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ABSTRACT

Dynamic hybrid life insurance products are intentedheet new consumer needs
regarding stability in terms of guarantees as waslkufficient upside potential. In

contrast to traditional participating or classioait-linked life insurance products,

the guarantee offered to the policyholders is asteby a periodical rebalancing
process between three funds: the policy reservestfie premium reserve stock,
thus causing interaction effects with traditionalrticipating life insurance con-

tracts), a guarantee fund, and an equity fundhik paper, we consider an insurer
offering both, dynamic hybrid and traditional peipating life insurance contracts
and focus on the policyholders’ perspective. Trsulte show that higher guaran-
tees do not necessarily imply a higher willingnesgay, but that in case of dy-

namic hybrid contracts, a minimum guarantee lehieusl be offered in order to

ensure that the willingness-to-pay exceeds thermim premium the insurer has
to charge when selling the contract. In additidnprgy interaction effects can be
found between the two products, which particulamypact the willingness-to-pay

of the dynamic hybrids.

Keywords Life insurance, guaranteed interest rates, dyoamybrid, constant proportion
portfolio insurance, customer value, mean-varigegerences, risk-return profiles

1.INTRODUCTION

Innovations in the life and pension industry haeedme increasingly important, especially
against the background of demographic changes siad alternative or supplement to public
state-run pension schemes. However, the curremthinterest rates and volatile capital mar-
kets make providing long-term guarantees incred&gididficult for insurers. In addition, the

industry faces increasing regulation and cost piresand consumer preferences for stability,
upside potential and flexibility must be taken imaimcount when developing new contracts. In
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this context, dynamic hybrid life insurance produbfve recently been introduced in the
German market.Instead of explicitly (externally or internally)etging the guarantees em-
bedded in the contract or by means of capitalgtheantee is ensured implicitly by means of
a dynamic reallocation of the dynamic hybrid acdorailue between three funds: the policy
reserves (i.e. the premium reserve stock), a gteedond, and a (risky) equity fund, follow-
ing the idea of constant proportion portfolio irmuce (see Bohnert and Gatzert, 2014). In this
paper, our aim is to study these products in d&pth the policyholders’ perspective by tak-
ing into account the preferences and willingnespayp of consumers. We thereby also focus
on the interaction effects that arise due to tlee tlsat dynamic hybrid funds are periodically
shifted to and from the conventional policy reseneg., in times of adverse capital markets.

Dynamic hybrid products have first been modeledhim scientific literature by Kochanski
and Karnarski (2011), who derive solvency capiggjuirements for static and dynamic hy-
brids using a rules-based shifting mechanism, hthoart focusing on possible interaction
effects with other products. The latter has beemlistd in depth by Bohnert and Gatzert
(2014), who present a comprehensive model frameworlassess and demonstrate the
(strong) interaction effects between dynamic hylpridducts and traditional participating life
insurance policies at the company level, therelzyising on the insurer’s risk situation and
the policyholders’ net present value. A comprehensiverview of the German market of
dynamic hybrid products is further provided in Beitn(2013), who shows the variety of op-
tions embedded in the contracts and the implicatiohdifferent shifting mechanisms by
studying risk-return profiles provided by the intiys Thus, the scientific literature on dy-
namic hybrid products is still rather scarce.

In contrast, the consumer perspective on guaramed®dded in life insurance contracts in
general has received increasing attention in teealiure. Gatzert, Holzmuller, and Schmeiser
(2012), for instance, use a theoretical model asdralation study to compare the perspec-
tive of the insurer and the policyholder. They derihe willingness-to-pay for participating

life insurance contracts using mean-variance peefags for different assumptions regarding
the diversification opportunities of the policyhetdand identify contract specifications that—
while keeping the contract value fixed for the irst—maximize customer value. The authors
show that increasing the guaranteed interest @ddes not necessarily maximize customer
value. Broeders, Chen, and Koos (2011) use a siaplproach based on a power utility func-
tion for the policyholder and study two types ohaity providers (defined benefit pension

funds and life insurers) that differ according e extent of risk sharing between beneficiar-

L Currently about 20 life insurance companies imn@y (out of roughly 100) provide dynamic hybricg-
ucts (see Bohnert, 2013). Life insurers in Japarcansidering introducing dynamic hybrid productsiell.



ies and shareholders, demonstrating the needdafatton to provide a level playing field for

providers. Schmeiser and Wagner (2013) considecahsumers’ perspective when deriving
minimum solvency capital requirements, and therdlogtrate how minimum interest rates
should be defined by the regulator in order to mméze the policyholders’ utility level.

While these papers use theoretical models to stuelzonsumers’ perspective, Gatzert, Hu-
ber, and Schmeiser (2011), for instance, also atnalu empirical survey to study the will-
ingness-to-pay for interest rate guarantees inlunkied life insurance contracts. Their results
indicate that customers may not be willing to phg tisk-adequate price for the valuable
guarantees as, on average, the willingness-to-@eysignificantly lower than the minimum
prices derived based on option-pricing theory. & same time, however, a substantial por-
tion of participants were willing to pay a consiaelly higher price, thus indicating a higher
degree of risk-aversion. Further literature alseeads the importance of such things as cus-
tomer preferences (e.g., see Doskeland and Norg@@6), demographic characteristics such
as income, gender, and education (e.g., see Feldmduschultz, 2004), and insurer charac-
teristics and operations (e.g., see Marshall, Haadg Saunders, 2010) in the determination
of willingness-to-pay.

In this paper, we explicitly focus on the policytleis’ perspective, thereby studying the will-
ingness-to-pay based on risk preferences as wablaseturn profiles. We thereby extend the
model in Bohnert and Gatzert (2014) for a life ieswffering dynamic hybrids and partici-
pating life insurance contracts by focusing onatiéht dynamic hybrid guarantee level, vary-
ing guaranteed interest rates (to be creditedd@dtiicy reserves). We further extend the pre-
vious setting by integrating different shifting nh@oisms for the dynamic hybrid funds. This
analysis is intended to provide insight into thepaut of different types of long-term guaran-
tees as well as features and characteristics eethie insurance financial products from the
policyholders’ viewpoint.

