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viii Abstract

Abstract

The European insurance industry has experienced significant changes
over recent years — natural disasters, the recent financial crisis, and new
regulatory and accounting frameworks. These changes make insurance
an interesting and timely field of research. This thesis comprises four
research papers which seek to find economics-based answers to several
open questions regarding performance measurement, risk valuation, and
regulation in the insurance industry.

First, participating life insurance contracts, which are very common
in the European life insurance market, are examined. In addition to
providing term life insurance and a minimum interest rate guarantee,
these policies include bonus participation rules regarding the insurer’s
profit. Researchers model these bonus policies in very different ways.
We present the most common participating life insurance bonus distri-
bution mechanisms — which closely mirror the Danish, German, UK, and
Italian regulatory frameworks — and perform a comparative analysis of
these different models with regard to risk valuation (see Part I). We gain
valuable insights into the risk associated with different bonus distribu-
tion policies. Then, as very little research has been conducted into the
performance of participating life insurance contracts, we conduct a per-
formance analysis based on contracts offered in the German market, in
order to provide evidence to support decision making by policyholders
(see Part II).

Second, we move from this specific insurance product to examine
insurance regulation. We conduct an in-depth analysis of current regu-
latory developments in the European insurance industry. We focus on
IFRS 4 Phase II, Solvency II, Market Consistent Embedded Value, and
insurance guaranty schemes. We present these four frameworks, analyze
them from different stakeholder perspectives, and compare and contrast
them (see Part III). Our results suggest that the four frameworks need to
be considered jointly rather than separately, due to various interrelations
and interactions. Next, we turn to one particular current regulatory issue
— insurance guaranty schemes. In the context of current insurance guar-
anty and deposit insurance schemes, we propose a capital market-based
financial guaranty system for the financial service industry. Closed-form
solutions for the input parameters are derived and the major advantages
and disadvantages are analyzed (see Part IV). This analysis provides
new insights into the possibility of the practical implementation of such
a guaranty system.
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Zusammenfassung

Die Européische Versicherungsindustrie hat in den vergangenen Jahren
zahlreiche Veranderungen erlebt. Zu nennen sind zum Beispiel Natur-
katastrophen, die letzte Finanzmarktkrise und neue regulatorische Vor-
schriften. Diese Dynamik macht das Themengebiet Versicherung zu
einem interessanten und wichtigen Forschungsfeld. Die vorliegende Dis-
sertation enthéalt vier Forschungsarbeiten, die darauf abzielen, Skono-
mische Antworten auf verschiedenen offene Fragen im Bereich der Per-
formancemessung, der Risikobewertung und der Regulierung in der Ver-
sicherungsindustrie zu geben.

Die ersten zwei Teile befassen sich mit der gemischten Kapitalle-
bensversicherung. Die gemischte Kapitallebensversicherung ist ein Ver-
sicherungsprodukt, welches im Européischen Lebensversicherungsmarkt
weitverbreitet ist und sich aus einer Risikolebensversicherung, einer ga-
rantierten Mindestverzinsung sowie einem Uberschussbeteiligungs-
mechanismus zusammensetzt. Wir stellen die géngigsten Uberschuss-
beteiligungsmechanismen dar — welche die dénische, die deutsche, die
britische und die italienische regulatorische Praxis widerspiegeln — und
fithren eine vergleichende Analyse zur Risikobewertung durch (Teil I).
Wir gewinnen dabei Einblicke in die Risiken, welche die verschiedenen
Uberschussbeteiligungsmechanismen mit sich bringen. Da sich die For-
schung bisher kaum mit der Performance von Kapitallebensver-
sicherungsvertragen auseinandergesetzt hat, fithren wir in Teil IT eine
Performanceanalyse durch, um Versicherungsnehmern eine Entscheidung-
shilfe zur Verfligung zu stellen. Wir betrachten dabei einen Vertragsty-
pus, der in Deutschland iiblich ist.

Im dritten und vierten Teil verlassen wir den Bereich der Lebensver-
sicherung und konzentrieren uns auf Versicherungsregulierung. Wir fiih-
ren eine detaillierte Analyse aktueller regulatorischer Entwicklungen in
der Europaischen Versicherungsindustrie durch. Dabei fokussieren wir
uns auf IFRS 4 Phase II, Solvency II, Market Consistent Embedded
Value und Versicherungsgarantiefonds. Wir erkliaren die vier Konzepte,
analysieren sie aus der Perspektive verschiedener Anspruchsgruppen und
stellen sie einander gegeniiber (Teil IIT). Unsere Ergebnisse implizieren,
dass die vier Konzepte wegen zahlreicher Wechselbeziehungen gemein-
sam betrachtet werden miissen. Im néchsten Schritt konzentrieren wir
uns auf eines dieser regulatorischen Konzepte — Versicherungsgarantie-
fonds. Vor dem Hintergrund heutiger Insolvenzgarantiefonds fiir Ver-
sicherungsunternehmen und der gegenwartigen Einlagensicherung bei
Banken schlagen wir ein kapitalmarktorientiertes Garantiesystem fiir
die Finanzindustrie vor. Wir leiten geschlossene Losungen fiir eine Ba-
siskalibrierung her und betrachten wesentliche Vor- und Nachteile
(Teil IV). Diese Analyse liefert neue Einblicke hinsichtlich der praktis-
chen Implementierbarkeit eines solchen kapitalmarktbasierten Garantie-
systems.
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Introduction

Motivation and Objective

Over recent years, the insurance industry has faced various challenges.
Natural disasters have increased the frequency and size of claims. The
recent financial crisis revealed major gaps in current insurance regulatory
systems. Finally, new regulatory frameworks — such as Solvency II in
the European Union and the Swiss Solvency Test (SST) in Switzerland,
as well as changes in the International Financial Reporting Standards
(IFRS) — require new levels of compliance. All these changes in the
market make insurance an interesting and timely field of research.

At the same time, the valuation and risk management of insurance
contracts become an increasingly important area of academic research.
In particular, participating life insurance contracts, which embed various,
primarily path-dependent, options, have drawn attention due to their
complexity.

This leads to the the two main research areas of this thesis. Firstly, we
focus on participating life insurance contracts and analyze them in two
different regards. On the one hand, we perform a comparative analysis
of different bonus distribution policies with regard to risk (Part I). On
the other hand, we focus on participating contracts sold in Germany
and conduct an extensive performance analysis (Part II). Secondly, we
turn to insurance regulation. We conduct an in-depth analysis of current
regulatory developments in the European insurance industry (Part III).
In addition, we propose a capital market-based financial guaranty system
and analyze its major advantages and disadvantages (Part IV).

Areas of Research and Major Contributions

This thesis contains four research papers which seek to find economics-
based answers to several open questions regarding performance measure-
ment, risk valuation, and regulation in the insurance sector.

Part I examines different bonus distribution mechanisms found in
participating life insurance contracts. These insurance contracts usu-
ally comprise term life insurance, a minimum interest rate guarantee,
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and bonus participation rules regarding the insurer’s profit. The embed-
ded bonus distribution mechanisms are replicated quite differently in
research. Part I categorizes and presents in formal terms the most com-
mon bonus participation rules, which closely mirror the Danish, German,
UK, and Italian regulatory frameworks. Subsequently, a comparative
analysis of the different bonus models is performed with regard to risk
valuation. To do this, we calibrate contract parameters such that the
contracts compared have a net present value of zero and the same safety
level as the initial position using risk-neutral valuation. Subsequently, we
analyze the effect of changes in asset volatility and in the initial reserve
amount (per contract) on the value of the default put option (DPO),
while holding all other parameters constant.

We contribute to the literature by introducing a new method for cali-
brating participating life insurance contracts in order to compare model
risks of different bonus distribution models. Only Gatzert and Kling
(2007) provide a framework that allows a comparison of participating
contracts which embed a cliquet-style option. They analyze shortfall
probability measures with regard to three bonus models. However, al-
though they identify key risk drivers, they avoid a direct comparison
across the different models. On the contrary, we propose a new method
for calibrating participating life insurance contracts which allows us to
directly compare the risk involved in the different bonus distribution
models. In addition, by keeping our initial calibration fixed, we can iso-
late effects caused by changes in the underlying asset volatility and the
initial reserve situation (i.e., we can directly assess model risks).

Our results show that DPO values obtained with the bonus distri-
bution model of Bacinello (2001), which mirrors the Italian regulatory

framework, are most sensitive to changes in volatility and initial reserves.

Part II also examines participating life insurance contracts. As very
little research has been conducted into the performance of this kind of
product, a performance analysis is conducted in order to provide evi-
dence to support decision making of policyholders. To achieve this, we
break down a participating life insurance contract into a term life insur-
ance and a savings component and simulate the cash flow distribution
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of the latter. The result of the simulation is compared to the cash flows
resulting from two benchmarks investing into the same portfolio but
without an investment guarantee or bonus distribution scheme, in order
to measure the impact of these two product features. To provide a real-
istic view of the two alternatives, transaction costs and wealth transfer
effects between policyholders are controlled for.

The contribution is that we neither rely on a single performance
measurement ratio nor do we provide an ex post analysis. Instead, the
introduced framework allows a comparison of the complete payoff distri-
bution on an ex ante basis. This general approach is subsequently not
bonded to one specific subjective preference scheme. Further, we model
an insurance company with various insurance collectives in order to incor-
porate wealth transfer effects between different groups of policyholders.
Only Hansen and Miltersen (2002) analyzed participating life insurance
contracts with pooled accounts before, but just for a two-policyholders
case.

We show how the payoff distribution depends heavily on the initial
reserve situation and managerial discretion. These results suggest that
expected performance is, in general, difficult for policyholders to assess.

