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ABSTRACT

The aim of this paper is to analyze the impact ahagement’s strategic choice of
asset and liability composition in life insuranae shortfall risk and the sharehold-
ers’ fair risk charge. In contrast to previous wonsle focus on the effectiveness of
management decisions regarding the product mixtamdskiness of the asset side
under different surplus appropriation schemes. \Wg@se a model setting that
comprises temporary life annuities and endowmesitiramce contracts. Our nu-
merical results show that the effectiveness of mameent decisions in regard to
risk reduction strongly depends on the surplus @gmption scheme offered to the
customer and their impact on guaranteed benefinpais, which thus presents an
important control variable for the insurer.

Keywords: Participating life insurance, surplus distribatigisk-neutral valuation, manage-
ment mechanisms
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1.INTRODUCTION

Management decisions regarding asset and lialmbtyposition can considerably impact a
life insurer’s risk situation and also the fairkradjusted compensation for the company’s
shareholders. Decisions can relate to various ffactocluding a dynamic adjustment of the
portion invested in high-risk assets, the portf@amposition on the liability side as well as
the type of surplus appropriation scheme, whicthatsame time influences the extent of the
long-term guarantees typically embedded in theséracts.

Life insurance contracts in many European countt@dain a legally enforced participation
mechanism through which policyholders participatehie company’s surplus. This surplus
participation represents an important factor in petition between insurers and is paid in
addition to a guaranteed interest rate that is alhynaredited to the policyholder’s account. In
addition, it is not only the absolute amount ofpdus distributed to the policyholders that has
an effect on shortfall risk; the concrete way inathdistributed surplus is credited to the pol-
icyholders also has a considerable influence orvéthge of the surplus participation part of
the contracts (see Bohnert and Gatzert, 2012).eTsesalled surplus appropriation schemes
also impact the risk profile of the insurance compdue to their varying characteristics of
turning surplus into guarantees. Policies may featarious appropriation schemes. In case
of an endowment insurance contract, for instanoglgs is used to increase the death as well
as the survival benefit, while interest-bearingusalation increases the survival benefit only
(and keeps the death benefit constant). In cas@ @nnuity contract, surplus can be used to
increase the annual annuity payments until matusitysurplus can be directly paid out to the
policyholders in the corresponding period (diregyment scheme).

Another important control variable besides the kigappropriation scheme is the mixture of
the product portfolio, e.g., the percentage of #resiand life insurance contracts that a com-
pany sells, which impacts liabilities and asseiteeadue to the different timing and amount of
cash in- and outflows. In addition, a dynamic pa#pendent asset strategy can be imple-
mented regarding the riskiness of the asset patfolimprove the insurer’s solvency situa-
tion, as assets can be more easily adjusted ogezathtract term as compared to the liability
side. The management of assets and liabilitiea fde insurer with various product portfolios
including a detailed modeling of surplus approjpoaischemes can have an important impact
on the company’s shortfall risk as well as on ikk-adjusted compensation for shareholders.
Therefore, the aim of this paper is to examineigsge in more depth, thereby ensuring a fair
situation for shareholders.



In the literature, various papers examine partiongalife insurance contracts including sur-
plus distribution mechanisms and interest rate antaes, focusing on different aspects. The
traditional actuarial surplus management focuselsat@incing conservatism and fairness (also
with respect to the equityholders) of surplus dsition schemes and has been discussed
since as early as 1863 by Homans (1863) and bydabdxStorr-Best (1963). In the current
literature, one aspect of special interest has bis&meutral valuation, which has been re-
searched by, amongst others, Briys and de Varei8¥}, Dong (2011), Grosen and Jgrgen-
sen (2000, 2002), Hansen and Miltersen (2002), I&yilJgrgensen, and Nielsen (2006),
Kling, Ruez, and Russ (2011), Tanskanen and Lukkar(2003), Siu (2005), Schmeiser and
Wagner (2011), and Goecke (2013). In addition, sévgapers have focused on combining
risk pricing and risk measurement, including Gataed Kling (2007) Kleinow and Willder
(2007), and Gatzert (2008). Kling, Richter, and R(#)07a, 2007b) analyze surplus distribu-
tion schemes and their effect on an insurer’s ggiation while in Bohnert and Gatzert
(2012) different surplus appropriation schemesartigipating life insurance are analyzed for
the first time from the policyholders’ and the insts perspectives encompassing mortality
and financial risk, thereby also studying the intpatdefault risk.

With respect to management discretion, Kleinow &vitlder (2007) and Kleinow (2009)
analyze the impact of management decisions on hgdgnd valuation of participating life
insurance contracts, while Gatzert (2008) examdiffsrent asset management and surplus
distribution strategies for participating life imance contracts. A general asset-liability man-
agement framework for life insurance is providedsrstner et al. (2008) that allows the
company to control the asset base, the bonus déolarmechanism and the shareholder par-
ticipation. Furthermore, Huang and Lee (2010) agtt the optimal asset allocation for life
insurance policies adopting a multi-asset returrdehahat uses approximation techniques.
The optimal portfolio composition for immunizing lde insurer’s risk situation against
changes in mortality has been studied in Gatzett\&@esker (2012) with a focus on endow-
ment insurance contracts and annuities, but withieciuding surplus distribution mecha-
nisms or dynamic asset management strategiesrédspy the products on the Danish mar-
ket, Guillén et al. (2013a, 2013b) study the penfmnce of Danish with-profit pension prod-
ucts and life cycle products, where they also astéar management decisions such as asset
management strategies.

Thus, while asset-liability management, portfola@rgposition and management rules in gen-
eral have been researched previously, the effewsg of management decisions regarding
the asset and liability composition for differentrg@us appropriation schemes has not been



examined so far, even though surplus appropriaaemes play a central role in traditional
life insurance and can substantially impact shbrtisk and shareholder value due to their
consequences for the long-term guarantees prortosgdlicyholders. One major question is,
therefore, how surplus appropriation schemes éémdint products impact the effectiveness of
management discretion regarding path-dependent asmeagement strategies and product
compositions on the liability side. Such an anaysill provide important insights in regard
to the management of long-term guarantees indugetifplus appropriation schemes as well
as complex interactions between assets and liabilim life insurance and their effect on risk
and a fair shareholder position.

Therefore, in this article, we extend previousréitare by analyzing the effectiveness of man-
agement decisions regarding the asset and lialihitgposition for a life insurance company
selling endowment insurance contracts and annuitieter different surplus appropriation
schemes on the company’s shortfall risk and onfairecompensation of shareholders. To-
ward this end, we provide a model setting includimg two life insurance products with dif-
ferent surplus appropriation schemes. The smootsimglus distribution scheme considered
in the model is thereby similar to the mechanishas have been used in, e.g., Denmark for a
long time, implying that many important managenugtisions are now taken on the basis of
this type of modelsOn the liability side, we consider the impact lod portfolio composition,
thereby always ensuring a fair risk charge for shalders. On the asset side, the effective-
ness of management rules that modify the riskiméske investment is studied, i.e., where
funds are dynamically shifted from stocks to botwlseduce volatility and vice versa using a
constant proportion portfolio insurance (CPPI)-loaseestment strategy. These asset feed-
back mechanisms can have an impact on the overauat of generated surplus and thus
also on the policyholders’ surplus participatiord dhe induced increase in guaranteed bene-
fits, which may imply complex interactions.