The remainder of the paper is structured as folldsestion 2 presents the model framework
of the insurance company offering participating liisurance policies and the dynamic hy-
brid products including fair valuation and risk rmeeement as well as the derivation of the
willingness-to-pay from the policyholders’ perspeet Section 3 contains a numerical analy-
sis and Section 4 provides concluding remarks.



2.MODEL FRAMEWORK

Modeling the insurance company - overview

In the following, we consider a life insurer offegi two types of products: traditional partici-
pating life insurance policie$I) and dynamic hybrid product®P). The general model
framework for the insurance company is based onntlbelel presented by Bohnert and
Gatzert (2014), which is then extended by taking ¢bnsumers’ perspective, which is the
focus of the present analysis. Table 1 shows thelgied balance sheet of the insurer.

Table 1 Balance sheet of the life insurer at tit{eee Bohnert and Gatzert, 2014)

Assets Liabilities
A{ong—term PRPU

short-term DHP PR
A PR
GF* GF" AV,
EEA EEL

Bt

A A

Regarding the liability side, policyholders of batbntract types are assumed to pay a single
up-front premiunPPt' andPPHP, implying initial policy reservesRR) of the participating life
insurance contracts of

PF%PLI - PDLl
and an initial account valu@Y) of the dynamic hybrid products of
AvDHP — PDHP

A :

As exhibited in Table 1, the dynamic hybrid produeiccount valuéV is thereby composed
of up to three parts, including a part that is sted in the insurer’s collective policy reserves
PR,an equity fundEF), and a guarantee fun@F) as described in detail later. The portion of
the total policy reserves coming from the dynamybrid products is denoted &R°HP,
which, together with the part coming from the ttemhal participating life insurance contracts
PR™, sums up to the total policy reserveR = PR"' + PR"™.



The contract terni is assumed to coincide with the lifetime of thesidered insurance com-

pany. At inception of the contract, the buffey, residually given by the difference between
assets and liabilities, is filled by the initialntdbution of the company’s equityholders. The
contracts are then calibrated to be fair from thaitgholders’ perspective to ensure risk-
adequate compensation for their investnfent.

A summary of the various guarantees involved infthlewing model description is given in
Table 2.

Table 2 Overview of guarantees and guarantee notatiorvied in the model

Guarantee notation Description

Interest rate guarantee Guaranteed interesttatginimum interest rate applied to th

D

policy reserves on an annual basis; applies taigslinvested in
the policy reserves (especially participating lifsurance poli-
cies; also relevant for dynamic hybrids for thet rarested in
the policy reserves)

Maturity guarantee Maturity guarantee of dynamyibrid contracts, only promised
at maturity of the contract tern@P™" = x(P°"" (x = 1 corre-
sponds to a money-back guarantee)

Money-back guarantee Guarantees the payback sfrigke up-front premium paid intg
the contract at maturity

Guarantee funGF Equity fund, which ensures a maximum losg @iercent within
one periodit and thus guarantees that the fund drops at most to
(1_/]) [GR.x

Minimum dynamic hybrid ac- | Account value needed at timhéo ensure that the guarantee

count valueG_>' promised to the dynamic hybrid policyholddes™ can be met
at maturity; may vary depending on the concretelypcodesign

(especially the guarantee promised to the dynagbdidis, x)

The participating life insurance contract

Participating life insurance contracts feature anual guaranteed interest rafeand an an-
nual surplus participation rate The annual policy interest ratg is declared in advance at

2 In the present setting, interaction effects betwthe two contracts are one main reason why thatiin is
not automatically fair for the policyholders as kéh fact, the value of the policies can consitidyalepend
on the portfolio composition of the insurer, i.ee tportion of dynamic hybrid contracts in the palitf (see
Bohnert and Gatzert, 2014).



the beginning of each year (as is required in teker@n market, for instance) and given by
the smoothing scheme (see Grosen and Jgrgensd)), 200

. ( [EBt D
r, =max r-.a 20k
PR

whereyis the target buffer ratio, i.e., the ratio of th&fer account to policyholder liabilities
(PR = PR" + PR™). The buffer account thereby represents the freglis) which can be
used to absorb losses with respect to the guachpiestions on the liability side of the bal-
ance sheet, i.e. the policy reserves. To ensurestinplus is smoothed over time and to reduce
volatility of the policy interest rate, the proport between the buffer account and the policy
reserves must amount to at least the target brdter ) before surplus is distributed to the
policyholders. A second control parameter, the lssrgistribution ratioa is used to control
the fraction of the excess amount of the targetebuétio that is actually credited to the poli-
cyholders® The policy interest rate is then credited to thkcgaeserves at timg i.e.,

PR = PF{L' [@1+ ‘]P)

t+1)

The participating life insurance contracts remaiaested in the policy reserves (premium
reserve stock) during the whole contract term anchaturity T, the participating life insur-
ance contracts receive their policy reserPg"' given that the insurer remains solvent.

The dynamic hybrid life insurance contract

The policyholders with the dynamic hybrid produot @romised a fractior of their single
premium at maturityl, i.e., the maturity guarantee amounts@d™ = x[(P*™" (x = 1 corre-
sponds to a money-back guarantedpuring the contract term, as shown in Table &, diy-
namic hybrid products’ account valuA\) is dynamically reallocated between the policy
reserves®R), an equity fundEF), and a guarantee fun®Fk), whereby the latter is equiva-
lent to an equity fund with a hedge that ensuresmaimum loss ol percent within one peri-
od. Similar to a constant proportion portfolio irsace (CPPI) strategy, this dynamic reallo-
cation (described in detail below) is intended nswee the guarantee promised to the policy-

3 In Germany, for instance, regulators prescribeagimum period of time (e.g. three years), durindgohtthe

surplus can be kept in the buffer account befohadtto be credited to the insureds (see, e.gradich Pohl,
and Koch, 2006, p. 14).
4 In general, policyholders can choose a guardates up to 100% (see Bohnert, 2013).



holders at maturity without additional guarantestsar further comprehensive hedging ac-
tivities.