In Part III, we turn to insurance regulation. We perform an in-depth
analysis of current regulatory and reporting developments within the Eu-
ropean insurance industry. We focus on the four primary frameworks,
namely the solvency framework Solvency II, insurance guaranty systems,
the proposed IFRS 4 Phase II international accounting standards, and
Market Consistent Embedded Value reporting. We present each frame-
work and analyze it from different stakeholder perspectives. Then, we
compare and contrast all four frameworks.

The contribution of Part III is twofold. On the one hand, we present
a comprehensive overview of four far-reaching regulatory and reporting
reforms in Europe. On the other hand, we compare and contrast these
frameworks, analyze them from different stakeholder perspectives, and
point out major similarities and differences. Thereby, we combine re-
sults of important publications found in industry and research as well as
our own point of view. Although some authors address the relation be-
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tween Solvency IT and IFRS 4 Phase II (see, e.g., Duverne and Le Douit,
2009), between IFRS 4 Phase IT and MCEV (see, e.g., De Mey, 2009),
or between Solvency II and insurance guaranty systems (see, e.g., Ry-
maszewski and Schmeiser, 2011), there is no comprehensive comparison
of all these frameworks. In addition, the different stakeholder perspec-
tives on the frameworks are, in general, not taken into account.

We find that the benefits of the different regulatory frameworks need
to justify the corresponding costs. If this is not the case, European in-
surers will be at a competitive disadvantage to less regulated markets.
Coordinate introduction will be necessary to ensure that the regulatory
burden is reduced and synergies can be utilized. To overcome difficulties
with the planned frameworks, we propose a more holistic, comprehensive
approach to insurance reporting and regulation.

In Part IV, a capital market-based financial guaranty system for the
financial service industry is proposed as an alternative to current de-
posit insurance and insurance guaranty schemes. The proposed guaranty
system secures clients’ claims in the event of the default of a financial
company by means of a special purpose vehicle which issues bonds to
investors (similar to catastrophe bonds or other insurance-linked secu-
rities). In a first step, closed-form solutions for the input parameters
are derived. Subsequently, we analyze the impact of different investment
actions which might be taken by the financial companies protected by
the guaranty vehicle.

We contribute to the literature by providing a detailed proposal of
how a capital market-based financial guaranty system can be established.
In addition, we assess the effectiveness of the proposed system by means
of analyzing actions financial companies might take to lever out the
guaranty system. By deriving practical implications from the numerical
analysis, new insights into whether a transfer of default risk to capital
markets could be feasible are delivered.

We find that if the scope of investors can be restricted, the capi-
tal market-based financial guaranty systems could be a good solution for
clients in respect to the described default problem of a financial institute.

Finally, we conclude this doctoral thesis with a summary of main results.



Part 1
Risk Comparison of Different
Bonus Distribution
Approaches in Participating
Life Insurance

Abstract

The fair pricing of explicit and implicit options in life insurance prod-
ucts has got broad attention in the academic literature over the past
years. Participating life insurance (PLI) contracts have been the focus
especially. These policies are typically characterized by a term life in-
surance, a minimum interest rate guarantee, and bonus participation
rules with regard to the insurer’s asset returns or reserve situation. Re-
searchers replicate these bonus policies quite differently. We categorize
and formally present the most common PLI bonus distribution mecha-
nisms. These bonus models closely mirror the Danish, German, UK, and
Italian regulatory framework. Subsequently, we perform a comparative
analysis of the different bonus models with regard to risk valuation. We
calibrate contract parameters so that the compared contracts have a net
present value of zero and the same safety level as the initial position, us-
ing risk-neutral valuation. Subsequently, we analyze the effect of changes
in the asset volatility and in the initial reserve amount (per contract) on
the value of the default put option (DPO), while keeping all other pa-
rameters constant. Our results show that DPO values obtained with the
PLI bonus distribution model of Bacinello (2001), which replicates the
Ttalian regulatory framework, are most sensitive to changes in volatility

and initial reserves.!

LA. Zemp, 2011. Risk Comparison of Different Bonus Distribution Approaches in
Participating Life Insurance. Insurance: Mathematics and Economics, 49(2): 249-
264.
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1 Introduction

In recent years, pricing and fair valuation of explicit and implicit options
in life insurance products have got broad attention in the academic lit-
erature and by practitioners. In particular, participating life insurance
(PLI hereafter) contracts have been the focus. Besides embedding a
term life insurance and a minimum interest rate guarantee, these poli-
cies comprise bonus participation rules regarding the insurer’s profit.
Researchers replicate these bonus policies differently, depending on the
regulatory framework that the model is applied to and on the research
objective. A comparative analysis of these bonus models with respect
to risk appears to be difficult, since designs differ greatly. Thus, ear-
lier literature mainly focuses on risk analysis with regard to one bonus
distribution model while avoiding a direct comparison across different
schemes. However, changing market conditions, for instance a change
in asset volatility, may affect these models quite differently. Similarly,
inaccurate parameter estimations (parameter uncertainty) could have a
stronger impact on one model than on the others. Thus, a direct com-
parison of bonus distribution models can provide important insight, in
particular for regulators. Regulators can identify model risks that they
impose on insurance companies which could be less pronounced with
bonus distribution models found in other countries. As a consequence,
regulators may reconsider the bonus distribution approach chosen and
adopt one that appears to be less sensitive to parameter estimations.

In this paper, we categorize and present the most common PLI bonus
distribution mechanisms. Subsequently, we perform a comparative anal-
ysis of the different bonus models with regard to risk. We calibrate
contract parameters so that the compared contracts have a net present
value of zero and the same safety level under the risk-neutral proba-
bility measure QQ as initial position. The safety level is defined as the
expected present value of the default put option (DPO hereafter) which
corresponds to the situation in which a regulatory authority prescribes a
certain safety level (e.g., Solvency II or the Swiss Solvency Test). Based
on this parameterization, we derive sensitivities of the DPO value re-
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garding the underlying asset volatility as well as the company’s reserve
situation.

Our results provide new insight for insurance companies, as well as
regulators, on the risk involved in different bonus distribution models.
Using the results of our analysis and /or applying our method of compar-
ison will support regulatory authorities (as well as insurance companies)
in selecting a bonus distribution model whose default risk is less sensitive
to parameter estimations, i.e., to identify a bonus model on which pa-
rameter uncertainty has less impact. In particular, our analysis evaluates
model risks associated with the misspecification of the underlying asset
volatility for the different PLI bonus modeling approaches. Similarly, we
compare to what extent a growing pool size — which will naturally reduce
the amount of reserves per contract if no increase in equity capital takes
place — influences the default risk in these bonus modeling approaches.

The field of fair valuation of PLI contracts has been researched exten-
sively. In their basic setting, most PLI models work with single-premium
contracts, whereas the policyholder is assumed to continue until maturity
(i.e., does not die or surrender). As a common factor in European coun-
tries (e.g., Germany, Denmark, Switzerland) we focus on bonus models
which embed a cliquet style interest rate guarantee and some kind of
bonus distribution mechanism. The most fundamental and frequently
applied models in this area are the ones introduced by Bacinello (2001),
Haberman, Ballotta, and Wang (2003), Grosen and Jgrgensen (2000),
Hansen and Miltersen (2002), and Kling, Richter, and Ruf§ (2007). We
do not analyze the bonus models of Barbarin and Devolder (2005) and
of Briys and de Varenne (1997), since they involve a point-to-point guar-
antee, not a cliquet-style one. Furthermore, we do not focus on Albiz-
zati and Geman (1994), Tanskanen and Lukkarinen (2003), and Kleinow
(2009). Albizzati and Geman (1994) do not incorporate any bonus distri-
bution mechanism while Tanskanen and Lukkarinen (2003) and Kleinow
(2009) derive general PLI models for fair valuation which allow for im-
plementing different bonus policies.

Bacinello (2001) introduces a model of PLI based on the Italian regu-
latory framework. Her basic model features a bonus distribution scheme
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based on the annual return on a reference portfolio. The bonus model
does not incorporate any reserve building/ profit stabilization mecha-
nism and is therefore relatively elementary. Bacinello (2003) additionally
embeds a surrender option.

Unlike Bacinello (2001), Haberman et al. (2003) include a return sta-
bilization mechanism - their bonus distribution is based on the arithmetic
average return over the past years and is built upon the UK regulatory
framework.? Additionally, Ballotta et al. (2006) incorporate the DPO.
This bonus distribution model is applied by Ballotta (2005), who changed
the underlying asset process to a jump-diffusion, and was adapted by
Kleinow and Willder (2007).

On the contrary, Grosen and Jgrgensen (2000) do not distribute bo-
nuses based on returns, but rather based on the company’s reserve situa-
tion. Their bonus model is based on the Danish regulatory environment.
It has been applied by Jensen, Jorgensen, and Grosen (2001), Prieul,
Putyatin, and Nassar (2001), Siu (2005), and Gerstner, Griebel, Holtz,
Goschnick, and Haep (2008). An important extension of the model of
Grosen and Jgrgensen (2000) can be found in Hansen and Miltersen
(2002). They include terminal bonus payments and annual fees to the
insurance company. Similar bonus models can be found in Miltersen and
Persson (2000) and Miltersen and Persson (2003).

Finally, Kling et al. (2007) developed a framework which strives to
closely mirror the German insurance market. They work with a target
interest rate, which leads to stable profits for policyholders as long as the
reserve situation remains relatively stable. This bonus model was applied
by Bauer, Kiesel, Kling, and Ruf} (2006) and Zaglauer and Bauer (2008).