The remainder of the paper is organized as folld®extion 2 introduces the model frame-
work of the insurance company, along with the manaant decisions and the surplus appro-
priation schemes. Numerical results are present&kction 3 and Section 4 concludes.

2.MODEL FRAMEWORK
In what follows, we consider a life insurer thateo$ two products: temporary annuities and

participating life insurance contracts (also reddrto as endowment contracts) with different
surplus appropriation schemes. We make use of taehiramework introduced in Bohnert



and Gatzert (2012) for surplus appropriation scleemeparticipating life insurance and ex-
pand their setting in various ways. In particulee propose various company setups, where
the product portfolio composition, surplus apprapan and asset strategies can be studied
that are defined at inception of the contracts. ifkarer’s balance sheet at tinis laid out in
Table 1.

Table 1 Balance sheet of a life insurance company at time

Assets| Liabilities
A E

PR?

PR®

1At

B

A A

At the beginning of the first contract year=(0), equityholders make an initial contributian o
E, = [A, and the collectivity of policyholders pay singleemiums of(l—I)Dx0 1 The book
values of the policy reserves for the annuities @r@dtraditional endowment insurance con-
tracts are given byPR™ and PR®, respectively andiA; denotes the book value of the endow-
ment insurance contracts’ interest-bearing accutioulaystem. The buffer accouBt is de-
termined residually by subtracting equity, the pghtiolders’ accounts and dividends paid to
the equityholders from the market value of the &s@e), where equity i) is assumed to be
constant over time (see also Kling, Richter, andsR@007a, 2007bf)Furthermore, a run-off
scenario without new business is considered.

1 The initial equity capitalk is set equal in case of annual premium paymentsdimparability reasons.
2 Thus,B; is a hybrid, since it is the difference betweenkatand book values. This is a simplification loé t
actual procedures in an insurance company (seeGas Jgrgensen, 2000).



2.1 The liability model

The insurance contracts

The company’s range of products comprises tempaoaianuity and endowment insurance
contracts with a contract term ®fyears® We assume that a total numberNotontracts is
sold, which is distributed among life insurance anduity holders, such that

N®=¢[N, N°=(1-¢)0N,

where ¢ is the percentage of annuity contracts. The amsuédre sold against single premi-
ums, whereas the endowment contracts are sold sigangle premiums as well as against
annual premiums. We consider pools of contractsateactuarially priced based on mortali-
ty tables. Thus, the single (net) premiums fortdmaporary annuity and the endowment con-
tract for an individual policyholder are given by

Psﬁgle = R_ EB)-(:ﬂ ) and Psigle = S. Dpx\ﬂ !

respectively, wher&; denotes the initially guaranteed annual annuitynpent in case of sur-
vival (without any surplus) ang denotes the initially guaranteed sum insured éndéise of
death or survival, both paid in arrears. The c@wading constant annual (net) premium for
the endowment contract (paid in advance) is giwearinuitizing the single premium, result-
ing in

PS - % EIAx:ﬂ )
A

The actuarial present value of an endowment inggranth a sum insured of one and a con-
tract term ofT years (A ) for an individualx-year old policyholder and the present value of

3 In Germany, for instance, endowment insuranceraots and annuities together account for more @@
of the premium volume in life insurance and thysresent a major product design in the life insueasector
(see GDV, 2013, Table 34). An endowment policy idamsical savings product and typically featuresia
tractually defined duration after which a lump sigmwpaid out to the policyholder in case of survivabr
comparability reasons, we further consider a teragoannuity with a contract term that is identitmlthe
endowment policies rather than a lifelong annuitye effects shown for these contracts types aceddlsel-
evance for other types of participating life inswra products with different surplus participatichemes.



an immediate temporary annuity féryears with an annual annuity payment of one in ad-
vance @ ) and in arreard - ) is given by

T-1 1 i
An=2VHRM. VL R g =2 v Op, andag =3 vn, @)

where v:(1+ rG)_1 describes the discount factor using an actuamigrést rate of®. The
probability of anx-year old insured person survivihgears is given byp, , while g,,, states
the probability of dying within one year for a pojholder agea+t. The mortality probabili-
ties that we use for pricing and reserving are éhasethe mortality tables by the German Ac-
tuarial Association that include a safety loadifigs{-order mortality basis). For annuities,
mortality probabilities of the table “DAV 2004 Rtewused, whereas the table “DAV 2008 T~
is applied for the endowment insurance holderssifruilate the number of deaths in our later
numerical analysis, we use the second-order miyrtadisis of the corresponding table, i.e. the
tables’ underlying best estimatedn illustration of the evolution of cash flows wdting
from the insurance products over time is giveniguFe 1.

Figure 1: Development of cash flows from the insurance potsl over time (‘- denotes De-
cember 3% and ‘+’ denotes January'for each year)

-9+ -|1+ -It+ -TI-1+ -IT+ time
>I< X Jlr 1 X lr t X +IT -1 xJLT cohort specific age .
0| O Ri| O R|O Rri| O Rr| O annuity payment
0|0 S |0 S|0 Sra| 0 Sr|0 sum insured payment
0| Rige 0|0 0|0 0|0 0|0  single premium annuity
0 Pj@e 0|0 0|0 0|0 00 single premium endowment
o|P° 0]PS 0| PS 0| PS 00 annual premium endowment
0|0 0| Da 0| Dt O| Dri 0| Dt dividend for equityholders

4 Note that one could alternatively also use mitytalata from other countries as the model itsglfi&neric.
The “DAV” tables are the current mortality tablemyided by the German Actuarial Association (“DAV")
The “DAV 2004 R” table is based on German mortatiifa for annuitants and includes safety loadings t
account for model risk as well as the risk of agie@erm change in the mortality trend. The “DAV 20D8is
determined based on mortality data of those insoreéndowment contracts, term life insurance aritt un
linked policies. Here, safety loadings include tis& of random fluctuations, model risk and parameisk,
while the risk of a change in the mortality treschieglected. Note that the considered tables wittheusafe-
ty loadings (best estimates) are not identicalasecof the tables “DAV 2004 R” and “DAV 2008 T"nse
the corresponding cohorts that are used for coctstig the tables differ. For further details, see
www.aktuar.de.



Note that the premium payment(s) are constant,enthié benefits from the contracts vary
over time depending on the company’s generatedusugnd the selected surplus appropria-
tion scheme.

Policy reserves

The policy reserves for the annuity and endowmesiirance contracts are calculated on the
same actuarial basis as the premiums. The polegrves for the pool of annuity policies
( =R) and the pool of endowment insurance contrgctsy at the end of yedrare given by

PRi=(Nj—ide\Z,j=R,S 2

where V! represents the actuarial reserve for an individueuity or endowment contract
and d’ specifies the number of deaths (of ygdrom the cohort of the initially sold contracts
(N)), which is determined based on the best estimaftése corresponding mortality table,
i.e., the mortality tables without safety loadifgs.

The prospective calculation for the actuarial resdor anx+t-year old insured at timefor
an individual annuity contract is thereby deterrdibg

V' = Ra BBy 3)
and for an endowment contract, the individual atalaeserve is calculated by

S — .
Vi = S DAx\ﬂ:ﬂ B I?SD XktT—1 (4)

using the actuarial present values stated in Equdfi), whereR:+1 is the guaranteed annuity
that is paid at the end of yetafat timet+1) in case of survivals+1 denotes the guaranteed
sum insured (that is paid out if death occurs duyieart, i.e., from timet until timet+1, or if

the insured survives until maturity) arRxE indicates thd-th premium payment. In case of a

5 For simplification purposes, we refrain from mibag systematic longevity, but we do take into aouothe
difference between anticipated mortality includisefety loadings (for pricing and reserving) andized
mortality. This also contributes to the natural gration of surplus and is typically conducted fe Insur-
ance.



single premium,R’ = Ry . and R°=0, t=1,...T, whereasR® = P® for a constant annual
premium.