According to regulatory requirements in Germanyardmg the policy reserves, the part of
the dynamic hybrid funds invested in the policyergss at time must thereby be compound-
ed with the same policy interest rate creditecheogarticipating life insurance contracts (even
though the funds may only be invested short-terthénpolicy reserves)i.e.,

PR = PR™ {1+ ).

At  maturity T, the dynamic hybrid products receive their accoumtlue
(A" = PR+ GE + ER), consisting of the total of the three funds, gitbat the in-
surer does not default during the contract term.

To secure the maturity guarantee®f"™ = x[P°™"" promised to the dynamic hybrid policy-
holders, the account valu@V®" is dynamically distributed between the policy re-
servePR™", the guarantee fur@F" and equity fundEF" as shown by Kochanski and

Karnarski (2011) as followWs

G ~(L-A)AVT Gl
PRDHP = (l+rG)At _1+/1 ’ (1_A) m\/tDHP
0, otherwise
] GDHP
VDHP HP |f t+At
GFL _ Fg:) (1_A) \4DHP
o GoHP
ﬁ, otherwise

El:tL —_ A\/tDHP _ P?HP _ GEL-

5 Substitution effects may arise due to the poadgtidifferent investment horizons. In particuldrcan be
shown that for higher portions of dynamic hybridgucts in the portfolio, the guaranteed interet ia
more difficult to achieve, as it is derived basedam expected long-term investment (see also Bolamer
Gatzert, 2014). This also implies that the portfaomposition has an impact on the policyholderi#iing-
ness-to-pay, for instance, as with an increasingigroof dynamic hybrid products and thus an insheg
share in short-term investments, the volatilityted payoff and the default risk generally incre@epending
on the guarantees promised to the dynamic hybaduymts).

6  This mechanism invests the maximum proportiorithef account value in the equity fund (and guarantee
fund) along with ensuring that the guarantees tillbe met. While this is a common practice in tharket,
an alternative strategy would be to balance thdetf between the number of shifts (i.e., transactiosts),
and upside potential (high proportion in equitydajy which thus imply varied risk profiles.



The concrete shifting mechanism thereby dependsi®mssumptions regardir@? at the
end of each period, for instance, which denotesatitdunt value needed at tirn& ensure
that the guarantee can be met at maturity and wimak vary depending on the concrete
product design. In particular, in the following, wempare two types of shifting mechanisms,
leading to different risk-return profiles from tipelicyholders’ perspective. First, in case of

the “less risky” shifting mechanism, we assume thataccount value must be at least

thiif - GrDHP — [P [ tD{OA t... ,T} , @)

l.e., the guarantee must be ensured at all timgslying a higher portion of “riskless assets”
in the portfolio of the insurance company (i.e.ligoreserves and guarantee fund) and thus
generally a lower risk and return. Second, we @®rsa “more risky” shifting mechanism by
discounting the maturity guarantee to the currexté das is usually done in case of constant
proportion portfolio insurance (CPPI) strategy, 8é&ck and Jones (1987), Leland (1980)),
implying a higher portion “risky assets”, i.e.,

T-t-At)

G2 = 6P f+ re) T = P i ro) ! )

When G2 can be fulfilled by the guarantee fund only, tly@amic hybrid products’ funds
are distributed between the guarantee fund andyefyund.

Terminal bonus payments and total maturity payoff

In addition to the previously described payoffsligydmolders of both contracts receive a ter-
minal bonus from the remaining buffer account atter equityholders have received adequate
compensation for their initial contribution in cabe buffer is positive. The buffer is given by

B =A-PR"-PR"- GF- EF,
and the buffer payback to the equityholders isrdateed by
BR :max( min( B, ,B [{ &+ ) ()

whereb denotes the fair (risk-adequate) buffer interagt paid on their initial contribution
and represents the dividend for the entire lenfjtheinvestment, which is then calibrated to
be fair.



The policyholders receive the terminal borii = max( 0,B - BFT’), which in case of posi-
tive policy reserves (zero otherwise) is assumebetalistributed between the two types of
contracts as

T/At T/t

TE =TI PRY, / (z PRy, + Pa;s)j.
k=1 k=1
T/At T/t

TBP" =TR D P%&T)/(Z PR;Q + P%%j

k=1 k=1

This distribution scheme thus uses a discrete {ifstelater assumed to be 1/12) weighted
average over time, which takes into account thestment in the policy reserves over the
whole contract term. The intuition behind this terah bonus distribution scheme is that the
terminal accumulated surplus is generated by thkiestments in the policy reserves. These
funds are collectively invested in the capital netrky the insurer, while the dynamic hy-

brids’ guarantee fund and equity fund are investdividually and are directly credited to the

dynamic hybrid policyholders.

Hence, the total contract payo¥fs are given by

V= (PR TE){ T> §+ RE O T ) @
and
Vil Z(A\A_DHP_'_Tg)HP)D{ T> -EH_ REPH? EI.{ TI= }t, 4)

where Ts denotes the time of default wifR, :inf{t: AP 4 pshore temg PR}, t=1,..,T,
andRF refers to the remaining funds in case the insdeéaults during the contract term, i.e.
if B(Hm) <0 , which are distributed analogously to the termbanus according to the policy
reserves over the contract term (as is shown imBdland Gatzert, 2014).

The asset side

As described before, the policy reserves at tirfiR) are composed of funds stemming from
the participating life insurance contracBR™') and the dynamic hybrid product®R""").

