the bonus system is associated withhtgbest shortall risk, the system of
shortening the contract term constitutes the sedogldest shortfall risk, and the interest-
bearing accumulation has the lowest shortfall rikkcan be further noticed that these
differences in shortfall risk increase with an g®&se in the guaranteed interest rate.

Figure 8. Shortfall probability as a function of the guaesed interest rate® (r'* = 0%,
rRP = 0%, left graph) and shortfall probability forfférent asset allocations fof = r' =
rRP = 2.25% (right graph)
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The right graph in Figure 8 shows the shortfallgataility as a function of asset allocation,

where the interest rates for the interest-bearsaymulation account and for shortening the
contract term are increased and set equal to tharagteed interest rate, i.e.

ré=r""=rRP=2.25%. In this case, the shortfall risk of théerest-bearing accumulation is

almost equal to the system of shortening the conteam.Nonetheless, these two schemes
are significantly dominated by the bonus systenhwegard to shortfall risk.

Furthermore, it is relevant to assess the impath@fparameters for the surplus distribution
mechanism on the shortfall risk with regard to thierent surplus appropriation schemes.
Figure 9 presents the shortfall probability forywag values of the surplus distribution ratio
and target buffer ratigz In the left graphy equals 10%, and in the right graphjs set to
70%, while the stock ratio is kept constantat 10% for both. As can be seen in Equation
(6), these parameters control the surplus disiohuto the policyholders. In general, the
insurer’s shortfall risk varies considerably witlteteris paribusncrease ina and aceteris
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paribusdecrease iy, respectively. A decrease gfe.g., from 10% to 5%, more than quadru-
ples the shortfall probability for Company 1 (borsystem).

Figure 9: Shortfall probability as a function @f and shortfall probability as a function pf
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These effects, i.e. the more surplus that is paithé insureds and thus transformed into
guarantees, the higher the shortfall probabilisesi do not occur equally for all three
companies but depend on the extent of the guaramteethus on the type of surplus

appropriation scheme. The results demonstratepiduaicularly Company 1 with the bonus

system is most sensitive to changes in those twanpeters, followed by Company 3, which

applies the system of shortening the contract temmd, finally Company 2 with the interest-

bearing accumulation.

The impact of surplus appropriation schemes omttepresent value

We next study the impact of the three surplus gmpation schemes from an insured’s point
of view by examining the policyholder’s (fair) natesent value. Figure 10 displays results for
different stock portions, shocks to mortality, cquaeed interest rates, and distribution ratios
for a cost of insolvency af = 20%. Results for, e.g., the target buffer ratie similar and are
thus omitted.
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Figure 10 Policyholder net present value for varying assditscations, shocks to mortality,

guaranteed interest rate, and distribution ratio
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Figure 10 shows that, in the present settingNR¥ is slightly negative in all four cases, im-

plying that the expected discounted sum of prempayments exceeds the present value of

benefit payments, which is true for all three susphppropriation schemes. This effect can be

explained by the inclusion of an insurer insolvengliich reduces the benefit payments but is

not considered in actuarial pricing. Furthermoneg & line with this, theNPV (except for

certain cases) generally decreases for a highek gtmrtion, a higher guaranteed interest rate,

or a higher surplus distribution ratio, i.e., wéh increasing shortfall probability (see Figures
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3, 8, and 9} Moreover, the bonus scheme with the highest siibrték implies the lowest
policyholderNPV. However, even though the company with a surppmapriation mecha-
nism used to shorten the contract term only hasélcend highest shortfall risk, it yields the
highestNPV (instead of the interest-bearing accumulation withlowest risk).

These general observations are different in the casncreasing mortality rates (upper right
graph in Figure 10), where we observe an almossteoh and slightly increasingPV, as
higher mortality probabilities lead to earlier deaenefit payments before maturity, thus im-
plying a tradeoff with respect to early defaifltiere, the findings reveal a greater increase for
the bonus system compared to the two other schemigsh is in line with the higher death
benefit payments in case of the bonus system ésegraph in Figure 4).

In general, even when fixing the shortfall risk the three companies, e.g. to a shortfall prob-
ability of 0.05 by adjusting the stock portion, th€V can differ for the three surplus appro-
priation schemes. In particular, thé?V for Company 1 (bonus system) would be equal to
-0.031 & = 19.8%), theNPV of Company 2 (interest-bearing accumulation) i930 and the
NPV for Company 3 (shortening the contract term) woekllt to -0.029. While these differ-
ences appear minor at first glance, they have toteepreted against the background of scal-
ing, as the initial guaranteed sum insure8iis 1. Furthermore, these differences in iV
can increase depending on, e.g., the given levshoftfall risk and the shock to mortality,
and result from the different assumptions conceyire actuarial pricing and the calculation
of the net present value. While actuarial priciegonducted under the real-world meadeire
and without including default, the net present eakicalculated under the risk-neutral meas-
ureQ, thereby additionally taking into account defddllt.