Buffer account

Surplus that has already been generated, but hdtegs distributed to the policyholders and
has thus not been transformed into guaranteessys&tyed in the buffer account. Funds in this
account belong to the policyholders but are notaptaed, as they can be used to compensate
losses in years of low asset returns. At the engeaft, the buffer account is residually de-
termined by

B =A -PR-PR- 1A~ E (5)

At the end of the last year, the value of the butiecount (minus dividend payments)

determines the terminal bonueBf) paid to policyholders, which cannot become negagind
is given by

TB, =max(B. - D,,0= maf{A - PR - PR - IA- E- D.0.
2.2 The asset model

We assume that the investments on the asset k)devflve according to a geometric
Brownian motion, which is given by

dl, =0, Mt+o0, MW",

with an asset driff,” volatility ¢ and aP-Brownian motionW’ defined on the probability
space(Q,.#,P). The solution of this stochastic differential etjoia is given by (see Bjork,
2009)

6 We thereby take into account diversification effdoetween the pool of endowment insurance costiaud
annuitants but, as in Bohnert and Gatzert (2012)dw not focus on substitution effects across geioes.
Analyses on generational substitution effects canfdund in Dgskeland and Nordahl (2008) and Faust,
Schmeiser, and Zemp (2012), for instance.

7 Under the risk-neutral pricing measu@e the asset drift changes to the risk-free ratand the stochastic
differential equation is thus given Wy, =r, 0, [dt + o 0, @W,S° with aQ- Brownian motior\\®.
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= l(t—l) @rx ,

with independent standard normally distributed mandvariablesg and a continuous one-
period returrri. We further assume that the total asset basenpesed of stocks and bonds
with a stock ratioa. To account for different stock ratios in the fpard, we consider an
adjusted return with corresponding drift and vdilgtifor the aggregate asset portfolio, which

satisfies

r=all+(1-a) @,

with continuous one-year returns of stoeksand bondsg, corresponding volatilities and
drifts o5 and o, expected valuess andme (m = -¢°/2,i = B, 9 and a correlation
coefficient p. At the beginning of the first year, the initiads@t value is composed of the
equity capital and the (first) premium payments,, i.

Ab* = F')sli:;gle ENR + F')sigleDN S+ % ' (6)

in the case of single premiums for both contragtetyand A =0. In case of annual
premiums for the endowment insurance, the corredipgrsingle premium @gm) has to be
replaced by the first constant level premi@hin Equation (6). During the contract term,
annual annuity paymeni have to be paid out to those annuitants stilleativthat time and
death benefit§ are paid to the heirs of the policyholders whaddi@ring the contract year.
Hence, the asset base at the end of tysagiven by

A=A E-RN-Y d‘j— S, @)

At the end of yeat, which is assumed to be equal to the accountibg ti@o cases have to be
distinguished for the further development of asseis liabilities. First, in case the insurer is
solvent and assets are sufficient to cover thelilias, i.e., A = PF{?+ PF§+ IA, being
equivalent toB_+E 20, a constant fractiof of the equityholders’ initial contribution is
paid out to as annual dividend paymedt$ i.e.,

8 If the insurer is solvent but does not have ehorggerves to pay the dividends, i.e.Bf +E =0, but
B. <D, thenD, =0. If the buffer account becomes negative, but gaquapital is sufficiently high to cover
the losses in this period, i.e8_ <0, but B_ + E =0, the insurer still remains solvent. Here, equapital
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D, =8[E,, if B.2D,.

This leads toB, =B_— D and results in an asset base at the beginningarftyl of (see
also Equations (6) and (7))

A=A-DPIN-3 0

The last summand denotes the annual premium pagrfamihe endowment contracts, which
are set to zero in the case of single premiumsr®kdn the case of an insolvency, liabilities
cannot be covered by assets, i.8., < PF{f + PI§+ IA and equivalentlyB_+E <0, the
company is liquidated by distribution of the remagn assets less bankruptcy/liquidation
costsc A?t—l)* [&" [{1- ¢) to the policyholders who are still active.

2.3 Surplus distribution and appropriation

With respect to surplus appropriation, three scleare considered. For the annuity, the di-
rect payment scheme and the bonus system are wketkas for the endowment insurance,
the bonus system and the interest-bearing accuionlate applied based on the model in
Bohnert and Gatzert (2012). While surplus is useth¢rease the initial annuity and guaran-
teed sum insured in case of the bonus system usuigpkaved on a separate account in case of
the interest-bearing accumulation or directly paid to the annuitants in case of the direct
payment scheme.

Thus, in addition to the calculatory interest nétésee Equation (1)), which has to be credited
to the policy reserves annually and which thus ttutes a guaranteed interest rate, the
policy interest rater,” that includes surplus in addition to the guaramteeterest rate is
determined using the reserve-based approach slio@rosen and Jgrgensen (2090),

is reduced by the amount of the loss and the baffeount is set to zero. In the next year, the arolieq-
uity capital is increased again to the original amtdy using gains from the next period (see Equath)).

9 Traditional participating life insurance contmatith their surplus distribution and appropriatischemes
make use of the process of collective saving (imtresst to individual saving as in case of unit-&dkpoli-
cies, for instance). An detailed analysis of retsnmoothing mechanisms is provided in Guillén, Josge,
and Nielsen (2006), while the merits of collectsaing has been addressed in Goecke (2013), fanices.
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r” =max{r® a ) -y, (8)

with a target buffer ratig; i.e., the ratio of the free surplus or bufferidad by the liabilities
belonging to the policyholders and a surplus distion ratioa, which controls the extent of
surplus that is distributed to the policyholdereeTnodel proposed by Grosen and Jgrgensen
(2000) has certain aspects in common with an appresaggested in a report by the Danish
Financial Supervisory Authority (1998). In partiaul the idea to determine bonus (in excess
of a guaranteed rate of return) as a fraction ohailable buffer is a common characteristic
of the two approaches and this is what has beagtkenm practice in Denmark, for instance.

The total amount of surplus for an individual cawtrin thet-th year is derived based on the
individual reserves and defined'By

PR, f¢-r°), j=RS.

Based on this surplus distribution approach, dférappropriation schemes are applied,
which have an impact on the overall dynamics oét@sand liabilities.

Surplus appropriation: The bonus system for annaiityy endowment insurance
The bonus system uses the annually distributedlwsir@mount as a single premium to

increase the annuity; and the initially guaranteed sum insu@dor the rest of the contract
term. For an individual annuity contract, the aiaial annuity is calculated by

PRE, "= r%) /("= d |

a><+t:ﬁ\

AR = (9)

and for an endowment insurance, the additional issored is given by

10 This is a typical approach to model surplus distiion when guaranteed interest rates are in e, e.g.
Grosen and Jgrgensen, 2000). A model for distrilgusiurplus to policyholders and equityholders vsiple-
cific characteristics of German regulation candaenfl in Maurer, Rogalla, and Siegelin (2013).
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o P e (v

(10)
Ax+t:ﬂ

which results in an increased annuity and sum atsuespectively, of

R.=R+ARandS, = S+A &

In this setting, the surplus credit to the policdeos’ reserves also participates in future
surplus and is compounded at least with the guaeaninterest rate, thus inducing cliquet-
style interest rate effects (see Equations (3a(@) (7)).