This (synthetic) separation allows us to accounttie different asset investment maturities,
as funds from the dynamic hybrid products may h#eshto the policy reserves for a short
period only, and are then shifted back to the guaeafund or equity fund. The funds of par-
ticipating life insurance policies, in contraste ayenerally invested long-term. This is reflect-
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ed on the asset side in Table 1, where the compasgets are split into long-term invest-
ments A°"97*™ (e.g. long-term bonds) and short-term investméag. bills and short-term
bonds), A""*™, whereby the buffer account is also invested stesrh due to its smoothing
function.

All three asset investment types (long-term ass#igit-term assets, and equity fund) are as-
sumed to evolve according to a geometric Browniation

di; =4 0; [@t+o; 0 [@W, i=1,2,3

with constant drifis and volatility i, P-Brownian motionsdW| defined on the probability
space(Q,.#,P) with correlationsdW; (W, = g, , i.e. (see Bjork, 2009)

I :I(‘)Eaxp((,ui —%wfjmm mwf’j.

At the beginning of periodt, the company’s asset investments are thus given by
A{ong—term: PRPU, Ashort—term: PRDHP+ B, GEA = GFtL’ EEA = EEL, and at the end of perIOd
t, one obtains

1
long-term _ Along— termE, t+At

t+AL) |1 ’
t

2
Atshort—term — Ashor{- tem‘dum

t+AL) |2 !
t

EFA

(t+at) — =Tt |3

3
GF.,, =GE" Einax( 1-Ay thl*,ft ] :

(t+at)
t

where the guarantee fund is given by a fracyiah the equity fund’s return, since the period-
ic downside protection has to be financed. We theessume a put option on the equity fund
GFE* with strike price(l—A)EBEA (0< A <1) and maturityAt , which is purchased at the

beginning of each period as proposed by Bohnert@atzert (2014). In this case, Bohnert
and Gatzert (2014) show that the price of the paiba depends only on the given set of pa-
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rametersi, ry, oz andAt and is thus given by a constant fractioaf the guarantee fund, i.e.
P =(1- y)GR"*.7 The total assets are thus given by

long-term short term A A
A{tmt — Tleat) + +At) + El%HAt) + G'%tmt)

The equityholders’ perspective

To ensure a fair situation for the equityholdeng, buffer interest ratie is calibrated such that
the value of the payout to equityholders is eqadheir initial contribution, i.e.

B, = E°(BRE™), (5)

where EQ denotes the expected value under the risk-nepticihg measure& andr is the
constant risk-free interest rate. Under the risktred measurd, the drift of the investment
processes changes to the risk-free rate (see E009).

The policyholder’s perspective — willingness-to-pay

For fairly calibrated contract parameters from ¢a@ityholders’ viewpoint, we next focus on
the policyholders’ perspective and determine th&imam willingness-to-pay for the given
contract design. As the relevant preference fungtice use mean-variance preferences (Ber-
keti, 1999; Gatzert, Holzmdller, and Schmeiser,2Mlayers and Smith, 1983), which im-
plies that the order of preferences is given bydifference between expected payoff (wealth)
and the variance of the payoff in case insurangaiishased (the participating life insurance
policy (PLI) or the dynamic hybrid produddHP), respectively) or in the case without insur-
ance under the real-world meas&emultiplied by the policyholder’s individual riskversion
coefficienta times one half, i.e.,

(o =E(\/Tj) BTZ( ) j =PLI, DHP, no insurance

2

To derive the willingness-to-pay, the preferenaection for the case with and without insur-
ance must be compared, whereby the maximum wilegro-payWTR>! is the amount at
which the customer is indifferent between the tases, i.e. wher@"™"™""**= ¢ "' ° The
willingness-to-pay must then exceed the single juers PPY' andPP"P that the insurer must
charge for the contracts, respectively, as othertfis contract will not be taken out.

7 Alternatively, a constant-proportion portfolicsimance strategy can be used.
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In the following, to keep calculations simply, wacfis on the case of deterministic wealth,
where the policyholder can choose to invest patiigfor her wealth in the risk-free asset
and the respective insurance policy, and canndhdurdiversify. LetWo denote the initial
wealth of the customer. In case no insurance ishased, one obtains

no insurance [
® =W, [¥

and in case a participating life insurance or dyicanybrid contract is purchased (willing-
ness-to-pay for the contract denotedWwyE>'),

® = E((W-WTE)0&" + y/)—gw—z(( W- WEP )€ + Y, j =PLI, DHP.

Equating the two conditions implies that the maximwillingness-to-pay is given by

WTRI = " [é H y’)—%wz( \J)j,j =PLI, DHP, (6)

which does not depend on the policyholder’s iniiaalth, Wo (see Gatzert, Holzmidiller, and
Schmeiser, 2012, p. 652).

As an alternative to mean-variance preferencesaiogy equivalents could be derived to ob-
tain an impression of the utility level in case gremium volume is the same (see Schmeiser
and Wagner, 2013; Broeders, Chen, and Koos, 26{diyever, since we consider the impact
of different portfolios and thus vary the respeetpremium volumes, results would no longer
be comparable.
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3. NUMERICAL ANALYSIS

In the following tables, we provide several numariexamples to illustrate the impact of dif-
ferent portfolio compositions, contract designsg ahifting mechanisms on the policyhold-
ers’ willingness-to-pay. The input parameters aspldyed in Table 3 and are based on those
used by Bohnert and Gatzert (2014), which wereesiltp sensitivity analyses. Monte Carlo
simulation with 50,000 latin hypercube samples used to derive the results.

Table 3 Input parameters for the numerical analyses

Parameter Notation Value
Single premiums of participating life insurance ttaots pPH 100
Single premiums of dynamic hybrid products pPHP 100
Contract duration T 10
Guarantee of dynamic hybrid products X 1
Initial buffer® B, 6
Guaranteed interest rate (p.a.) ré 0.0175
Surplus distribution ratio a 0.30
Target buffer ratio y 0.10
Drift of long-term investments L4 0.045
Volatility of long-term investments o 0.04
Drift of short-term investments Lb 0.035
Volatility of short-term investments 1o} 0.03
Drift of equity fund J7s 0.08
Volatility of equity fund o3 0.20
Linear correlation of long-term and short-term istveents Pr2 0.2
Linear correlation of long-term investments andiggfuind P13 0.2
Linear correlation of short-term investments anditycgfund 023 0.2
Maximal loss of the guarantee fund per period A 0.20
Risk-free interest rate re 0.03
Length of a periotf At 1/12

8 Note that in this setting, the initial buffer icais 6/200 = 0.03, which is below the target buffatio of
g = 0.10, meaning that the insurer first needs titdhup the buffer account by means of surplus tethe
surplus can be distributed to the policyholdergcamts.