The purpose of this paper is to present and analyze the five basic
PLI bonus distribution models under the risk-neutral measure QQ, namely
Bacinello (2001), Haberman et al. (2003), Grosen and Jgrgensen (2000),
Hansen and Miltersen (2002), and Kling et al. (2007). In particular, we

2In fact, Haberman et al. (2003) introduce three different bonus distribution
schemes. We apply this scheme as it is commonly used by UK insurance companies
(see Ballotta, Haberman, and Wang, 2006). Thus, if we mention the bonus model of
Haberman et al. (2003) throughout this paper, we always refer to the model whose
smoothing mechanism is based on the arithmetic mean return over past periods.
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calculate and compare the value of the DPO given by these different
models.

First, we introduce and categorize the five basic bonus models and ap-
ply an integrative notation. To the best of our knowledge, only Cummins,
Miltersen, and Persson (2007) compare different PLI models. However,
Cummins et al. (2007) do not perform a risk comparison, but rather an
analysis of the discounted payoff distribution.

Second, we calibrate contract parameters so that the compared bonus
distribution mechanisms have the same (fair) contract value and the
same safety level (defined as the present value of the DPO), under the
risk-neutral measure. Third, we derive sensitivities of the DPO value to
changes in the underlying asset volatility, as well as the company’s initial
reserve situation (per contract), while keeping all other contract parame-
ters fixed. By doing so, we are able to compare the DPO value across the
introduced bonus distribution models. Only Gatzert and Kling (2007)
provide a framework that allows a comparison of PLI contracts which
embed a cliquet-style option with regard to risk. They analyze shortfall
probability measures (e.g., lower partial moments) with regard to the
bonus models of Grosen and Jgrgensen (2000), Hansen and Miltersen
(2002), and Briys and de Varenne (1997). However, although they iden-
tify key risk drivers, they avoid a direct comparison across the different
models. By contrast, we introduce a new method for calibrating PLI
contracts that allows us to directly compare the risk involved in the
different bonus distribution models. In addition, by keeping our initial
calibration fixed, we can isolate effects caused by changes in the underly-
ing asset volatility and the initial reserve situation (i.e., we can directly
assess model risks).

The remainder of this paper is organized as follows. Section 2 intro-
duces the basic model properties. In Section 3, the five different PLI
bonus distribution models are presented. Section 4 provides the compar-
ative analysis. We present our conclusions in Section 5.
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2 Basic Model Framework

2.1 Model Overview

We assume an insurance company with various homogeneous insurance
contracts (or one single large contract). The policyholder pays a single
upfront premium P, and is assumed to continue the contract until matu-
rity T (i.e., we exclude death or surrender). Table 1 shows the company’s
balance sheet at time ¢. P(t) denotes the value of the policyholder’s ac-
count at time ¢t. C(t) is the company’s account and B(t) is the so-called
bonus reserve, which consists of asset valuation reserves as well as equity
capital. The sum of all three accounts gives the company’s asset base
A(t). The policyholder’s initial proportion of assets is denoted by

- = )
Py + By + Cy Ay’

where Py = P(0), By = B(0), Cy = C(0), and Ag = A(0). In the
following, we describe in detail how these different balance sheet accounts

0

develop over time.

Assets Liabilities

P(t) : policyholder’s savings account
A(t): assets B(t) : bonus account

C(t) : company’s account
A(t) : total assets A(t) : total assets

Table 1: The insurance company’s balance sheet at time ¢. The left
column shows the insurance company’s assets A(t) and the right column
shows the corresponding liabilities (P(t), B(t), C(t)).

2.2 Development of Accounts

In our model framework, the insurance company invests in an asset port-
folio that evolves according to a geometric Brownian motion in a com-
plete and frictionless market setting. Given the risk-neutral valuation
framework under the risk-neutral measure Q, the drift equals the risk-
free rate r,
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dA(t) = rA(t)dt + o A(t)dW (1), (2)

with volatility . W@ is a standard Q-Brownian motion. The well-known
solution of this stochastic differential equation is given by

A(t) = A(0) - o(r=0?/2)t+oWe (1) 3 3

The policyholder’s account P(t) increases annually by the policy interest
rate rp(t) which depends on the bonus distribution model applied

t

P(t) = P(t—1)-(141,(t)) = Po- [ (14+7p(1))  Vte{1,2,..T} (4)
=1

Note that we apply discrete compounding even though some models work
with continuous compounding (e.g., Hansen and Miltersen, 2002).

The company’s account C(¢) is only included in the model of Hansen
and Miltersen (2002). We describe the calculation of the company’s
account C'(t) in detail when presenting their model. For all other models,
the company’s account does not exist, i.e., C(t) =0Vt € {0,1,...,T}.
Finally, the bonus reserve B(t) is determined residually,

B(t) = A(t) — P(t) — C(t), B(t) € (o0, +00). (5)

2.3 Valuation of Policyholders’ Claims and the DPO

Assuming that the default does not take place, the policyholder re-
ceives the payoff L(T) at maturity which consists of the policyholder’s
account P(T) and, depending on the model, a terminal bonus pay-
ment M(T),

L(T) = P(T) + M(T) = H +7r,(t)) + M(T). (6)

3Note that Equation (2) and (3) are not valid for the model of Kling et al. (2007)
if dividends are distributed. We discuss this point when introducing the model.
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Given the risk-neutral valuation framework, the value of a contract with-
out default risk can be calculated by

Vi =e T EQL(T)). (7)

As in most regulatory frameworks, policyholder’s have the first claim
over the company’s asset base. We solely analyze defaults at maturity?,
which occur if the market value of assets is lower than the book value of
the policyholder’s account A(T) < P(T). In other words, this occurs if
the bonus reserve at maturity is negative (B(T") < 0) and the company
account is zero (C(T') = 0).

The value of the DPO is the premium necessary for a risk man-
agement measure that leads to a complete securitization of the policy-
holder’s claim. The payoft of the DPO, D(T), is therefore

D(T) = max[P(T) — A(T),0]. 8)

Under the risk-neutral measure Q, the value of the DPO is

Vp =e T EYD(T)). (9)

Combining the results obtained with regard to the contract’s value V
(Equation (7)) and the value of the DPO Vp (Equation (9)), the contract
value taking default risk into account Vi _p can be calculated. Vi, _p is
equal to the contract value without default risk minus the DPO value,
formally:

Viep =V, —Vp=e"" - [E¥L(T)) — E%D(T))]. (10)

This can be simplified to

Vi_p=e " EY(min(L(T), A(T))). (11)

Later on, we use Monte Carlo simulation to calculate the fair value of
the DPO Vp. For comparability, we use the same sequence of 100’000
paths for each model applied.

4We neglect intermediate shortfalls during the contract’s lifetime, as done, for
example, by Gatzert and Kling (2007).
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3 Participating Life Insurance Bonus
Distribution Models

3.1 Overview and Categorization

Table 2 provides an overview of the different PLI models we analyze.
As already discussed, the models are based on four different regulatory
frameworks, namely Italy, UK, Denmark, and Germany.

The basic distinction between the five models is that the bonus dis-
tribution is either return-based (Bacinello (2001) and Haberman et al.
(2003)) or reserve-based (Grosen and Jgrgensen (2000), Hansen and Mil-
tersen (2002), and Kling et al. (2007)).

As already discussed, only the model of Hansen and Miltersen (2002)
incorporates a company’s account C(t). All other analyzed models em-
bed a policyholder’s account P(t) and a bonus account B(t). Note that
the original model of Bacinello (2001) does not have any bonus account.
In order to measure the value of the DPO, we add this account to her
model.

The model of Bacinello (2001) is, in fact, just a special case of that of
Haberman et al. (2003). However, we include both models in our analysis,
since they are based on different regulatory frameworks. Similarly, the
model of Hansen and Miltersen (2002) is an extension of that of Grosen
and Jgrgensen (2000). Again, we analyze both models, since Hansen and
Miltersen (2002) additionally include terminal bonus payments, as well
as annual fees to the insurance companies, which could have interesting
effects on risk valuation.

In what follows, we first specify the different models separately. Note
that we do not provide any analytical solution for contract and DPO
values since we base all our results in the numerical analysis on the same

sequence of random numbers.

3.2 Return-based Bonus Distribution

We first introduce the model of Bacinello (2001), which distributes bo-
nuses based on the annual return on the reference portfolio rq(t). We
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apply some modifications to this model, in order to match the basic prop-
erties across all models. First, as already mentioned, we incorporate a
bonus account B(t), since the PLI model of Bacinello (2001) does not
include any bonus account. Second, we assume that the policyholder
continues the contract until maturity and exclude premature death, as
done in all other models. Hansen and Miltersen (2002) actually show
that the inclusion of mortality risks does not affect their results.

The PLI contract guarantees a minimum rate of interest r, each year.
A bonus is granted during years with high asset returns. Then, the
policyholder receives the fraction « of the actual return on the reference
portfolio. The policy interest rate r,(¢) can be written as

rp(t) = max(rg, - ra(t)), (12)
where
raft) = 220 (13)

a > 0 denotes the distribution ratio or participation rate. Subsequently,
the policyholder’s account develops according to

P(t) = P(t — 1)[1 + max(rg, a - 74())]. (14)

B(t) is determined residually. Since the policyholder does not receive
any terminal bonus, the payoff at maturity is

T
L(T)=P H [1 4 max(rg, o - 4 (t))]. (15)

3.3 Average Return-based Bonus Distribution

Next, we present the model of Haberman et al. (2003), which grants
bonuses based on the average return over the past years (see also Ballotta
et al. (2006)). As in all analyzed models, the contract has a minimum
interest rate guaranteed 4. Additionally, Haberman et al. (2003) embed
a bonus smoothing mechanism: annual surplus is credited based on the
(arithmetic) average return on the reference portfolio over the past 7
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years. As done by Bacinello (2001), a distribution ratio « is applied.
The annual policy interest rate is

=, & (5 ¢ A )]

16
° (16)
with n = min(¢, 7).