Surplus appropriation: Direct payment scheme fa émnuity

The annuity’s direct payment directly pays out susgo the policyholders in addition to their
originally guaranteed annuity in the subsequent.ybacontrast to the bonus system, the
annual surplus amount per annuitant only incretdseaext annuity payment, i.e.,

R Re PR - f)( -3 o).

while the annuities after this additional paymerg aot affected by the surplus, but might
again be increased by single surplus paymentsifollowing years.

Surplus appropriation: Interest-bearing accumulatifor the endowment contract

In case of the endowment insurance’s interest-bgatccumulation, surplus is accumulated
on a separate accoud, comparable to a bank account that is paid othégolicyholder at
maturity in case of survival. In case of death ngithe contract term, funds are transferred to
the buffer account and thus eventually to the ctiléy of policyholders. The policyholders’
heirs only receive the sum insuredSaf which is constant throughout the contract terime T
interest-bearing accumulation account at the engeaft (including new surplus) earns an
interest rater* >0 and is given by

i =1, ) fiead/(nE-Tad) PR ), w0
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2.4 Management decisions regarding assets and liibes

The management of the insurer has several optmmsohtrolling the asset and liability side
in order to positively influence the insurer’s risikuation or shareholder value. The insurance
company’s risk profile can for instance be altet®gd means of the product portfolio
composition by setting the fractiop of annuities (and endowment contracts #)- The
liability side can further be controlled by emplogia specific type of surplus appropriation
scheme for both products, which alter the implie@rgnteed benefits. Regarding the asset
side, a path-dependent adjustment rule of riskragiecontrol variables can be implemented.
In the following, we consider a dynamic CPPI-bagsetiback mechanism, where the stock
portion at timet is given by

A.-PR._-PF - IA
a. =min max{ r{l) () ) n,0| g, |, (11)
A.

wherem is a multiplier that controls the extent to whigbsets are shifted towards the risky
investment an@max represents the maximum stock portion allowite initial stock portion

is denoted byap. The nominator thereby represents a buffer betwkeriabilities and the
assets available to cover the liabilities. The lote buffer becomes, the less is invested in
risky assets and vice versa.

A more dynamic approach has recently been intratiloge Guillén et al. (2013b) using an
alternative feedback mechanism, where the stockopoat timet depends on the shortfall
probability, which is given by the probability thidte buffer ratio falls below a critical level.
In particular, the stock portion is maximized whallesuring that the shortfall probability does
not exceed a certain threshold in the subsequeitdoge.g. according to a solvency level of
99.9%). This approach could be an interesting &rrthevelopment for future models. Note
that other feedback mechanisms are possible asawélthat the focus of this analysis is not
on finding an optimal asset allocation strategy, tather on studying the general impact and
effectiveness of a feedback mechanism that depemads insurer’s risk situation with respect
to different products including different ways atditing surplus to policyholders. We thus
focus on studying a set of relevant managerialrobnariables and their fundamental inter-
play in an insurance company and do not study h@amagerial discretion is affected when
facing pressure from customer needs or when desisignamically depend on shortfall risk
as is done in Guillén et al. (2013b), for instarveRich we leave for future research.
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2.5 Risk assessment and fair valuation from the sheholders’ perspective

To determine the impact of management decisionsrdarg the riskiness of the asset invest-
ment, the portfolio composition and various surpdppropriation schemes, we calculate the
life insurer’s shortfall risk. A shortfall of theompany occurs if the value of the asdgts
falls below the value of liabilitiesA- < PR + 1A + PK (or, equivalently, ifB_+E <0).
Hence, the shortfall probability under the real-\doneasurd® is given by

sP=H(Ts 1,
where the time of default is defined 1éss,zinf{t: A <PR+IA + Plf?} t1,.., T

To ensure a fair situation from the shareholdeesspective, the constant dividend r#tés
calibrated such that the value of the paymentshéshareholders (dividend® and final
paymentEr) is equal to their initial contributioio, which is calculated using risk-neutral
valuation, i.el!

E, = EQ(e_”m E +i e’ Dj
= (12)

T

e'pOEY I> }tj-

t

=EQ(e_”m min{ E,E+ B }O{ T> §+

If the buffer account is nonnegative at maturitg,,ithere is no previous defauliy = Eo.
However, if the buffer account becomes negativaatiurity but equity capital is sufficient to
cover these losses (and, thus, the insurer stilanes solvent), equity capital is reduced by the
amount of the loss, i.eE; =+ B_if B <0.

3.NUMERICAL ANALYSIS

In what follows, numerical results are presentegedaon the previously introduced model
with a focus on analyzing the insurer’s risk expesior fair dividend rates. After presenting
the input parameters, we next study the generahainpf surplus appropriation schemes for
the two products, i.e., the annuity and the endomtnmesurance, on the fair dividend and the
corresponding company’s shortfall probability. Sedpgently, we analyze to what extent deci-

11 Since we use mortality tables that include safe&gings in order to price the life insurance pratd and
thus deviations in mortality are priced in, Equat{@2) mainly refers to financial risk.
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sions with regard to management rules can redueeshbrtfall risk. Numerical results are
derived using Monte Carlo simulation based on 100 0atin hypercube samples (see Glass-
erman, 2010).

Input parameter

The underlying policies are annuities issuedcde 60 year old males and participating life
insurance contracts issuedxto= 35 year old males, both with a contract ternt ef30 years.
The initial annual annuity is set to one and theiagdal present values of the benefits for the
endowment insurance and the annuity (per insuned@a@ual in order to ensure comparability
between the different cases considered. Thus theara annual premium for one endow-
ment contract is given byPS=0.88 and the corresponding single premium is
pPS =PpR

single single

=18.83, which is equal to the single annuity premium (tlu¢he calibration of
the initial guaranteed death benefit). Accordinghig, the initial sum insured for the endow-
ment insurance i$; = 35.58. The actual dates of death are simulasatyuhe inverse trans-
form method based on the mortality tables of then@a actuarial association using the
“DAV 2008 T” and the “DAV 2004 R” tables of secomdder (“best estimates” without safe-
ty loadings) for a total number &f = 100,000 contracts sold. Assumptions about tlwduev
tion of the assets are based on the historicabpagnce (1988 until 2009) of two representa-
tive German total return indices as given in Bohaed Gatzert (2012Y. The estimation for
the stocks, which is based on monthly data forGleeman stock market index DAX, results
in an expected one-year retumg = 8.00% and a volatilityys = 21.95%. The estimation for
the bonds, which is based on monthly data for taen@n bond market index REXP, leads to
an expected one-year return of bomas= 6.02% and a volatility of bondss = 3.30%. The
estimated correlation coefficient of returns of the indices iso = -0.1648% To initiate the
CPPI-based feedback mechanism, the initial stockgpois set to 1%, which is then immedi-
ately adjusted depending on the size of the frdeeb(see Equation (11)). Furthermore, we
assume the surplus distribution ratio tode 70% and the target buffer ratio to ge 10%.
The initial equity capitaEo is set to 1% of the total initial capitd|. 14 The parameters are

12 For calibrating parameters, German market datesésl for illustration, but the analysis and thaegal re-
sults and interaction effects are also relevamth®r insurance markets with life insurance consraath
surplus distribution mechanisms (e.g. Denmark).