% Input parameters are chosen for illustration pegs and were subject to robustness tests to niaettet
the general findings are stable. For the set ofstment parameters, the Sharpe ratios of the thpes of
investments are not equal, but with respect toetlpesameters, we conducted a sensitivity analysigaby-
ing the volatilities of the different investmentseansure the stability of the results.

10 Funds are shifted once per month, which resenthiesypical approach in the market; only a fewuness
also shift daily (see Bohnert, 2013).
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The impact of different types and levels of guaraston policyholders’ willingness-to-pay

Figure 1 displays the impact of different guarariesgures on the policyholders’ willingness-
to-pay for dynamic hybrids as well as for tradiabparticipating life insurance contracts for
different degrees of risk aversion. In particulae study the impact of different levels of the
guaranteed interest raté as well as the design with respect to the shiftimechanisms (i.e.,
less risky with a higher safety level and a mos&yistrategy with a higher upside potential,
see Equations (1) and (2)). The dynamic hybridsaaseimed to feature a full money-back
guaranteélin the left column in Figure 1, the shifting meclsan of the dynamic hybrid
product is set according to Equation (1), i®>" (reflecting the minimum account value at
timet) is kept constant during the contract term, alwayggliring at least the maturity guaran-
tee G =GP and thus implying less risk with a higher safegyel. The right column
shows the case with a shifting strategy that isenmraaky and with a higher upside potential
based on Equation (2), i.6°" is given by the discounted value of the maturitamntee in
each period. With respect to the varying degreassifaversion, three cases are considered.
The case of a less risk averse policyholder is shimmhe first row of Figure 1 (witla =
0.001), while the third (second) row demonstrates ¢ase for a policyholder that is more
(medium) risk averse with = 0.01 & = 0.005). In all cases, the buffer interest ragu(-
tyholders’ dividend) is calibrated to ensure tha situation is fair from the equityholders’
viewpoint, i.e. Equation (5) is satisfied (see Fegi.1 in the Appendix)?

11 Figure A.2 in the Appendix shows the results mwhssuming a 50% money-back guarantee.

12 The fair buffer interest rate represents therrebn the equityholders’ investment over the entiontract
duration (i.e., 10 years in the example here), mithat the insurer does not default during the remtterm.
Since the default risk is generally increasingHimher guaranteed interest rates, for instancefainduffer
interest rate increases as well (see Figure A.1).



15

Figure 1. Willingness-to-pay for the participating life wn@nce PLI) and dynamic hybrid
(DHP) contracts for different degrees of risk aversaon 0.001, 0.005, 0.01 (less / medium /
more risk averse) as well as differing shifting im&gisms for a money-back guarantee of the
dynamic hybrids for varying guaranteed interestsdor fair contracts (see Figure A.1)
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One can observe that in the cases of a medium ar@tarisk averse policyholder considered
in Figure 1, the policyholders’ willingness-to-pfoy both life insurance products (sometimes
substantially) decreases whartreasing the guaranteed interest ratghich mainly stems
from an increase in shortfall risk (see Bohnert &@adzert, 2014, for this result) and a higher
volatility of the payoff (see Equation (6)). Howeythis increase in the payoff volatility and
the interaction effects of the participating lifssurance contracts with the dynamic hybrids
cause an increase of the willingness-to-pay fohdrigguaranteed interest rates among less
risk averse policyholders. When comparing the ragiitmn with the left column in Figure 1,

it can be seen that tlieesign of the dynamic hybrids’ shifting mechaniss a considerable
impact on dynamic hybrid policyholders’ willingnespay. In particular, a more risky shift-
ing system (right column in Figure 1) leads to ghler volatility of the dynamic hybrid prod-
ucts’ final payoff, which thus results in a loweillimgness-to-pay for the dynamic hybrids
(WTP"P) for more risk averse policyholders as comparetthéocase of the less risky shifting
mechanism in the left column of Figure 1. This specially pronounced in the last row and
also (to a considerable lesser extent) in the seomn of Figure 1. while th&VTPof dynamic
hybrids is affected in the opposite way by thetstgf mechanisms in the first row, where the
willingness-to-pay for dynamic hybrids is even i&sed for less risk averse policyholders (as
compared to the left graph in the first row wittess risky shifting mechanism).

The willingness-to-pay for participating life insunce contractsWTPY) within the same
portfolio of a life insurance company is also aféetby the different shifting mechanisms due
to interaction effects between the two types ofqoed. However, in contrast to the dynamic
hybrid products, this effect is considerably redlead the participating life insurance poli-
cyholders’WTP remains fairly stable in all cases. When usingaenrisky shifting mecha-
nism for the dynamic hybrids, thR§TP even slightly increases (at least for higher goied
interest rates, see first row in Figure 1), asriwee risky shifting reduces the guarantees for
the DHP products, thus benefiting the participating lifisurance policyholders.

In addition to a full money-back guarantee in Fegar we further study the case with a re-
duced guarantee level gf= 50% of the single up-front premium (see Figur2 ik the Ap-
pendix). The results show that lowering thaamic hybrid products’ guarantee leedm a
full (100%) to a 50% money-back guarantee eitheplies a considerable reduction in the
dynamic hybrid policyholders’ willingness-to-payrfmore risk averse policyholders, or a
considerable increase in téTPHP in case of policyholders with lower risk aversidinese
effects are especially pronounced in case of the flisky shifting mechanism (compare left
columns in Figures 1 and A.2). In the case of tleeenrisky shifting mechanism (right col-
umn, first and second row), results are ambiguaassarongly depend on the guaranteed in-
terest rate credited on the policy reserves. Itiquaar, reducing th®HP guarantee level to a
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50% money-back guarantee implies a loW&FP’H" for lower guaranteed interest rates, but a
higherWTP’HP for guaranteed interest rates above 1.7% (appiteiy).