Thus, the key difference with Bacinello (2001) is that not only current
returns but also past returns are considered. For 7 = 1 the policy inter-
est rate of Haberman et al. (2003) and Bacinello (2001) match exactly.
Based on this interest rate 7,(t), the policyholder’s account evolves as
follows

P(t)=P(t—1) {1 + max [rg,z (A(f(t)n 4o

)l

Again, B(t) is determined residually. In addition, policyholders receive

(17)

a terminal bonus payment M (T'). Since the terminal bonus is calculated
based on the policyholder’s initial proportion of assets 6§ = %’, only as-
sets financed by the policyholders are actually distributed. The terminal
bonus can be described by

M(T) = ¢ -max(0A(T) — P(T),0), (18)
where ( > 0 is a distribution parameter. Therefore, the payoff at matu-

rity is

L(T) =P(T) + M(T)
T

:po-t];[1 {1+max{rg,z<j4(jj(f)l)+w (19)
At—n+1)

Alt=n) ”)” + ¢ max(0A(T) — P(T),0).
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Unless stated otherwise, we fix 7 = 3 years as done by Ballotta et al.
(2006).

3.4 Reserve-based Bonus Distribution

We now turn to the PLI model of Grosen and Jgrgensen (2000). As for
all analyzed models, the model of Grosen and Jergensen (2000) includes
a minimum interest rate guarantee r,. The bonus is distributed, in
contrast to the return-based bonus distribution observed in Bacinello

(2001) and Haberman et al. (2003), depending on the reserve situation of
B(t—1)
P(t—1)
exceeds a certain limit, the target buffer ratio v > 0. The participation

the insurance company: Surplus is only credited if the buffer ratio

rate « defines how much of the excess reserves is to be distributed. Thus,
the bonus account B(t) is built up if the buffer ratio is low and partially
distributed if the buffer ratio is high. Note that bonus is distributed
with respect to the buffer ratio one year before (at ¢ — 1). The policy
interest rate can be described by

(20)

Hence, the policyholder’s account evolves according to

P(t) = P(t — 1) [1 + max {Tg,a(gg_g - 7>” (21)

The contract does not provide any terminal bonus payment. Thus, the
payoff at expiration is simply the value of the policyholder’s account:

L(T) = P(T) = P, t_ﬁl {1 +max[rg,a<§g_3 —'y)”. (22)
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3.5 Reserve-based Bonus Distribution with Annual
Fees

Now, we analyze the model suggested by Hansen and Miltersen (2002).
Besides embedding a minimum interest rate guaranteed and a bonus dis-
tribution mechanism similar to that introduced by Grosen and Jgrgensen
(2000), the insurance company collects annual fees and provides a termi-
nal bonus payment. Note that we use discrete compounding instead of
the continuous compounding applied by Hansen and Miltersen (2002),
in order to match the different models.

Unlike the previous models, the insurance company has three dif-
ferent liability accounts: the bonus account B(t), the company’s ac-
count C(t), and the policyholder’s account P(t). Again, a target buffer
ratio v and a participating rate « are applied. Due to the different ac-

counts, the buffer ratio is defined differently than before, namely
B(t—1)

PE-_1)1C(E-1)"

nual fee. This annual fee is either a fraction p of the surplus (indirect

In addition, the company’s account C(t) collects an an-
method), a fraction £ of the assets in the policyholder’s account (direct

method), or both (combination of indirect and direct method). The
policy interest rate is

rp(t)Zmax[rg,a<P(t_li§t_;012t_l) —7)} - (23)

Thus, the policyholder’s account evolves according to

P(t) = P(t—1) [1 erax[rg,oz(P(t —B1)§t+clzt— 3 ’y)] g]. (24)

The sum of the policyholder’s account and the company’s account are
modeled as

(P+C)(t) = (P+C)(t - 1)[1—|—max{7“g, (atp)

(e )l
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where a, p,& € [0,1],€ < rg,a+ p < 1.° From this it follows that the
company’s account can be calculated as

C(t) = (P+C)(t) — P(t). (26)

Again, the bonus account is residually defined as

B(t) = A(t) — P(t) — C(t). (27)

If the bonus account at expiration is negative, B(T') < 0, a transfer from
the company’s account C(T') takes place. The policyholder receives a
terminal bonus payment equal to the amount on the bonus account if
positive,

M(T) = max(B(T),0) = B(T)™. (28)

Therefore, the policyholder’s payoff at maturity is

T
L(T) = P(T)+ M(T) =Py - || [1 + max {rg, a
t=1

(e ) o

(29)

We assume that the initial bonus account in the model of Hansen and
Miltersen (2002) is empty (i.e., Bg = 0). Any capital paid in by share-
holders is attributed to the company’s account (i.e., Cy > 0).

In what follows, we assume that the insurance company applies the
indirect method to charge fees, i.e., £ =0 and p > 0.6

3.6 Reserve-based Bonus Distribution with Target
Interest

Next, we introduce the last model analyzed, the model of Kling et al.
(2007). The model goes much further into detail than the other models.

5Note that (P(t) + C(t)) = (P + C)(t), as in the original paper by Hansen and
Miltersen (2002).

6We have decided not to apply the direct method since the direct method may
just reduce the guaranteed rate of interest.
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Among others, Kling et al. (2007) differentiate two cases, the 'must’-
and the ’is’-case. The must-case defines what is prescribed by regulation,
whereas the is-case describes what German insurance companies actually
do. To obtain comparability, we reduce the number of parameters as far
as possible. Therefore, we just apply the is-case of Kling et al. (2007)
and neglect the must-case. We have decided to focus on the is-case,
because it is closer to the models previously introduced and it coincides
with what actually happens in the German insurance market.

The bonus crediting mechanism depends on two key elements: the
reserve situation and the target rate of interest. As seen before, the
buffer ratio % defines whether or not any bonus is granted. However,
unlike the models of Grosen and Jgrgensen (2000) and of Hansen and
Miltersen (2002), this ratio is calculated based on accounts at time ¢, and
not at time ¢ — 1. In addition to the target buffer v, an upper bound-
ary ¢ is given, with regard to the buffer ratio. As long as the buffer
ratio stays within these upper and lower boundaries, v < % < ¢, the
policyholder’s account earns a target rate of interest 7, > r, that is set
by management. A lower (higher) interest is granted only if the buffer
ratio becomes too low (or too high). Of course, the policyholder always
receives at least the guaranteed interest. In addition, shareholders re-
ceive dividends, calculated as a portion g of any surplus credited. A~ (t)
denotes assets before the distribution of dividends and AT (¢) denotes

assets after dividends.

With regard to the bonus distribution, four cases can be distin-
guished:

- If crediting the target rate of interest r, results in a buffer ratio
above its upper boundary ¢, the amount leading to a buffer ratio
at its upper boundary is distributed.

- If distributing the target interest leads to a buffer ratio between
its upper and lower limit, the target interest r, is granted.

- If crediting the target interest results in a buffer ratio below the
target buffer v, the amount leading to a buffer ratio at the target
buffer is distributed.



3.6 Reserve-based Bonus Distribution (Target Interest) 21

- No additional bonus is distributed if the buffer ratio before the
distribution of any bonus is already below the target buffer.

Formally, this can be described as follows

(1470) - Pt = D5 (47O = (L +r) (14 0) - P = 1)
if p < B(®)
v (1+r21)9.(5(t71)
P(t) = (Ltre) - PU=1) My < o TP 1) <9

(L47g) - P(t —1)+ [A7(t) — (14 7rg)(1+7) - Pt —1)]

1+~v+0

: B(t) B(t)

Ay Pa=D <Y U3y Pa=1D
(147g)-P(t—1) if B(®) <.

(1+7y)-P(t—1)
(30)

Note that if dividends are distributed (i.e., 8 > 0), Equation (2) only

applies in the interval [t — 1,¢[ and Equation (3) changes to A~ (t) =
r— 22 Lo (W) —WC(t— .

A+(t—1)e( 2 )+ (Wem-wee 1)). The corresponding asset value after

dividends, AT, is calculated by

AT o5 A0 = ()1 +¢) - P 1)]
if p < B(®)

(1+r.)-P(t—1)
A™(t)=B(r= —1g) - P(t = 1)

AF() = if v < a +TZ])B.(2(]€ ) < (31)
A_(t)—m[z‘l_(t)— (L4+79)(1+7) - P(t—1)]
B(t) B(t)
Axm) Pe—1 T S Uxr)-PlE=1)
A (t) if B(®) <.

(I4+mry)-P(t—1)

B(t) is determined residually.
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In what follows, we set the dividend ratio to 5 = 0, in order to exclude
effects caused by dividend distribution. As a consequence, Equations (2)
and (3) also hold for the model of Kling et al. (2007).

4 Comparative Analysis

4.1 Approach

Next, after introducing each model separately, we derive a calibration
that allows us to compare the value of the DPO across the different
models. In earlier literature, two methods of parameter calibration with
regard to PLI contracts have been applied. Gatzert and Kling (2007)
calibrate PLI contracts to be fair priced without pricing the DPO, i.e.,

Py=Vp. (32)

On the contrary, Gatzert (2008) calibrates contracts to be fair taking
default risk into account and, additionally, fixes the default-value-to-
liability ratio,

PQ = VLfDa (33)
d= Yp = constant. (34)
Vi

However, the stepwise procedure introduced by Gatzert (2008, p. 842)
is not applicable unless “at least one parameter that has no influence on
default” exists. This is the case of all models introduced, except for the
model of Haberman et al. (2003) with regard to the parameter (.