13 The correlation coefficient is significant at adéof 0.01.

4 This assumption is based on the equity capitdlaiance sheet ratio of approximately 1% as in cdtbe
German life insurer Allianz for the year 2010 (seww.allianz.de) and has also been subject to rolegst
checks.
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chosen for illustration purposes only and were sttbjo sensitivity analysés.Unless stated

otherwise, we assume further relevant parametdre those stated in Table 2.

Table 2 Parameters for the analysis

Expected one-period returns of stocks
Volatility one-period returns of stocks
Expected one-period returns of bonds
Volatility one-period returns of bonds
Correlation between stocks and bonds
Guaranteed interest rate

Rate of interest for the interest-bearing accunmuadccount
Risk-free rate

Number of contracts sold

Annual annuity payment in= 0

Sum insured for the endowmenttin 0

Single premium for the annuity

Alternative single premium for the endowment
Level premium for the endowment

Equity int = 0 (1% of total initial capital)
Contract term

Annuity policyholders’ age ih=0
Endowment policyholders’ age in= 0
Distribution ratio

Target buffer ratio

Reduction coefficient for costs of insolvency
Multiplier

3o~y x-mnTY

8.00%
21.95%
6.02%
3.30%
-0.1648
1.75%
0%

3%
100,000
1

35.58
18.83
18.83
0.88
19,020
30

60

35

70%
10%
20%

The impact of surplus appropriation schemes oreffectiveness of management decisions in

regard to shortfall risk

We first focus on the impact of the choice of teeprective surplus appropriation scheme on
the effectiveness of asset management strategregand to reducing shortfall risk for differ-
ent portfolio compositions on the liability sideegults are displayed in Figure 2 for a (maxi-
mum) stock portion of 25% (left column) and 10%giti column). All numerical examples
are based on fairly calibrated dividend rgf® ensure an adequate compensation for share-

holders (see Figure A.1 in the Appendix).

15 Note that when using a fixed stock portion, wenpare two cases with 10% and 25% for illustratiarpps-
es, which are realistic assumptions for stock podi(shares held directly or in funds) for insurgpgrating
in countries belonging to the OECD (see OECD, 20Germany, stock portions are currently consider
bly lower and around 3 to 4% (see GDV, 2013). Hosvezerman insurers also currently aim to increase
their average stock portions due to the low interate levels and insufficiently available othevestment

opportunities.
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The first row (Figure 2a) contains results for paids of temporary annuities and endow-
ment insurance contracts, both with the more ris&gus system, whereas the second row
shows the case where the annuities are equippédthéatdirect payment scheme and the en-
dowment contracts feature the interest-bearing raatation, i.e. the second row represents
the less risky scheme in each c#s@n thex-axis, a portiong = 1 represents a pool of con-
tracts with 100% annuities and fgr= 0, one obtains a portfolio entirely composedenf
dowment contracts. In addition to the results farying product portfolios, the shortfall risk
is displayed without and with including the CPPbsé&d asset mechanism. Its effectiveness for
reducing the firm’s shortfall risk (in percent)gezen on the right vertical axis.

Figure 2 illustrates that thtgpe of surplus appropriation schempkys an important role with
respect to the insurer’s risk situatitnespecially for higher stock portions and thus ghbr
asset risk. Figure 2a (left graph) shows that threus system leads to a considerably higher
shortfall risk as compared to Figure 2b with the@ament contracts’ interest-bearing accu-
mulation and the annuities’ direct payment schem#eé case without a feedback mechanism
and for higher portions of endowment contractshie portfolio due to their cliquet-style in-
terest rate guarantee effects. This is particulawigent for a maximum stock portion of 25%
(compare left graphs in Figures 2a and 2b), whegebbnus system increases the default risk
by more than 20% as compared to the interest-lgp@aeumulation scheme. This is due to
the higher expected returns associated with a higfioek portions that (on average) increase
the surplus amount and thus the guaranteed dedtsuaxival benefits, while in the case of
the interest-bearing accumulation, only the guaeshtsurvival benefit is increased. In the
case of an annuity portfoliog(=1) and lower stock portions (e.g., 10%, see thighd
graphs), the difference between the two surplusggpiation schemes is less distinct. This is
in line with the fact that return guarantees thatyvfor different surplus appropriation
schemes are generally more valuable when the imeggtprocess is more volatile. This ob-
servation is highly relevant in that it indicatést in the considered setting, surplus appro-
priation schemes of different types of productsmyaimpact shortfall risk heavily if the asset
investment is too risky. Given the current trendrurers of investing more in risky assets

16 We directly compare the situation with the monrel @he less risky surplus appropriation schemebfith
products, as we are interested in the impact osthlplus schemes on the interaction between batthugts.
The impact of each scheme for each type of prouhdividually is studied in Figure 3 in the followgranal-
ysis.

17" This is consistent with the findings in BohnendaGatzert (2012), where, however, focus was ridt da
annuities or their surplus appropriation schemesnahe interaction between these products.
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(stocks or credit risky securities) due to unattv&calternatives, the impact of the surplus
appropriation schemes should be carefully moniténethsurers.

Figure 2: Shortfall probability for various portfolio compiions consisting of endowment
contracts and temporary annuities for differentphig appropriation schemes without and

with asset feedback mechani€m

a) Bonus system for both contract types
stock portion a = 25% stock portion a = 10%
endowment: bonus system, annuity: bonus system endowment: bonus system, annuity: bonus system
< S =} °
° "8 = -8
6 TT—e——
T Te——, S gt (T —e—— .| ¥
™ T © S e o
S ] T
= L5 5 | £ 8- -$ 0§
3 5 5 8 v G- B v VY g
2 « Y > o v Y >
o > ° o °
= © o = o
[} I < °
£ ) R % | € 2 LS %
o v P o © ° 2
< - <
1] 1]
- P
Cle—m——o— 0=V . L3 8 4 L8
v ~ (S *®
- v
o X o N
S ] e = S
T T T T T T ' T T T T T T '
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
portion of annuities ¢ portion of annuities ¢
b) Endowment with interest-bearing accumulation anduities with direct payment
stock portion a = 25% stock portion a = 10%
endowment: int.-bear. accum., annuity: direct payment endowment: int.-bear. accum., annuity: direct payment
< S =} °
° "8 = -8
o—_
,§ 87 .\.\0:2:0\0 S
™ | «Q (S] ST @
IS
= e G G-- o Y emezooo o o = ——
3 s s | 8 8- e E— &8s
2 ] Q o v . Gommmmnes v- ]
[SEEPN > o >
2 o] 3| & 3
© N = T o =
£ Y8 | €3 F5 B
o P o © R
< <
1% 1]
-
o L o
® * ® L] ® L ’:f\l § | [ g
o X o N
= e = S
T T T T T T ' T T T T T T '
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
portion of annuities ¢ portion of annuities ¢

—— without feedback mechanism —®—

with feedback mechanism

—V- risk reduction (right axis)

Notes: In the case without the feedback mechantsenstock portion is kept constant at a = 25% (tgfiphs)
and a = 10% (right graphs) throughout the contréatm. When applying the feedback mechanism, thefigoke
stock portion denotes the maximum stock portign@ven in Equation (11).