17 In the case of no insolvency costs, i.e., all i@ing assets are paid to the beneficiaries in teme
of a shortfall, theNPV increases for riskier asset allocations, whiatiuis to compensating relative-
ly small losses in the event of default by highures in periods of solvency. Furthermore, the order
of the three schemes changes, with the interesiFgeaccumulation yielding the lowestPV.
However, as this assumption of no insolvency cdees not seem realistic in practice, this case is
not further considered.

18 Note that, for higher costs of insolvency, MieVsare decreasing as well.

19 See Gatzert and Kling (2007) for similar argumentthe context of comparing the risk of fairly
priced participating life insurance contracts (unithe risk-neutral measure).
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Comparison with previous literature

In general, our results can be considered to Bmeénwith previous literature and to further
extend earlier findings. However, the comparisomwf results to other work has to be con-
ducted against the background of differences inefsodnd assumptions. In particular, the
endowment insurance with death benefit (and witreautender) in Gerstner et al. (2008),
denoted as produpt?, is comparable to our bonus system, where at &eashimum interest
rate has to be paid to the policyholder accountaddition, the surplus distribution approach
is the same as in the present paper, based onrGaoseJgrgensen (2000), but without mod-
eling the concrete surplus appropriation schemeebieer, their model also accounts mortali-
ty risk; however, policyholders die according te thortality table, while we forecast mortali-
ty and thus generate a surplus component thattsefsain cautious mortality assumptions in
actuarial pricing. Finally, Gerstner et al. (20@®nsider a heterogeneous model portfolio,
consisting of contracts that differ with respecthe initial age of policyholders, gender, and
monthly premium, and take into account a dynanmseallocation.

With respect to Kling, Richter, and Russ (2007hgirt first and second surplus distribution
system are comparable to our setting, as theitrdystem incorporates a cliquet-style interest
rate guarantee, where the guaranteed rate also a&spaid on distributed surplus. However,
the smoothing scheme is different and featuresifsp@tanagement rules. The second mech-
anism represents an interest-bearing accumulatitbere surplus cannot be reduced once it
has been credited to the policyholder’s accounttand ensures an interest rate guarantee of
0% (without cliquet-style effects). In the thirdrplus model, surplus is credited to a terminal
bonus account, which is not guaranteed, sincerih@rér can reduce the account in order to
keep the insurance company in force. In contrastutosetting, mortality effects are not in-
cluded and pricing is not conducted, as the compgmagsumed to be in a “steady state”, im-
plying that the amount of cash outflows equals ¢afibws.

Even though the models are thus not fully comparablours due to different model ap-

proaches and varying assumptions, central previesidts can still be confirmed and extend-
ed. For instance and most importantly, similar ®r<ther et al. (2008) and Kling, Richter,

and Russ (2007b), the interest rate guaranteesemiea key risk driver and implies a serious
increase in shortfall risk. In addition to previofisdings, our results demonstrate that this
holds true even if surplus is appropriated in défe ways.
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Furthermore and also in accordance with our resaitdncrease in the stock portion leads to
a rapid increase in the shortfall probability foifetent surplus systems in both papers. How-
ever, in case of Kling, Richter, and Russ (200 first two surplus systems that are similar
to our bonus and interest-bearing accumulatioresyst(implying a guarantee of past surplus)
react similarly with respect to an increase in shack portion, and differences mainly arise
with respect to the third system, which allows ih&urer to reduce past surplus, thus being
superior to the other two mechanisms. Howeverumsetting, once surplus is credited to the
policyholders’ accounts, it cannot be reduced at tame in the future for all three surplus
appropriation schemes. Despite this fact, we eblberve a considerable increasing gap in
shortfall risk between all three systems as thekstatio grows. Thus, taking into account
mortality risk and the concrete surplus appropsrascheme as is done here reveals a stronger
reaction and an increasing gap for the three ssirpppropriation schemes with respect to
asset risks.