We introduce a new calibration method that provides a higher degree
of comparability across the different bonus distribution models. Note
that the methods of Gatzert and Kling (2007) and Gatzert (2008) cali-
brate parameters at each point separately. That is to say, if sensitivities
with respect to volatility are derived, the PLI model is calibrated for
each single volatility. By contrast, we derive an initial calibration that
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is kept fixed during our numerical analysis. This allows us to isolate ef-
fects caused by changes in the underlying asset volatility and the initial
reserve situation (i.e., we can directly assess model risks).

First, we require contracts to have the same fair value taking default
risk into account

PO — VL—D' (35)

Second, we fix the safety level across all models by setting the initial
value of the DPO to the level S,

Vp =S, (36)

which directly corresponds to current solvency regulation (e.g., Solvency
IT, Swiss Solvency Test) that focuses on keeping the default probability
at a low level but does not prescribe reserve levels.”

To conclude, our calibration approach ensures that all contracts are
fair and involve the same safety level, i.e., risk value. However, results
cannot be obtained stepwise like in Gatzert (2008) and, thus, numerical
optimization is needed.

4.2 Optimization Technique

For each single bonus distribution model, we search for parameter com-
binations fulfilling Equations (35) and (36) by means of numerical op-
timization. We apply the differential evolution technique introduced
by Storn and Price (1997). Mullen, Ardia, Gil, Windover, and Cline
(2009) provide a comprehensive overview on the differential evolution
algorithm.®

In order to obtain reasonable parameter combinations, we apply the
following constraints on the different parameters

"That is to say, Solvency II as well as the Swiss Solvency Test require that an
insurance company does not exceed a certain default probability. Both do generally
not prescribe how this safety level is achieved. Similarly, we require that all contracts
have the same DPO value.

8We apply the DEoptim procedure as implemented in R. A similar implementation
can be found in Price, Storn, and Lampinen (2005).
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1. Bacinello (2001):
0<a<l, 1<By<h,

2. Haberman et al. (2003):
0<a<l 0<¢<1, 1<By<h,

3. Grosen and Jgrgensen (2000):
OSOZS]., OS'}/S]., ]-SBOSP(M

4. Hansen and Miltersen (2002):
0<a<l 0<9<1 0<p<l 1<C<h, atp<l,

5. Kling et al. (2007):
0<y<L 0<p<l, rg<r.<7r, 1<By<F, 7<¢,

and fix other design parameters (for all models regarded), unless other-
wise stated, as follows:

T=10, 7=3, r=004, o=0.1,
ry € {0.00,0.02}, Py=100, and S=Vp=1.

The parameter combinations calculated by optimization may not be
unique. To check the results obtained for robustness, we optimize by
applying three different seeds in the differential evolution algorithm. In
order to differentiate results based on the three different seeds, we refer
to them as Set 1, Set 2, and Set 3.

4.3 Fixing the Reserve Level

In order to increase comparability, we additionally require that the re-
serve level By be the same across the different models, whenever possible,

ie.,

B(()Bac) _ B(()Hab) = B (Gro) _ C(Han _ B(()Kli). (37)

Note that it will not be possible to satisfy Equations (35), (36), and (37)
across all models, since degrees of freedom are, in some models, too low.
Thus, we decide to abandon Equation (37) for some models if no solution
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can be obtained otherwise because, from our point of view, fixing the
safety level is more important due to its adherence to solvency regulation.
In addition, if we solely fixed the reserves without considering the value
of the DPO, the degrees of freedom would become too high.?

By applying different design parameters and optimizing according to
Section 4.2, we find that reserve levels can be kept the same across the
models of Haberman et al. (2003), Grosen and Jgrgensen (2000), and
Kling et al. (2007). The model of Bacinello (2001) usually requires a
higher reserve level, in order to reach the required safety level and to be
fair priced (Equations (35) and (36)). The contrary is true for the model
of Hansen and Miltersen (2002).1° As a consequence, Equation (37)
reduces to

B(gHab) _ B(()Gro) _ B(()Kli). (38)

We apply the optimal reserve level obtained by calibrating the model of
Grosen and Jgrgensen (2000) as the common initial reserve (correspond-
ing to Equation (38)). That is to say, we optimize (calibrate) the model
of Grosen and Jgrgensen (2000) according to Section 4.2, obtain the re-
serve level B{®™ and apply this reserve level (B{®") in the optimiza-
tion (calibration) of the models of Kling et al. (2007) and Haberman et al.
(2003).1! For the models of Bacinello (2001) and Hansen and Miltersen
(2002), we apply individual reserve levels obtained by the optimization

technique.

4.4 Calibrated Parameter Combinations

We simulate the same sequence of 100’000 paths (Monte Carlo simula-
tion) for each model applied to find the optimal parameter combinations

9We provide additional numerical results, which are derived from abandoning
Equation (36) if no solutions can be obtained otherwise, in Appendix E (Table 11
and 12).

10There can be a combination of design parameters that allow to fulfill Equa-
tions (35), (36), and (37) across all models, but this would be a special case.

11 Applying a common reserve level, obtained by optimizing the model of Haberman
et al. (2003), would also be possible. To calibrate instead the common reserve level
based on the model of Kling et al. (2007) does not appear to be feasible as the model
has comparably high degrees of freedom.
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(leading to fair contracts with the same safety level) with the differential
evolution algorithm. We report the resulting parameter combinations
for each bonus distribution model in Tables 3 and 4 (based on three
different seeds). Table 3 shows results for a guaranteed rate of inter-
est of 7, = 0.00 (money-back guarantee), Table 4 for a guaranteed rate
of ry = 0.02.

Given a guaranteed rate of interest of r, = 0.00, Table 3 shows that
the seed applied in the optimization of the model of Bacinello (2001)
does not matter, since all sets yield the same values for o and By. In the
models of Haberman et al. (2003) and Grosen and Jgrgensen (2000), we
obtain very similar parameter combinations in Set 2 and Set 3, whereas
those in Set 1 differ. That is to say, Set 1 shows a lower focus on final

(a) Set 1 (ry = 0.00)

(1) (2) (3) (4) (5)
Parameter Bacinello Haberman Grosen and Hansen and Kling
(2001) et al. (2003)  Jgrgensen Miltersen et al.
(2000) (2002) (2007)
a 0.650 0.737 0.440 0.313 -
By 32.677 23.063" 23.063 0.000 23.063*
Co - - - 3.739 -
¢ - 0.375 - - -
- - 0.170 0.814 0.056
p - - - 0.344 -
T2 - - - - 0.030
® - - - - 0.398

@ This reserve level is that obtained by optimizing the model of Grosen and
Jorgensen (2000).

Table 3: Three sets (based on three different seeds) of initial parameter
combinations calculated by means of optimization, which lead to a fair
contract value (Vi_p = Pp) and a fixed safety level (Vp = S = 1) with
a guaranteed rate of interest of r, = 0.00 (rounded to three decimal
places). (continued on next page)
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(b) Set 2 (rg = 0.00)

(1) (2) 3) (4) (5)
Parameter Bacinello Haberman Grosen and Hansen and Kling
(2001) et al. (2003)  Jgrgensen Miltersen et al.
(2000) (2002) (2007)
@ 0.650 0.708 0.866 0.452 -
Bo 32.677 21.952% 21.952 0.000 21.952*
Co - - - 3.778 -
¢ - 0.514 - - -
- - 0.241 0.706 0.013
p - - - 0.240 -
Tz - - - - 0.020
® - - - - 0.347

(c) Set 3 (rg =0.00)

(1) (2) 3) (4) ()
Parameter Bacinello Haberman Grosen and Hansen and Kling
(2001) et al. (2003)  Jgrgensen Miltersen et al.
(2000) (2002) (2007)
e 0.650 0.708 0.865 0.261 -
By 32.677 21.959* 21.959 0.000 21.959*
Co - - - 3.806 -
¢ - 0.513 - - -
- - 0.241 0.473 0.087
P - - - 0.073 -
Tz - - - - 0.034
@ - - - . 0.386

@ This reserve level is that obtained by optimizing the model of Grosen and
Jorgensen (2000).

Table 3: Three sets (based on three different seeds) of initial parameter
combinations calculated by means of optimization, which lead to a fair
contract value (Vi_p = Fy) and a fixed safety level (Vp = S = 1) with
a guaranteed rate of interest of r, = 0.00 (rounded to three decimal
places). (cont.)
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payouts (i.e., lower ¢) in the model of Haberman et al. (2003), and earlier
(i.e., lower v) but lower bonus payouts (i.e., lower «) in the bonus model
of Grosen and Jgrgensen (2000). In the bonus distribution model of
Hansen and Miltersen (2002) and Kling et al. (2007), results differ in all
sets.

Table 4 shows optimal parameter combinations for a guaranteed rate
of interest of r, = 0.02. The optimization of the model of Bacinello
(2001) yields the same values for o and By in all sets. In addition, the
resulting parameter combinations in the model of Haberman et al. (2003)
are very similar across all sets. In the bonus distribution model of Kling
et al. (2007), Set 1 and 2 lead to similar results. In the models of Grosen
and Jgrgensen (2000) and of Hansen and Miltersen (2002), the obtained
parameter combinations differ in all sets.

(a) Set 1 (ry = 0.02)

(1) (2) (3) (4) (5)
Parameter Bacinello Haberman Grosen and Hansen and Kling
(2001) et al. (2003)  Jgrgensen Miltersen et al.
(2000) (2002) (2007)
a 0.514 0.497 0.887 0.223 -
By 44.964 35.004* 35.004 0.000 35.004*
Co - - - 30.432 -
¢ - 0.594 - - -
- - 0.483 0.165 0.227
p - - - 0.304 -
T2 - - - - 0.028
® - - - - 0.559

@ This reserve level is that obtained by optimizing the model of Grosen and
Jorgensen (2000).