18 Note the difference in scales when comparinggtia@hs in the left and right column.
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Furthermore, Figure 2 shows that an insurance coypahortfall risk considerably depends
on theproduct portfolio compositianin the case without asset management stratetijes,
company’s shortfall risk decreases when increagiegportion of annuities in the portfolio.
This stems from the development of the payoutshéopolicyholders over time of the two
product types. Here, we consider endowment inseranotracts and temporary annuities that
are both sold against single premiums with actuaghies being equal at contract inception.
In case of the bonus system, surplus is used tease the guaranteed sum insugeand the
annual annuity paymem;, respectively (see Equations (9) and (10) and upglet graphs in
Figures A.2 and A.3 in the Appendix). Thus, in caendowment contracts, surplus increas-
es the guaranteed sum insured, which is paid tutrein case of death or in case of survival
at contract maturity, where especially the probghbdf survival for the next 30 years is rela-
tively high for a 35-year old policyholder. In cosmst, the annual annuity is only paid out to
policyholders that are still alive. In case of deptior to contract maturity, the portion of the
surplus that was used to increase the guaranterdtyampaymentR: is partly passed on to the
collectivity of policyholders (which is not the @sor the endowment contracts) and thus
increases the collective buffer, which in turn reekithe shortfall risk. Thus, the increase in
the long-term guarantees induced by the bonusmystebedded in the considered annuities
(by means of increasing the guaranteed annual gnpayment) in general carries less risk
for the insurer than the bonus system embedded iendowment contract. This effect can
thereby vary depending on the considered age gobube policyholders and the premium
payment scheme, which is addressed further below.

When including &CPPI-based asset feedback mecharirsthis setting, this portfolio compo-
sition effect can still be observed, but is consatdéy dampened (see, e.g., upper left graph in
Figure 2, case with and without the asset feedlmae&hanism). In particular, shortfall risk
only slightly decreases for an increasing portibramnuities, but remains on a considerably
lower level as compared to the case without assetagement strategy for all portfolio com-
positions. In addition, the fair dividend rate deases (see Figure A.1 in the Appendix) as the
risk of default and thus non-payment is reducedwveéier, the effectiveness of risk reduction
strongly depends on the portfolio composition, tegpective surplus appropriation scheme
(compare left graphs in Figure 2a and 2b), as aglihe maximum stock portion allowed in
the asset portfolio.

In particular, it can be seen that the considereé@IiGnechanism is more effective for the pool
of endowment contractgp(= 0) as compared to the portfolio of annuitigs< 1), which is
especially pronounced for a higher maximum stoaki@o and the more risky bonus system
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(upper left graph in Figure 2). Furthermore, thiéedent types of (long-term) guarantees im-
posed by the surplus appropriation schemes impaceffectiveness of the feedback mecha-
nism in reducing risk, particularly for a higheosit portion (cf. left graphs in Figure 2). For
instance, in the case that endowment contractaandities are both equipped with the bonus
system, the CPPI mechanism reduces the shorgklbfiup to 75% in the case of a maximum
stock portion of 25% and a portfolio of endowmeahtracts, while this amounts to around
69% in the case of a portfolio of annuities (Fig@eg right axis in upper left graph). In cases
where both products feature the less risky diregiment and interest-bearing accumulation
scheme (Figure 2b, left graph), the asset straséitiyimplies a strong reduction in shortfall
risk of around 69%, which, however, remains fagtgble for different portfolio compositions
and is thus almost independent of the product type.

In addition, for a lower maximum stock portion d% (right graphs in Figure 2) the risk
reduction only amounts to around 4% and does mytmach for different portfolio composi-
tions. Thus, the feedback mechanism is much mdeetefe in reducing shortfall risk in case
of the bonus system and in case of a higher maxistogk portion and for a portfolio of en-
dowment contracts.

The impact of management decisions on the develdgphaccount values and stock portions
over time

In the following, we additionally study the devetoent of account values and the stock por-
tion over time to obtain further insight into thigeetiveness of management decisions regard-
ing the asset and liability side depending on thvplss appropriation scheme.

Figure 3 shows the average stock port@rover time when applying the asset feedback
mechanism for the case of a maximum stock portib@586 (left graphs) and 10% (right
graphs) that correspond to Figure 2 with a poxfoli endowment contracts onlg € 0) and
for annuities only ¢ = 1) (in the case without asset management siratieg maximum stock
portion is used for the whole contract term). Fegu4 and 5 additionally illustrate the average
development of the assets, the bonus account angblity reserves (and in case of the inter-
est bearing-accumulation scheme also the inteessify accumulation account) over time
for a portfolio of 100% endowment policies (seé tghphs in Figure 4) and for 100% annui-
ties (see left graphs in Figure 5). Furthermore,dbvelopment of the endowments’ sum in-
sured and annual annuity payments on average sp&aged in the right graphs in Figures 4
and 5, respectively.
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Figure 3. Average stock portion over time for endowmenttcacts (upper graphs) and tem-
porary annuities (lower graph) with different swgbhppropriation schemes

a) Endowment contract® € 0)

endowment contracts, a, ., = 25% endowment contracts, a, ., = 10%

0.25
I
0.25
I

0.20
I
o
o
0.20
I

)

0.15
I
®
0.15
I

0.10
I
—

average stock portion
~
average stock portion

0.10
I

0.05
I
L]
0.05
I
L ]

0.00
I
0.00
I

T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30

time t time t

b) Temporary annuitiesp(= 1)

temporary annuities, a, .x = 25% temporary annuities, a, ., = 10%

0.20 0.25
| |
®
®
"
=
"
®
.
w
N
® n
-«
0.20 0.25
| |

0.15
I
~

0.15
I

MR E R e R E RS RS SRR SRS SRR SRS
»

average stock portion

0.10
|
—
average stock portion
0.10
|

0.05
I
u
0.05
I
=

0.00
I
0.00
I

T T T T T T T T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30

time t time t

o interest-bearing

—@— bonus system .
accumulation

—®— direct payment

Notes:Average stock portign= € .d (B ), whereT denotes the time of default.

Focusing on Figure 3, the graphs show that theageestock portioa over time (see Equa-

tion (11)) can be higher (if not capped by a maximsatock portion set up-front) for products
with a less risky surplus appropriation scheme, aescheme that induces fewer (long-term)
guarantees. As we assume for illustration purptisasthe beginning of the contract coin-
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cides with the inception of the company, the boacsount starts with a value of zero (see
Equation (5) for the calculation of the buffer aent)1® Thus, at the inception of the compa-
ny that applies the dynamic CPPI-based feedbackhameem, we assume that the stock por-
tion starts with a value of 1% that is in line wHuguation (11) and the initial equity capital
given in Table 2° The buffer account especially plays an importanié for investing in
stocks under the feedback mechanism, since th& gimdtion cannot be increased without
(enough) funds in the buffer account (see Equdtldn). This may also imply a firm survival
effect in the results (at least partly contributiogthe increasing stock portion in certain cas-
es), as the reported results are averages fromutivéving firms, which may imply a kind of
evolutionary pressure in the sense of an increasiegage firm equity over time. While this
can be seen in Figure 4 in the case of endowmfamtsystance, where asseisincrease rela-
tive to the policy reserves (amd;) with time (thus indicating an increasing sharestafcks,
which increases proportionally to the ratio of assad policy reserves), Figure 5 displays the
opposite result, implying that this firm survivdfext does not provide an explanation in this
case. Surplus is not paid out until the ratio @f biuffer account divided by the policyholders’
accounts reaches the target buffer rgt{isee Equation (8)). Thus, the company’s stock por-
tion rapidly increases in the first contract yeatsle surplus is accumulated and the buffer
has to be built up over time (see Figures 3 toAKer the target buffer ratio is reached and
surplus is slowly starting to be paid out (see Egua(8) for the surplus distribution mecha-
nism), the development of the stock portion diffecsiderably depending on the surplus
appropriation mechanism, which can best be seémeitase of a maximum stock portion of
25%. Here, a higher stock portion is possible impkis appropriation schemes with fewer
(long-term) guarantees (given a fair situation fribra shareholders’ perspective).