To ensure that an insurance contract is actualtgh@sed by customers, the policyholders’
willingness-to-pay for the contract has to excdea required premium assumed when calcu-
lating the contracts’ payoffs, i.e., in our settiagsingle premium oPPt' = PPHP = 100 for
both products. While th&VTP"' exceeds the required premium in all considere@scas
Figure 1, the situation for dynamic hybrids depehdavily on the specific contract design
and especially the guarantee features. In partictégaults depend on the guaranteed interest
rate, the shifting mechanism and the policyholdesX aversion. For a more risk averse poli-
cyholder as given in the last row in Figure 1, podicyholders’ willingness-to-pay is below
the required premium of 100 in case of the riskiftisiy mechanism (right graph). This stems
from the fact that only a minor amount of the dymainybrids’ account value is invested in
the policy reserve stock leading to a more voldtial payoff, for which the willingness-to-
pay is low for a more risk averse policyholder.clmse of the more conservative shifting
mechanism (left graph in the last row), the dynahyibrid policyholders’ willingness-to-pay

is above 100 for guaranteed interest rates befow 1.5% and lower than 100 if the guaran-
tee interest rate exceeds this value in the presemhple. The higher the guaranteed interest
rate, the higher the shortfall risk and the higier payoff volatility, which is valued as nega-
tive by a risk averse policyholder. This situatidmanges considerably for a less risk averse
policyholder (see first row in Figure 1). In thiase, the willingness-to-pay for dynamic hy-
brids is strictly above the required premium of EHd@ exceeds the willingness-to-pay for the
participating life insurance contracts, since tpside potential and higher volatility is valued
positively. In contrast, the policyholders’ willingss-to-pay for participating life insurance
contracts can be either higher or lower than tHenghess-to-pay for dynamic hybrids in the
case of a medium risk averse policyholder and #ss kisky shifting mechanism (see left
graph in the second in Figure 1).

The impact of portfolio composition on the policiglens’ willingness-to-pay

We now study the impact of thgortfolio compositionon the policyholders’ willingness-to-
pay for dynamic hybrid products and participatiifg Insurance contracts within a portfolio
of a life insurance company as exhibited in Figir&Ve thereby fix the total premium vol-
ume to 200. The premium of the dynamic hybridhentgiven on th&-axis, while the single

premium for the participating life insurance contsais residually given bpPt' = 200-PPHP,

Figure 2 shows the willingness-to-pay for partitipg life insurance contracts and dynamic
hybrid products for different portfolio composit®fior a more risk averse policyholder (left



18

graph in Figure 2) and a less risk averse onet(ggdph). In line with the results in Figure 1,
the policyholders’ willingness-to-pay for partictpay life insurance contracts is higher than
the corresponding required premium (black dottad)lin all considered cases. The willing-
ness-to-pay for dynamic hybrid contracts, in castirdepends greatly on the portfolio compo-
sition and the risk aversion parameter. For a miskeaverse policyholder (left graph in Fig-
ure 2), the willingness-to-pay for dynamic hybrady exceeds the required single premium
for a portfolio with less than about 50% dynamidhg products in the insurer’s portfolio
(i.e. PPY' = PPHP = 100). Here, the contracts’ stability and reldtvew volatility of the pay-
offs to a large part stems from the participatifgihsurance contracts in the portfolio, which
allows the corresponding asset base to be invéstgeterm with stable returns for the policy
reserve stock. The upside potential of the dynamyiarids’ fund investments are added to
this. In turn, for a portfolio composition with methan about 50% dynamic hybrids in the
portfolio, the corresponding investments of theiqgoteserve stock cannot be invested long-
term, since funds may be shifted to the guaranted ér equity fund in a subsequent period.
Thus, the policy reserve stock generates lessestablrns with fewer surplus (due to higher
default risk), which results in a reduced willingseo-pay for dynamic hybrids in this setting.

Figure 2. Willingness-to-pay for the participating life im@ance and dynamic hybrid contracts
and the contracts’ single premiums when varyingoihfolio composition PP = 200-PPHP)

for fair contracts (see Figure A.3) (with 100% mgiiack guarantee of the dynamic hybrids
as well as the less risky shifting mechanism)
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The right graph in Figure 2 further reveals thatddess risk averse policyholder, the willing-
ness-to-pay for dynamic hybrids is relatively higtae higher the portion of dynamic hybrid
products is within the portfolio. Here, the polioytlers prefer the upside potential of a more
volatile payoff, which results from a higher portiof dynamic hybrids in the portfolio (see
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Figure 3), instead of the more stable payoff tleaults from a higher portion of participating
life insurance policies in the portfolio.

To obtain further insight, Figure 3 additionallyustrates the corresponding quartiles of the
payoff distributions of the participating life ingnce contracts (left graph) and the dynamic
hybrid products (right graph) for the various politi compositions exhibited in Figure 2,
where a money-back guarantee for the dynamic hyhbaigl well as the less risky shifting
mechanism is applied. In particular, the upper laueer quartiles are shown along with the
median indicated as a black dot. When considetiegPt| payoff quartiles, it can be seen
that the median and thHeLl payoffs’ interquartile range is increasing withiaareasing por-
tion of participating life insurance contracts hetportfolio, but at a relatively low level as
compared to th®HP payoff quartiles. In case of the dynamic hybridducts, the results
show a strong increase of the interquartile range,an increase in the payoff volatility for a
higher portion of dynamic hybrids in the portfolio.addition to this, th®HP payoffs exhib-

it a positive skew, which illustrates the much Riglipside potential of dynamic hybrids as
compared to participating life insurance contraafisich is preferred by less risk averse poli-
cyholders (see Figure 2).