Moreover, observations for longer contract ternfledcompared to Kling, Richter, and Russ
(2007b), as their results show an increase in fllorisk when raising the time horizon. In
contrast, our findings reveal a rather constargvan decreasing shortfall risk, depending on
the stock portion and the respective surplus apm@tgn scheme. This difference can be as-
cribed to the fact that for the initially guarardegeath and survival benefit, we explicitly de-
termine the actuarially fair premium, which dece=afor higher contract terms, thus deferring
the surplus distribution mechanism as reserves lupl more slowly. In addition and as de-
scribed in the previous subsections, the discrgphetween the mortality table used in pric-
ing and the projected and actually realized madytaéites increases, thus raising the insurer’'s
buffer. Hence, a longer contract term implies adowsk, which is not the case when using
steady-state assumptions.

Finally, in line with results in Gerstner et al0B) and Kling, Richter, and Russ (2007b), the
shortfall risk decreases with an increasing initeeerve and equity for all considered compa-
nies. Providing further detailed analyses, Gersateal. (2008) additionally show that due to
the high initial buffer, default risk is almost pedluring the first contract years. This can also
be seen in Figure 6, which illustrates the shifthef number of shortfalls over time towards
the end of the contract period for higher initiaptal resources.
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4. SUMMARY

In this paper, we examine the impact of differampius appropriation schemes for participat-
ing life insurance contracts with respect to theuner’'s risk exposure and the policyholder’'s
net present value. Three systems for a particigdife insurance contract are considered.
First, the bonus system, which increases the gteedrdeath and survival benefit; second,
the interest-bearing accumulation, which accumalateplus on a separate account, and thus
keeps the death benefit constant while increasiegstirvival benefit; and, third, shortening
the contract term by transforming surplus in adi@apayment of the survival benefit along
with a reduced number of premium payments, whikpkeg the amount of the death and sur-
vival benefit constant, a system which has not e@mined to date. In the analysis, we ana-
lyze the impact of asset and mortality risk as \asltime to maturity and surplus distribution
ratios on shortfall probability based on an actlaeserving model. Mortality risk is modeled
using a variation of the Lee-Carter (1992) model assets are assumed to follow a geometric
Brownian motion.

Our results show that, even if the amount of swpduderived in the same way using a re-
serve-based smoothing surplus distribution approdlol concrete surplus appropriation
scheme has a considerable impact on the risk isituat an insurer and the policyholder’s net
present value. In all cases, the bonus systemeasftie highest risk for the insurer, followed
by the system of shortening the contract term, evthe company that provides the interest-
bearing accumulation scheme faces the lowest siiongk throughout our analyses. While
increased mortality leads to generally higher satbpprobabilities, the differences in shortfall
risk between the companies representing diffenerglss appropriation schemes roughly per-
sists for different shocks to mortality and all afected in a similar, severe way.

In contrast, for different asset allocations, tbenpanies’ shortfall risk exhibits an increasing
gap between the three appropriation schemes fbehgtock portions. Particularly in the case
of the bonus system, a riskier investment strategults in a considerably higher increase in
the shortfall probability compared to the interlbestring accumulation or shortening the con-
tract term. Consequently, a company applying theubcsystem is advised to compose its
asset base in a more conservative way than a cgmygnone of the other two appropriation
schemes to achieve the same shortfall risk.

In line with these results, an increase of distebdusurplus leads to generally higher shortfall
probabilities. Here again, there are substantiéminces in default risk between the types of
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surplus appropriation schemes. When fixing the ll@feshortfall risk, the interest-bearing
accumulation allows a considerably higher policdeolsurplus participation as compared to
the system of shortening the contract term orarigular, the bonus system. With respect to
the policyholder’s net present value, the thre¢esys also differ, as the system of shortening
the contract term induces the highest net presagoevirom an insured’s point of view, fol-
lowed by the interest-bearing accumulation, while bonus system implies the lowest net
present value for the policyholders.

In summary, the combination of actuarial pricingd aeserving approaches with financial
approaches to measure shortfall risk and to ewalila contract in a fair way from the poli-
cyholder’'s perspective allows a deeper insight imtmdamental effects of surplus appropria-
tion schemes. Thus, even if the smoothing surpktsiloution scheme is the same, the way of
using surplus with respect to guaranteed deatlumival benefits or shortening the contract
term substantially impacts an insurer’s risk sitwatIn particular, these findings demonstrate
that it is mainly the guaranteed death benefitoearlier survival benefit that can increase the
risk level and that a risk reduction for longer trant terms may not be as effective in the case
of the very common bonus system as compared tdestiog the contract term or interest-
bearing accumulation.
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