In the case of the endowment contracts’ bonus sydtee stock portion does not increase to
the maximum stock portion of 25%, but is insteaplpeal to a stock portion of about 16% due
the high guarantees induced by the bonus systeaselfjuarantees transform the correspond-
ing surplus entirely into policy reserves, whichrtgpate in future surplus and which are
thus subject to the guaranteed interest rate (@ligtyle guarantee). The buffer therefore

19 In the case of a life insurance company with amgdusiness, a part of the buffer account of cereegation
is passed on to the subsequent generation, i@Qss-subsidization takes place from insured mesbér
early generations to insured members of later geioers (see Dgskeland and Nordahl, 2008). Hencplusu
can be paid out to policyholders from the beginrdhghe contract period, and in turn, policyholdars not
entitled to receive the entire remaining buffethe end of the contract term as a terminal bomstead, a
fraction thereof has to be passed on to the nex¢rgéion of policyholders.

20 According to Equation (11), funds that do notomgj to the policyholders’ accounts on the liakibtiside are
invested in stocks, i.e., equity and the additidndfers are invested in stocks.
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builds up more slowly (see also upper graphs iutéigl), thus limiting the possibilities in
stock investments according to Equation (11). Intast to this, the endowment contracts’
interest-bearing accumulation account does nothuevoliquet-style guarantees, which leads
to a faster increase of the buffer account oveetifrhus, the contracts’ corresponding stock
portion can be higher (within the range set up4yam the case of the interest-bearing accu-
mulation due to fewer long-term guarantees (comfiaebuffer account in the left graphs in
Figure 4). In case of a lower maximum stock portdri0%, the stock portion differs only
marginally.

In the case of annuities, the buffer account & fiuilt up and then reduced over time (see left
graphs in Figure 5). When considering the annuitiesius system, it can be seen that the
stock portion first increases to around 16% (seeftdeft graph in Figure 3), similar to the
case of endowment contracts. After this initiarease, the further increase is slower as com-
pared to the direct payment scheme, since the beysiem also induces cliquet-style guaran-
tees as in the case of the endowment contractsetAawin contrast to the latter, the average
stock portion still increases during the later cacit years, which is due the considerably
higher mortality probabilities towards the end bé tcontract term. As described above, in
case of a policyholders’ death, the correspondilicy reserves are passed on to the collec-
tivity of policyholders, which increases the bufeercount and thus the possibility for invest-
ment in stocks. The annuities’ direct payment sahelmes not increase the guarantees over
time and thus the stock portion can be increased time given fair contracts.

As in Figure 2, in Figures 4 and 5 we consider &mdent insurance contracts and temporary
annuities, respectively, that are sold againstisipgemiums with actuarial values being equal
at the inception of the contracts. The developnoérthe corresponding average account val-
ues illustrates the various guarantees impliecha surplus appropriation schentédVhen
comparing the two considered surplus schemes éetidlowment contract in Figure 4, it can
be seen that the policy reserves increase to arlaxgent for the more risky bonus system
(Figure 4a) as compared to the interest-bearingraatation (Figure 4b). The policy reserves
are subject to the guaranteed interest rate amuusuis paid on funds in this account, thus
implying a strong impact of the type of surplusesde on long-term guarantees (in contrast
to the interest-bearing accumulation scheme).

21 In case of the bonus system, surplus is subfecbmpound interest (cliquet-style guarantee) dm the
corresponding payments are exponentially shapedtowe.
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Figure 4: Average account values over time for #medowment contractfor a maximum

stock portion ofimax= 25% in the case with feedback mechanism
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Figure 5: Average account values over time for tmporary annuitie$or a stock portion of
amax= 25% in the case with feedback mechanism
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In Figure 5, the stronger guarantee implied byaheuities’ bonus system in comparison to
the direct payment scheme is also illustrated byatlerage development of the corresponding
accounts. Here, the policy reserves of the anmsuitigh bonus system as well as assets and
the buffer account first increase and then decréasefar smaller extent over time as com-
pared to the corresponding accounts of the diragtngnt scheme due to the cliquet-style
guarantees inherent in the bonus system. When aamgpthe average annual annuity pay-
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ments over time, one can see that surplus is pshitfted to later contract years in case of the
bonus system, while for the direct payment schesagglus is directly paid out to the policy-
holders, which can serve different policyholderséds (see right graphs in Figure 5).

Further findings revealed that the impact of manag& discretion focusing on the asset side
of the balance sheet is considerably greater thanmpact of management rules that solely
affect the liability side, e.g., by means of adjugtthe surplus participation rate during the
contract term depending on the insurer’s solverityagon. Moreover, the results reveal that
the management rules’ ability to reduce shortiak heavily depends on the chosen parame-
ter setting. Here, the multiplian plays an important role. It controls the sendiiwf the
management rules’ reactions on the asset side bmasdde company’s economic environ-
ment, i.e., it specifies the extent to which freeptus is invested in stocks. Analogously to a
regular CPPI controlled investment strategy, thétiplier indicates the risk attitude, i.e., the
lower the multiplier is, the more risk-averse ig thvestment strategy and vice versa. Thus,
increasing the multiplier implies an increase irsfall risk (and in the fair dividend pay-
ments). Additional analyses also revealed thaharease in the surplus participation rater

a reduction in the target buffer rajacan considerably increase the gap between theensk
els for different surplus appropriation schemes podfolio compositions. Further analyses
demonstrated a considerable impact of the typeehmum payment scheme (annual versus
single premiums) in case of the endowment contraitsen considering a portfolio of only
endowment contracts with the bonus systen= (0), for instance, it can be seen that annual
premiums lead to a considerably lower shortfak as compared to single premiums. This is
due to the fact that the contracts’ policy resemaresbuilt up more slowly than in the case of a
single up-front premium and thus less surplus isegated for each single contract, which
could be turned into long-term guarantees.

Implications regarding the customers’ perspective

As emphasized by the previous analyses, the mestharfor the distribution and appropria-
tion of surplus to the policyholders imply (long#® guarantees that can have a considerable
impact on the effectiveness of management decidmnseducing shortfall risk. In this re-
gard, one main question to be studied in futurekvemncerns the impact of these surplus ap-
propriation schemes and the implied guaranteeb®pérformance or value of contracts from
the customers’ perspective. Such an analysis doelldased on the approach as presented in
Guillén et al. (2013a), for instance, which allosveanking of products based on a set of crite-
ria. The authors study several Danish pension {§fele) products with surplus distribution
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and interest rate guarantees based on the contpgctermance and by using various risk
measures as well as the fair value of guarantessr Tesults show that all seven considered
pension products containing various guaranteesoatgerformed by trivial benchmark in-
vestment strategies that have the same estimateetéom risk but higher long-term mean /
median returns. In Guillén et al. (2013b), a simdaproach is used to study the impact of
minimum interest guarantees in Danish with-proéihgion policies on the return of the prod-
ucts, showing that the price of the guarantee spéi considerable loss in returns. Further-
more, Bohnert and Gatzert (2012) consider an endowicontract and examine the impact of
different surplus appropriation schemes on therectis net present value from the policy-
holder’s perspective without focusing on managendexisions, showing that the policyhold-
ers’ net present value considerable differs foiedént surplus appropriation schemes.