Table 4: Three sets (based on three different seeds) of initial parameter
combinations calculated by means of optimization, which lead to a fair
contract value (Vi_p = Pp) and a fixed safety level (Vp = S = 1) with
a guaranteed rate of interest of r, = 0.02 (rounded to three decimal
places). (continued on next page)
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(b) Set 2 (rg = 0.02)

(1) (2) 3) (4) (5)
Parameter Bacinello Haberman Grosen and Hansen and Kling
(2001) et al. (2003)  Jgrgensen Miltersen et al.
(2000) (2002) (2007)
o 0.514 0.496 0.666 0.370 -
Bo 44.964 34.995% 34.995 0.000 34.995*
Co - - - 30.552 -
¢ - 0.594 - - -
- - 0.440 0.170 0.239
p - - - 0.359 -
Tz - - - - 0.029
® - - - - 0.565

(c) Set 3 (rg =0.02)

(1) (2) 3) (4) ()
Parameter Bacinello Haberman Grosen and Hansen and Kling
(2001) et al. (2003)  Jgrgensen Miltersen et al.
(2000) (2002) (2007)
@ 0.514 0.496 0.757 0.087 -
By 44.964 34.977* 34.977 0.000 34.977*
Co - - - 30.408 -
¢ - 0.596 - - -
- - 0.459 0.102 0.292
p - - - 0.204 .
Tz - - - - 0.034
® - - - - 0.577

@ This reserve level is that obtained by optimizing the model of Grosen and
Jorgensen (2000).

Table 4: Three sets (based on three different seeds) of initial parameter
combinations calculated by means of optimization, which lead to a fair
contract value (Vi_p = Fy) and a fixed safety level (Vp = S = 1) with
a guaranteed rate of interest of r, = 0.02 (rounded to three decimal
places). (cont.)
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This discussion shows that it is useful to consider different seeds in the
differential evolution algorithm, since they may lead to different param-
eter combinations depending on the considered model. In what follows,
the obtained parameter combinations will be applied to the respective
bonus distribution models in order to measure sensitivities of the value
of the DPO with regard to asset volatility and the initial reserve level.
Thereby, we focus on Set 1 when presenting results. However, we point
out significant differences observed in other sets and provide the corre-
sponding data in the appendix.

4.5 Numerical Analysis

Our calculated parameter combinations result in PLI contracts with the
same fair value and the same safety level (i.e., same DPO value). How-
ever, asset volatility may change over time or may be misspecified (model
risk). In addition, a growing pool size will reduce the amount of reserves
per contract if no increase in equity capital takes place. Thus, we analyze
the effects of a changing asset volatility and a changing initial reserve
amount on the value of the DPO while keeping all other parameters con-
stant.

Figure 1 plots sensitivities with respect to the underlying asset volatil-
ity for the two different guaranteed rates, r4 € {0.00,0.02}, based on Set
1. We provide the underlying data tables (for all sets) in Table 5 and 6
(see Appendix A).

Figure 1 clarifies that the model of Bacinello (2001) is most sensitive
to changes in the underlying asset volatility regarding both guaranteed
rates. On the other hand, the model of Hansen and Miltersen (2002)
is least sensitive. The model of Kling et al. (2007) responds faster to
changes in asset volatility compared to that of Hansen and Miltersen
(2002), but slower compared to all other bonus distribution models. The
models of Grosen and Jergensen (2000) and Haberman et al. (2003)
are in between the models of Bacinello (2001) and Kling et al. (2007).
For a money-back guarantee (i.e., ry = 0.00), the model of Grosen and
Jorgensen (2000) is less sensitive than that of Haberman et al. (2003).
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The reverse is true for the higher guaranteed rate of r, = 0.02: Here,
the model of Grosen and Jgrgensen (2000) is more sensitive than that of
Haberman et al. (2003). In fact, with a guaranteed rate of ry = 0.02, the
model of Haberman et al. (2003) yields sensitivities that are very close
to those obtained by applying the model of Kling et al. (2007).

Note that for both guaranteed rates, Set 2 and Set 3 generally lead
to values that are similar to those displayed in Figure 1 (see Table 6).
As a consequence, the order regarding sensitivity to changes in volatility
remains the same. Thus, our general results concerning the comparison
of the different bonus distribution models are robust.

Summarizing results obtained with both guaranteed rates, it becomes
clear that the model of Hansen and Miltersen (2002) is the least sensitive
to changes in the underlying asset volatility, followed by the model of
Kling et al. (2007). With a guaranteed rate of r, = 0.02, the model of
Haberman et al. (2003) has a very similar sensitivity compared to that
of Kling et al. (2007). On the contrary, the model of Bacinello (2001)
is most sensitive to changes in asset volatility. Whether the model of
Grosen and Jgrgensen (2000) or that of Haberman et al. (2003) responds
faster, depends on the interest rate guarantee.

In Figure 2, we show sensitivities with respect to changes in the initial
reserve level, for both guaranteed rates, r, € {0.00,0.02}. Note that
we analyze changes in the reserve relative to the calibrated parameters
because initial reserve levels are different for some bonus models (recall
the discussion in Section 4.3). The 1.0 on the x-axis is the starting point
of the sensitivity analysis and, for instance, 0.8 means that reserves are
reduced to Boncw) =0.80- B(()initial). We provide the corresponding data
tables for all parameter sets in Table 7 and 8 (see Appendix B).

First, notice that the DPO values are much less sensitive to changes in
the initial reserve level than to changes in the underlying asset volatility
given the volatility of o = 0.10. Figure 2a clarifies that the reserve-based
bonus distribution models respond little to changes in the initial reserve
level in case of a money-back guarantee (i.e., 4 = 0.00).

Again, the model of Bacinello (2001) is the most sensitive to changes
in the initial reserves, followed by that of Haberman et al. (2003). The
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model of Grosen and Jgrgensen (2000) is the least sensitive. The models
of Hansen and Miltersen (2002) and Kling et al. (2007) are between
those of Grosen and Jgrgensen (2000) and Haberman et al. (2003). For
a guaranteed rate of 7y = 0.00, the model of Kling et al. (2007) responds
faster than that of Hansen and Miltersen (2002). The reverse is true for
a guaranteed rate of r, = 0.02: Here, the model of Hansen and Miltersen
(2002) responds faster than that of Kling et al. (2007). Note that the
values obtained in Set 2 and 3 are close to the ones displayed in Figure 2
(see Table 7 and 8).

To summarize results regarding sensitivities with respect to the ini-
tial reserves, the model of Bacinello (2001) is most sensitive, followed
by Haberman et al. (2003); that of Grosen and Jgrgensen (2000) is least
sensitive, and the models of Hansen and Miltersen (2002) and Kling et al.
(2007) are somewhere in between.

In addition, we have performed an analysis with regard to risk as-
sessment under the real world measure P. We have calculated shortfall
probabilities, i.e., P(A(T) < P(T)), for three different drift rates p €
{0.04,0.06,0.08} and an interest rate guarantee of r, = 0.02. We il-
lustrate results in Figures 3 and 4. The corresponding data tables are
reported in Table 9 (see Appendix C) and Table 10 (see Appendix D).

With a drift rate of p = 0.04 (Figures 3a and 4a), results directly
correspond to our analysis with regard to risk valuation, i.e., the order
regarding sensitivities is the same across the different models (e.g., the
model of Bacinello (2001) is most sensitive to changes in volatility and
initial reserves). For higher drift rates, 4 € {0.06,0.08}, results also
confirm our findings with regard to risk valuation with one exception.
Namely, shortfall probabilities in the model of Haberman et al. (2003)
are less sensitive to changes in the asset volatility than in the model
of Kling et al. (2007). Thus, the relation between these two models
is just the opposite way around, compared to our results concerning
risk valuation (see Figure 3b and Table 6). Here, recall that sensitivi-
ties regarding DPO values in the model of Haberman et al. (2003) have
been very close to those obtained by applying the model of Kling et al.
(2007). In addition, although the order does not change, with higher
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drift rates (@ € {0.06,0.08}) shortfall probabilities are very similar across
the reserve-based bonus distribution models (i.e., Grosen and Jgrgensen
(2000), Hansen and Miltersen (2002), and Kling et al. (2007)) for chang-
ing initial reserve levels (see Figure 4b).

Results confirm our findings with regard to risk valuation. The order
regarding sensitivities is the same across the different models (except for
the exception mentioned). In particular, shortfall probabilities in the
model of Bacinello (2001) are most sensitive to changes in both param-
eters as we have seen in Figures 1 and 2.

Our results allow us to draw four major conclusions. First, the
DPO values in the Italian based bonus framework of Bacinello (2001)
are most sensitive to changes in the underlying asset volatility and the
initial reserve level — which can be explained by the lack of any smooth-
ing mechanism. Second, the reserve-based bonus distribution models
(i.e.,Grosen and Jgrgensen (2000), Hansen and Miltersen (2002), and
Kling et al. (2007)) are generally less sensitive to changes in the initial
reserve level. However, we cannot draw general conclusions in regard
to whether return-based or reserve-based surplus distribution mecha-
nisms are superior. Results regarding the model of Haberman et al.
(2003) show that return-based bonus models may involve less model risks
than reserve-based ones if volatility is considered (see Figures 1b and 3).
Third, the models of Hansen and Miltersen (2002) and Kling et al. (2007)
are the least sensitive to changes in the underlying asset volatility. And
finally, the model of Grosen and Jgrgensen (2000) is the least sensitive
one with respect to changes in the initial reserves.

Our findings imply that return-based surplus distribution scheme of
Bacinello (2001) imposes comparably high model risks on life insurance
companies. If Italian insurance companies actually apply the PLI model
of Bacinello (2001), regulators may reassess whether a model which is
less sensitive, i.e., the one of Hansen and Miltersen (2002), could be
implemented. In fact, the application of the model of Bacinello (2001)
in practice appears to be problematic if a high increase in volatility takes
place. Similarly, insurance companies can figure out the model that fits
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the required risk profile best given that they can still adhere to the
regulatory framework.