Figure 3: Lower quartile, median, and upper quartile (2&th, 50th, and 75th percentile) of
the payoff distributions foPLIs and DHPs when varying the portfolio compositioPT' =
200-PP"P) for a money-back guarantee of the dynamic hytailsvell as the less risky shift-
ing mechanism (corresponding to Figure 2)
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The impact of different types and levels of guarasion the contracts’ payoff distribution

To further study the dynamic hybrigblicyholders’ perspective, we next analyze the-con
tracts’ payoff distributions, i.e., their risk-retuprofiles. Toward this end, we derive the real-
world distributions of thé’LI andDHP payoffs, i.e.V,;"' andV,""" (see Equations (3) and
(4)), for varying levels of guaranteed interesesaandDHP guarantees.

Figure 4: Payoff distributions foPLIs andDHPs (risk-return profiles) for different guaran-
teed interest rates and differddDHP guarantee levels (less risBHP shifting mechanism;
corresponding to the left columns in Figures 1 Ari?)
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Figure 4 displays risk-return profiles for the lessky shifting mechanism of the dynamic
hybrids corresponding to the left columns of Figuteand A.2, which are the basis for deriv-
ing the willingness-to-pay. In particular, the fisnd second row show the case of a full
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(100%) and 50% money-back guarantee for Dt€Ps respectively. In the left column of
Figure 4, the payoff distributions for the partaifimg life insurance contracts are exhibited,
whereas the case of the dynamic hybrids is showimeimight column.

When comparing the left column to the right colume,, the case dPLIs to DHPs the re-
sults show that the participating life insurancetcacts’ payoffs are relatively stable with a
low volatility, whereas the dynamic hybrids’ payo#xhibit a considerably higher volatility,
in line with the previous findings (see also Fig&ije While the participating life insurance
payoffs’ upside potential (payoffs above 175) ramaalmost unchanged when reducing the
guarantee level of the dynamic hybrids from afatiney-back guarantee (first row) to a 50%
money-back guarantee (second row), the dynamicids/lpayoff volatility considerably in-
creases. In particular, the upside potential a$ agethe downside potential of the payoffs of
the dynamic hybrid products is considerably higfera partial money-back guarantee as
compared to a full money-back guarantee (compgte graphs in Figure 4). This is based on
the fact that in case of a 50% money-back guarattieedynamic hybrid shifting mechanism
invests a higher proportion of the contracts’ actalue in the equity fund (and the guaran-
tee fund). This results in higher payoff volatésgi compared to a full money-back guarantee,
where the available funds are, to a larger extengsted in the stable and less volatile policy
reserve stock. These findings are in line with ey results showing that the willingness-to-
pay for dynamic hybrids with a full money-back guatee is higher than for a partial money-
back guarantee for more risk averse policyholdiees,for a relatively less volatile payoff
compared to a more volatility payoff (see Figureendl 5). Furthermore, this result shows the
great flexibility of dynamic hybrids, which can laeljusted to various customers’ needs to
achieve different payoff distributions without clgamg the contracts’ basic setting.

Figure 5 additionally shows the corresponding dleart(upper and lower quartile, median)
for the payoff distributions of thBLIs andDHPs presented in Figure 4. The left column in
Figure 5 illustrates the relatively stable payaifsthe participating life insurance contracts,
while the right column again shows the right-skevaed volatile dynamic hybrid products’
payoffs. The quartiles illustrate the sensitivifytloe dynamic hybrids’ payoff with respect to
their guarantee features. The results also shotathéncrease in the guaranteed interest rate
implies a decrease in the median payoff and rediéti the upside potential of the participat-
ing life insurance contracts’ payoffs. In contristhis, the dynamic hybrids’ payoff (and thus
the willingness-to-pay) is almost not affected bghange in the guaranteed interest rates for
the less risky shifting mechanism (see also Idfirom in Figure 1). Results for the more risky
shifting mechanism are in line with previous fingsnand are thus omitted here.
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Figure 5: Lower quartile, median, and upper quartile 28&th, 50th, and 75th percentile) of
the payoff distributions foPLIs andDHPsfor different guaranteed interest rates and diffier
DHP guarantee levels (less risHP shifting mechanism; corresponding to the left ouhg

in Figures 1 and A.2)
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Further findings reveal that the willingness-to-day the participating life insurance con-

tracts and dynamic hybrids can be more extremepas#ive or negative way depending on
the degree of risk aversion and depending on amsksure that takes downside risk and
skewness into accoutt.

13 We further studied the first-order lower partmbment [PM;) with reference pointz = E(Vrj), also re-
ferred to as lower semi-absolute deviation meaguSAD (see Gustafsson and Salo, 2005) to measure
downside risk in a general mean-risk preferenceah(mke Fishburn, 1977) and found the results toobe
bust.
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4.CONCLUDING REMARKS

This paper assesses the interaction effects whsemars offer dynamic hybrid policies in ad-
dition to participating life insurance contractsdaexplicitly focuses on the policyholders’
perspective for the first time. We consider a 3dfidynamic hybrid account whose value is
periodically reallocated between the conventionahpum reserve stock (corresponding to
the policy reserves), a guarantee fund (which les@sost a certain percentage of its value in
each period), and a risky equity fund, followingnathematical shifting mechanism that is
based on the concept of constant proportion pastiosurance (CPPI). To assess the policy-
holders’ perspective, mean-variance preferencee weed to derive the willingness-to-pay
(WTP for different degrees of risk aversion of theipgholders.