As emphasized by the results in Gatzert et al. {20&ho find that the average willingness-
to-pay for guarantees in unit-linked policies imgeally below the theoretical price and as
also pointed out by Guillén et al. (2013b), a higltansparency is needed in regard to risk-
return profiles of the products to allow policyheid to make adequate purchase decisions. In
particular, the consequences of embedding diffetygr@s of guarantees (interest rate guaran-
tees and/or guaranteed surplus distribution andogpiation schemes) in the contracts that
can considerably reduce expected returns shoulttamsparently communicated. Such an
analysis should take into account management @esisivhich impact the value of guaran-
tees and the shortfall risk. Based on this inforamtpolicyholders can then decide whether
they are willing to pay for a guarantee or a spea@rplus appropriation scheme or whether
they prefer a product with lower levels of guaraste-uture research should thus extend the
present analysis with surplus distribution and eppation schemes and consider more dy-
namic management decisions as well as their imgrathe performance of contracts from the
policyholders’ perspective. The consideration &f thcent developments in the literature as
laid out above could improve the practice of deahkvith these types of life insurance and
pension contracts when included in future work.

4. SUMMARY

In this paper, we study how surplus appropriaticmesnes of different products influence the
effectiveness of management’s strategic decisiegarding asset and liability composition.
This is of high relevance as surplus appropriasicmemes can considerably impact long-term
guarantees embedded in life insurance contracisendiéng on how surplus is turned into
guaranteed benefit payments and depending on pleedfyproduct (endowment versus annui-
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ties). Toward this end, we present a model sefiong life insurance company selling en-
dowment insurance contracts and annuities equippéd different surplus appropriation
schemes. A fair situation for the shareholdersx®ieed by calibrating the dividend rate using
risk-neutral valuation. Regarding the managemesg@sions, on the asset side a rule is em-
ployed that modifies the riskiness of the investipnes., funds are shifted from stocks to a
bond investment to reduce volatility and vice veiSach asset investment decisions have an
impact on the overall amount of generated surph thus also affect the policyholders’
share in the surplus. In addition, the companyamantrol the liabilities by means of the prod-
uct mix by varying the portion of endowment contsaand annuities, which imply different
exposures to risk and thus allow the exploitatibpassible diversification benefits.

Our results show that management’s strategic choregarding assets and liabilities by
means of investment strategy and product mix céstaatially lower an insurer’s shortfall
risk, but that surplus appropriation schemes casiderably impact the effectiveness of these
management strategies due to the different typgbof-term) guaranteed benefit payments
induced by the respective surplus scheme. Howéverextent of this effect strongly depends
on the type of product in which the surplus schésnembedded. For instance, given fairly
calibrated dividend payments, the considered CRB&d asset management strategy is more
effective in reducing shortfall risk for the endoem contracts as compared to the annuities,
which is especially pronounced for a higher maxinmsiotk portion and the more risky bonus
system (as compared to the interest-bearing acaiimunlscheme). In the case of annuities,
the asset strategy is more effective when appljfregbonus system scheme instead of the
direct payment scheme. Thus, the product mix aedytpe of surplus appropriation scheme
play a major role and represent important contamiables for insurers and regulators.

Our findings also show that management’s actionnonty have a considerable impact on an
insurer’s risk level, but also on the fair risk-gdate position of shareholders, an issue that is
particularly relevant for regulatory authorities. addition, especially the type of surplus ap-
propriation scheme considerably impacts the in&resk situation, even though the amount
of surplus is derived in the same way for all suspgchemes using a reserve-based smoothing
surplus distribution approach. We observe thatctihresequences of the surplus appropriation
schemes on the company risk strongly depend otygeeof product, since the bonus system
for instance implies a higher shortfall risk whenkeedded in an endowment contract as com-
pared to an annuity insurance product. Finally,a® find that in the considered setting, the
riskiness of the asset base has a considerable effigarding the extent of the impact of the
type of surplus appropriation schemes for diffetgpes of products. In particular, the effects
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can be minor as long as the asset process is aatstoy, while they are extensive when in-
creasing the riskiness of the assets. This isg@l helevance for insurers who currently think
about investing a higher share in risky assetskstor credit risky securities, for instance), in
which case the impact of the surplus appropriaticmemes and the different types of prod-
ucts should be carefully monitored.

In summary, surplus appropriation schemes not mmpact an insurer’s shortfall risk depend-
ing on the respective product (endowment versusiidas), but can especially be of rele-
vance for the effectiveness of asset managemertgioles due to the different ways in which
surplus is transformed into (long-term) guarantedsct that should in any case be taken into
account in practice when designing new life insaeaproducts and in management’s strate-
gic choices of product mix, surplus appropriatianesnes and asset investment strategy.
These aspects can also have a considerable inluem¢he customer’s perspective, which
along with the recent developments in the litemtiarregard to performance analyses should
be taken into account in future developments andnatudying life and pension products
with different types of guarantees and surplus swse
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APPENDIX

Figure A.1: Fair dividend for various portfolio compositionsnsisting of endowment con-
tracts and temporary annuities for different suspdypropriation schemes without and with
asset feedback mechanism
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Figure A.2: Average account values over time for the endowngentracts for a maximum

stock portion obmax= 25% in the case without feedback mechanism

a) Bonus system
endowment contracts with bonus system endowment contracts with bonus system
o
<
— o
S K
/.
8 - /.
12} — o °
c o - -
o — e
= °
= o .
E S+ E &
£ S 2 - Lo
) - 'S
2 o | c o
c © 8 e
2 o 9 | -t
c Q © L3
> o @ [ ®
o 3 ) *
Q o)) 'Y
& S o o*
—_ — *
(0] [ ecsec?® ¢
o | >
(0]
o |
g o <
9
o
o - T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time t time t”
b) Interest-bearing accumulation
endowment contracts with interest-bearing accumulation endowment contracts with interest-bearing accumulation
o
3 <
-
o
I
1%} — o
c s 4
i=] -
= o
E g1 E
E S g
= 2 § x
<
z 3 ol
c o ©
= ©
o 3 )
Q =]
& g o
S o
[ g ©000000000600000000000000000000
g9 @
9]
o |
g o <
9
o - — T T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time t” time t”
O A | B (| P Rt_s = 1A —o— S, —o— g 5¢ IAI;_)erinsured

Notes: Average account valye= (E account vallig, >T), where T, denotes the time of default and
account vaIugzD{ A B, Ptﬁ, A t}3; the interest-bearing accumulation account pewiresl that is alive at

the end of the contract term equaldAg* nsured — E( IA/( NS —ZiT:lqs) | T> tj .



35

Figure A.3: Average account values over time for the tempgoaanuities for a stock portion
of amax= 25% in the case without feedback mechanism
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