5 Conclusion

We present the most common PLI bonus distribution mechanisms, namely
those of Bacinello (2001), Haberman et al. (2003), Grosen and Jgrgensen
(2000), Hansen and Miltersen (2002), and Kling et al. (2007), and we ap-
ply an integrative notation. We develop a parameter calibration that
allows us to compare the DPO values across the different models.

By applying our method of comparison, regulatory authorities can
compare the model risks present in different bonus distribution schemes.
In particular, we identify differences in model risks associated with the
misspecification of the underlying asset volatility and for the case of a
reduced initial reserve level.

Our results show that the return-based bonus distribution scheme
of Bacinello (2001) generally yields the highest DPO values if the un-
derlying asset volatility increases or the initial reserve decreases. As a
consequence, given that Italian insurers actually apply the bonus dis-
tribution scheme introduced by Bacinello (2001), regulators should re-
assess whether a model which is less sensitive could be implemented.
For instance, the models of Hansen and Miltersen (2002) and Kling et al.
(2007) are the least sensitive to changes in the underlying asset volatility,
whereas the model of Grosen and Jgrgensen (2000) is the least sensitive
with respect to changes in the initial reserves.

In summary, our analysis clarifies that the model chosen by insurance
companies or prescribed by regulators should not be arbitrary. It appears
to be crucial that regulatory authorities select a bonus distribution model
whose default risk is less sensitive to model risks. Here, especially the
model framework of Bacinello (2001) appears to be problematic — an
unexpected increase in asset volatility will highly increase risk values.
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a) Bacinello, 7y = 0.00, Vp = S, BBae) o glGro)
g 0 0
(e =0.650, By = 32.677)

g VD A(VD) A(VD)/VD
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.006 (0.001) 0.006 38.226
0.08 0.179  (0.004) 0.133 2.940
0.09 0.478 (0.007) 0.300 1.677
0.10 1.000 (0.011) 0.522 1.092
0.11 1.772  (0.016) 0.772 0.772
0.12 2.801 (0.021) 1.029 0.581
0.14 5.608 (0.032) 1.524 0.373
0.16 9.309 (0.044) 1.955 0.266
0.18 13.773 (0.055) 2.319 0.203
0.20 18.892 (0.066) 2.636 0.162

(b) Bacinello, rg = 0.00, Vp # S, B((JBEC) = B(()Gro)
(a = 0.668, By = 23.063)

o Vb A(Vp)  A(Vp)/Vp
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.032 (0.001) 0.030 13.044
0.08 0.477 (0.007) 0.317 1.983
0.09 1.048 (0.011) 0.572 1.198
0.10 1.900 (0.016) 0.852 0.812
0.11 3.032  (0.021) 1.131 0.595
0.12 4.429 (0.027) 1.397 0.461
0.14 7.933 (0.038) 1.863 0.307
0.16 12233 (0.049) 2.240 0.224
0.18 17.196  (0.060) 2.557 0.175
0.20 22.717 (0.070) 2.824 0.142

Table 11: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (continued on next page)
Note that we obtain the optimal parameter combination for panel (b) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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c ansen an iltersen, r, = 0.00, Vp = S,
H d Mil o Vp = S, B{Te™ » B¢
(¢ =10.313, vy = 0.814, p = 0.344, Co = 3.739)

(o2 VD A(VD) A(VD)/VD
0.02 0.000 (0.000) 0.000 -
0.04 0.001 (0.000) 0.001 -
0.06 0.057 (0.002) 0.046 4.320
0.08 0.362 (0.006) 0.194 1.153
0.09 0.640 (0.009) 0.278 0.770
0.10 1.003 (0.012) 0.362 0.566
0.11 1.443  (0.015) 0.440 0.439
0.12 1.949 (0.018) 0.506 0.351
0.14 3.126  (0.024) 0.614 0.244
0.16 4.477  (0.030) 0.694 0.183
0.18 5.956 (0.035) 0.753 0.145
0.20 7.535 (0.041) 0.801 0.119

(d) Hansen and Miltersen, rg = 0.00, Vp # S, B(()Han) = B(()Gro)
(a = 0.156, 7 = 0.400, p = 0.374, Cy = 23.063)

o Vb A(Vp)  A(Vp)/Vp
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.003  (0.000) 0.003 41.578
0.08 0.061 (0.002) 0.044 2.500
0.09 0.151 (0.004) 0.090 1.472
0.10 0.299 (0.006) 0.148 0.980
0.11 0.513 (0.008) 0.214 0.716
0.12 0.792 (0.011) 0.279 0.545
0.14 1.547 (0.017) 0.410 0.361
0.16 2.536  (0.022) 0.520 0.258
0.18 3.713  (0.028) 0.611 0.197
0.20 5.048 (0.034) 0.685 0.157

Table 11: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (cont.)
Note that we obtain the optimal parameter combination for panel (d) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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e) Bacinello, 7y = 0.02, Vp = S,
Bacinell o \% S BéBac) BéGTO)
(e =0.514, By = 44.964)

g VD A(VD) A(VD)/VD
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.012 (0.001) 0.012 17.442
0.08 0.219 (0.005) 0.152 2.243
0.09 0.517 (0.008) 0.298 1.360
0.10 1.000 (0.013) 0.483 0.933
0.11 1.687 (0.017) 0.687 0.687
0.12 2.580 (0.022) 0.892 0.529
0.14 4.957 (0.033) 1.284 0.350
0.16 8.045 (0.044) 1.625 0.253
0.18 11.740  (0.055) 1.918 0.195
0.20 15.956 (0.066) 2.169 0.157

(f) Bacinello, ry = 0.02, Vp, # 5, B§P*® = B{®™
(a = 0.529, By = 35.004)

o Vb A(Vp)  A(Vp)/Vp
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.046 (0.002) 0.041 7.597
0.08 0.481 (0.008) 0.298 1.620
0.09 0.984 (0.012) 0.503 1.045
0.10 1712 (0.017) 0.728 0.740
0.11 2.661 (0.022) 0.949 0.554
0.12 3.821 (0.027) 1.160 0.436
0.14 6.713  (0.038) 1.534 0.296
0.16 10.253  (0.049) 1.844 0.219
0.18 14333 (0.060) 2.101 0.172
0.20 18.878  (0.070) 2.326 0.141

Table 11: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (cont.)
Note that we obtain the optimal parameter combination for panel (f) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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(g) Hansen and Miltersen, rg = 0.02, Vp = S, BéHan) #* BéGm)
(a = 0.223, v = 0.165, p = 0.304, Co = 30.432)

o VD A(VD) A(VD)/VD
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.043 (0.002) 0.036 5.538
0.08 0.329 (0.006) 0.187 1.318
0.09 0.616 (0.009) 0.287 0.870
0.10 1.000 (0.013) 0.385 0.625
0.11 1.484 (0.016) 0.483 0.483
0.12 2.056 (0.020) 0.573 0.386
0.14 3.425 (0.027) 0.719 0.266
0.16 5.040 (0.035) 0.836 0.199
0.18 6.847 (0.042) 0.924 0.156
0.20 8.799 (0.048) 0.992 0.127

(h) Hansen and Miltersen, rg = 0.02, Vp # S, B(()Han) = B(()Gro)
(a = 0.091, v = 0.257, p = 0.700, C = 35.004)

o Vi A(Vp)  A(VD)/Vb
0.02 0.000 (0.000) 0.000 -
0.04 0.000 (0.000) 0.000 -
0.06 0.024 (0.001) 0.021 6.943
0.08 0.234 (0.005) 0.142 1.531
0.09 0.466 (0.008) 0.232 0.993
0.10 0.792 (0.011) 0.326 0.698
0.11 1.212  (0.015) 0.420 0.530
0.12 1724 (0.018) 0.512 0.422
0.14 2.984  (0.025) 0.666 0.287
0.16 4.505 (0.033) 0.789 0.212
0.18 6.237 (0.040) 0.889 0.166
0.20 8.127 (0.047) 0.963 0.134

Table 11: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (cont.)
Note that we obtain the optimal parameter combination for panel (h) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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a) Bacinello, 7y = 0.00, Vp = S, BBae) o glGro)
g 0 0
(e =0.650, By = 32.677)

B yplimitial) -y A(Vp)  A(VD)/Vb
1.25 0.572  (0.008)
1.20 0.640 (0.009) 0.068 0.118
1.15 0.715 (0,010) 0.076 0.119
1.10 0.800 (0.010) 0.085 0.119
1.05 0.895 (0.011) 0.095 0.118
1.00 1.000 (0.011) 0.105 0.117
0.95 1.117 (0.012) 0.117 0.117
0.90 1.246 (0,013) 0.129 0.116
0.85 1.390 (0.014) 0.144 0.116
0.80 1.550 (0.014) 0.160 0.115
0.75 1.728 (0.015) 0.177 0.114

(b) Bacinello, ry = 0.00, Vp # S, B(()Bac) = B(()Gm)
(e =0.668, By = 23.063)

B /B v A(Vb)  A(Vp)/Vb
1.25 1.295 (0.013)
1.20 1.399 (0.014) 0.104 0.080
1.15 1.512 (0.014) 0.112 0.080
1.10 1.632 (0.015) 0.121 0.080
1.05 1.761 (0.015) 0.129 0.079
1.00 1.900 (0.016) 0.139 0.079
0.95 2.050 (0.017) 0.149 0.079
0.90 2.210 (0.017) 0.161 0.078
0.85 2.382 (0.018) 0.172 0.078
0.80 2.567 (0.019) 0.185 0.078
0.75 2.765 (0.019) 0.198 0.077