Our results show that higher guarantees (e.g.DHHE guarantee level, riskiness of shifting
mechanisms, guaranteed interest rates) do not sedgsimply an increase in consumers’
willingness-to-pay. In contrast, in the examplessidered here, which are based on fair con-
tracts from the equityholders’ perspective, thelimghess-to-pay for both types of policy-
holders clearly decreases for higher guaranteestesit rates. These findings are consistent
with findings in several other studies that evaduttie willingness-to-pay for guarantees.
Higher guarantees within insurance products gelyetal not necessarily imply an increase in
consumers’ willingness-to-pay (e.g., Gatzert, Haller, and Schmeiser (2012). Further-
more, consumers are also willing to pay a substlythigher price for guarantees when the
option is provided in a simple “all else equal’ text (e.g., see Gatzert, Huber, and
Schmeiser, 2011), primarily because they are ngtse, while on average, the willingness-
to-pay is significantly below the insurer’s riskeaplate premium. Further relevant impact
factors regarding the determination of willingnéssay include customer preferences (e.g.,
see Doskeland and Nordahl, 2006), demographic cteaistics such as income, gender, and
education (e.g., see Feldman and Schultz, 2004),iresurer characteristics and operations
(e.g., see Marshall, Hardy, and Saunders, 2010).

The demand for guarantees has important implicatmnthe supply side, encouraging insur-
ers to constantly look for opportunities to inn@vat their product offerings. We show here,
for example, that in the case of the dynamic hylprioducts, a certain minimum guarantee
level must be offered by the insurer in order tewga that the contract is purchased in the first
place, i.e., that the willingness-to-pay of the awyic hybrid policyholders exceeds the re-
quired minimum premium that the insurer must chandeen selling the contract. For in-
stance, while the willingness-to-pay was sufficitarta full money-back guarantee and guar-
anteed interest rates up to around 1.5% in caadess risky shifting mechanism, the willing-
ness-to-pay considerably decreased when reduceglythamic hybrid guarantee level to a
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50% money-back guarantee or when using the mdke sisifting algorithm to reallocate the
dynamic hybrid funds. Thus, the willingness-to-fyfar did not exceed the necessary pre-
mium in order to close the contract. The same hwoldswhen keeping the guarantee level at
a full money-back guarantee but using a more r&kifting mechanism for distributing the
dynamic hybrid account value between the three duhd the latter cases, contracts could
only be sold when consumers exhibited a rather igig& aversion. Thus, the attractiveness
of these products strongly depends on the consumpeterences and varies considerably
depending on the contract design, including thell®f guarantee, the shifting mechanism
and the degree of risk aversion. At the same tthig,result also emphasizes the great flexi-
bility of these products, which can be easily atdjdsn order to meet different consumers’
needs for stability or upside potential. Given agoners’ sensitivity to particular contract fea-
tures, it is important that insurers are transparethe marketing of their products.

Our analysis also emphasizes the need for instogegularly (re)evaluate their mix of prod-
ucts with different types of guarantees, recoggizhvat the attractiveness of any one of prod-
uct may be affected by the insurer’s product migréHwe found that the willingness-to-pay
for a participating life insurance policy remainalinost unchanged when varying the risk
aversion parameter, which emphasizes the low Vityadind stable payoff of these traditional
products. The interaction effects that may aristnéportfolio, which differ depending on the
dynamic hybrid contract features, may impact thingness-to-pay or preference level of
the participating life insurances, although we ao find this effect to be substantial for the
cases considered. The potential for interactioactsfraises concerns that customers may in-
advertently choose a life insurance policy thabsgguently, is not suitable for their situation,
or purchase inadequate amounts of coverage. Tisergreesults certainly depend on the as-
sumed mean-variance preferences used to derivillirgness-to-pay, but they are general-
ly consistent with previous theoretical and empiriwork with respect to the willingness-to-
pay of consumers for guarantees.
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APPENDIX

Figure A.1: Fair buffer interest rate (equityholders’ dividgrior the participating life insur-
ance PLI) and dynamic hybrid@¥HP) contracts for different shifting mechanisms adl ae
different guarantee levels of the dynamic hybriddurcts for varying guaranteed interest rates

less risky shifting, money-back guarantee DH P more risky shifting, money-back guarantee DHP
o | o
~N ~N
o >
n n
o / o /
2 af 2 o
© / © /
D D
o o o o
2 o / L o /
g < ° £ < °
& o/ 3 <>/
B <>/ B o/
= o= = o
& 24 & 24
o o
S 7] S 7]
T T T T T T T T T T T T T T
0.0100 0.0125 0.0150 0.0175 0.0200 0.0225 0.0250 0.0100 0.0125 0.0150 0.0175 0.0200 0.0225 0.0250
. G ! G
guaranteed interest rate r guaranteed interest rate r
less risky shifting, lower guarantee DHP, x=0.5 more risky shifting, lower guarantee DHP, x=0.5
o | o
~N ~N
o o
10 / 10 /
Qo 5o a v
2 ¢ 2 ot
s / < /
@ 23 ? 23
o o
2 o | <>/ 2 o | <>/
= — = —
g <>/ g o/
= <>/ £ <>/
a o— a o—
= =
& 24 & 24
o o
S 7] S 7]
T T T T T T T T T T T T T T
0.0100 0.0125 0.0150 0.0175 0.0200 0.0225 0.0250 0.0100 0.0125 0.0150 0.0175 0.0200 0.0225 0.0250
. G ! G
guaranteed interest rate r guaranteed interest rate r




28

Figure A.2: Willingness-to-pay for the participating life inance PLI) and dynamic hybrid
(DHP) contracts for different degrees of risk aversaon 0.001, 0.005, 0.01 (less / medium /
more risk averse) as well as differing shifting immasms for a lower guarantee of the dy-
namic hybridsX = 0.5) for varying guaranteed interest rates &ar dontracts (see Figure A.1)
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Figure A.3: Fair buffer interest rate (equityholders’ dividigrior the participating life insur-
ance PLI) and dynamic hybrid@¥HP) contracts for different shifting mechanisms adl ae
different guarantee levels of the dynamic hybridducts for varying the portfolio composi-
tion (P°Y' = 200-PPHP) (see Figure 2)
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