Table 12: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (continued on next page)
Note that we obtain the optimal parameter combination for panel (b) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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c ansen an iltersen, r4 = 0.00, Vp = S,
H d Mil o Vp = S, B{F™ » B¢
(¢ =10.313, vy = 0.814, p = 0.344, Co = 3.739)

BB v A(Vb)  A(Vp)/Vo
1.25 0.946 (0.011)
1.20 0.957 (0.011) 0.011 0.012
1.15 0.968 (0.011) 0.011 0.012
1.10 0.980 (0.012) 0.011 0.012
1.05 0.991 (0.012) 0.011 0.012
1.00 1.003 (0.012) 0.012 0.012
0.95 1.014 (0.012) 0.012 0.012
0.90 1.026 (0.012) 0.012 0.012
0.85 1.038 (0.012) 0.012 0.012
0.80 1.050 (0.012) 0.012 0.012
0.75 1.063 (0.012) 0.012 0.012

(d) Hansen and Miltersen, rgy = 0.00, Vp # S, B((,Han) = B((]Gro)
(e =0.156, v = 0.400, p = 0.374, Co = 23.063)

By /B Vo A(Vb)  A(Vp)/Vp
1.25 0.207 (0.005)
1.20 0.223 (0.005) 0.016 0.076
1.15 0.240 (0.005) 0.017 0.076
1.10 0.258 (0.006) 0.018 0.076
1.05 0.277 (0.006) 0.020 0.076
1.00 0.299 (0.006) 0.021 0.076
0.95 0.322 (0.006) 0.023 0.076
0.90 0.346 (0.007) 0.024 0.076
0.85 0.372 (0.007) 0.026 0.076
0.80 0.400 (0.007) 0.028 0.076
0.75 0.431 (0.007) 0.030 0.075

Table 12: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (cont.)
Note that we obtain the optimal parameter combination for panel (d) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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e) Bacinello, r, = 0.02, Vp = S,
Bacinell o Vv S BéBac) BéG'ro)
(e =0.514, By = 44.964)

B BT Vo A(Vo)  A(Vb)/Vo
1.25 0.542  (0.009)
1.20 0.612 (0.010) 0.071 0.130
1.15 0.692 (0.010) 0.080 0.131
1.10 0.783 (0.011) 0.091 0.131
1.05 0.885 (0.012) 0.102 0.130
1.00 1.000 (0.013) 0.115 0.130
0.95 1.130 (0.013) 0.130 0.130
0.90 1.276 (0.014) 0.146 0.130
0.85 1.441 (0.015) 0.165 0.129
0.80 1.626 (0.016) 0.185 0.128
0.75 1.833 (0.017) 0.207 0.127

(f) Bacinello, ry = 0.02, Vp # S, B§P*® = B{®"
(a = 0.529, By = 35.004)

B /B v A(Vb)  A(Vp)/Vb
1.25 1.068 (0.013)
1.20 1.174 (0.014) 0.107 0.100
1.15 1.291 (0.014) 0.117 0.099
1.10 1.419 (0.015) 0.128 0.099
1.05 1.559 (0.016) 0.140 0.099
1.00 1.712  (0.017) 0.153 0.098
0.95 1.880 (0.017) 0.167 0.098
0.90 2.062 (0.018) 0.183 0.097
0.85 2.262 (0.019) 0.200 0.097
0.80 2.480 (0.020) 0.218 0.096
0.75 2.718 (0.021) 0.238 0.096

Table 12: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded

to three decimal places). (cont.)
Note that we obtain the optimal parameter combination for panel (f) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.
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Hansen and Miltersen, r, = 0.02, Vp = S, B(Han) BlGT)
g g 0 0
(e =10.223, v = 0.165, p = 0.304, Co = 30.432)

L A L A(Vo)  A(VD)/Vo
1.25 0.678 (0.010)
1.20 0.733 (0.011) 0.055 0.081
1.15 0.793 (0.011) 0.059 0.081
1.10 0.857 (0.012) 0.064 0.081
1.05 0.926 (0.012) 0.069 0.081
1.00 1.000 (0.013) 0.075 0.081
0.95 1.081 (0.013) 0.081 0.081
0.90 1.169 (0.014) 0.088 0.081
0.85 1.264 (0.014) 0.095 0.081
0.80 1.366 (0.015) 0.102 0.081
0.75 1.476 (0.016) 0.110 0.081

(h) Hansen and Miltersen, rgy = 0.02, Vp # S, B((,Han) = B((]Gro)
(e =10.091, v = 0.257, p = 0.700, Co = 35.004)

By /B Vo A(Vb)  A(Vp)/Vp
1.25 0.505 (0.009)
1.20 0.553 (0.009) 0.048 0.095
1.15 0.605 (0.010) 0.052 0.094
1.10 0.662 (0.010) 0.057 0.094
1.05 0.725 (0.011) 0.062 0.094
1.00 0.792 (0.011) 0.068 0.093
0.95 0.866 (0.012) 0.074 0.093
0.90 0.947 (0.012) 0.081 0.093
0.85 1.036 (0.013) 0.089 0.093
0.80 1.133 (0.014) 0.097 0.094
0.75 1.239 (0.014) 0.106 0.094

Table 12: Value of the DPO, standard error of the DPO value estimate, ab-
solute change of the DPO value, and relative change of the DPO value for a
fixed safety level or fixed reserves. Data are only displayed for Set 1 (rounded
to three decimal places). (cont.)

Note that we obtain the optimal parameter combination for panel (h) by simulating
10’000 paths. Simulation results (i.e., DPO values) are still based on 100’000 paths.



70 I Risk COMPARISON OF BONUS APPROACHES

Bibliography

Albizzati, M.-O. and H. Geman, 1994. Interest Rate Risk Management
and Valuation of the Surrender Option in Life Insurance Policies. Jour-
nal of Risk and Insurance, 61(4):616-637.

Bacinello, A. R., 2001. Fair Pricing of Life Insurance Participating Poli-
cies with a Minimum Interest Rate Guaranteed. ASTIN Bulletin,
31(2):275-297.

Bacinello, A. R., 2003. Fair Valuation of a Guaranteed Life Insurance
Participating Contract Embedding a Surrender Option. Journal of
Risk and Insurance, 70(3):461-487.

Ballotta, L., 2005. A Lévy Process-Based Framework for the Fair Valua-
tion of Participating Life Insurance Contracts. Insurance: Mathemat-
ics and Economics, 37(2):173-196.

Ballotta, L., S. Haberman, and N. Wang, 2006. Guarantees in With-
Profit and Unitized With-Profit Life Insurance Contracts: Fair Valua-
tion Problem in Presence of the Default Put Option. Journal of Risk
and Insurance, 73(1):97-121.

Barbarin, J. and P. Devolder, 2005. Risk Measure and Fair Valuation of
an Investment Guarantee in Life Insurance. Insurance: Mathematics
and Economics, 37(2):297-323.

Bauer, D., R. Kiesel, A. Kling, and J. Ruf}, 2006. Risk-Neutral Valuation
of Participating Life Insurance Contracts. Insurance: Mathematics
and Economics, 39(2):171-183.

Briys, E. and F. de Varenne, 1997. On the Risk of Insurance Liabilities:
Debunking Some Common Pitfalls. Journal of Risk and Insurance,
64(4):673-694.

Cummins, J. D., K. R. Miltersen, and S. Persson, 2007. International
Comparison of Interest Rate Guarantees In Life Insurance Contracts.
Working Paper, (available at http://ssrn.com/abstract=1071863).



BIBLIOGRAPHY 71

Gatzert, N., 2008. Asset Management and Surplus Distribution Strate-
gies in Life Insurance: An Examination with Respect to Risk Pric-

ing and Risk Measurement. Insurance: Mathematics and Economics,
42(2):839-849.

Gatzert, N. and A. Kling, 2007. Analysis of Participating Life Insurance
Contracts: A Unification Approach. Journal of Risk and Insurance,
74(3):547-570.

Gerstner, T., M. Griebel, M. Holtz, R. Goschnick, and M. Haep, 2008. A
General AssetLiability Management Model for the Efficient Simulation
of Portfolios of Life Insurance Policies. Insurance: Mathematics and
Economics, 42(2):704-716.

Grosen, A. and P. L. Jgrgensen, 2000. Fair Valuation of Life Insurance
Liabilities: The Impact of Interest Rate Guarantees, Surrender Op-
tions, and Bonus Policies. Insurance: Mathematics and Economics,

26(1):37-57.

Haberman, S., L. Ballotta, and N. Wang, 2003. Modelling and Valuation
of Guarantees in With-Profit and Unitised With Profit Life Insurance
Contracts. Working Paper (Actuarial Research Paper No. 146), (Cass
Business School, London).

Hansen, M. and K. R. Miltersen, 2002. Minimum Rate of Return Guaran-
tees: the Danish Case. Scandinavian Actuarial Journal, 2002(4):280—
318.

Jensen, B., P. L. Jgrgensen, and A. Grosen, 2001. A Finite Difference Ap-
proach to the Valuation of Path Dependent Life Insurance Liabilities.
Geneva Papers on Risk and Insurance Theory, 26(1):57-84.

Kleinow, T., 2009. Valuation and Hedging of Participating Life-
Insurance Policies Under Management Discretion. Insurance: Mathe-
matics and Economics, 44(1):78-87.

Kleinow, T. and M. Willder, 2007. The Effect of Management Discretion
on Hedging and Fair Valuation of Participating Policies with Maturity
Guarantees. Insurance: Mathematics and Economics, 40(3):445-458.



72 I Risk COMPARISON OF BONUS APPROACHES

Kling, A., A. Richter, and J. Ruf}; 2007. The Interaction of Guarantees,
Surplus Distribution, and Asset Allocation in With-Profit Life Insur-
ance Policies. Insurance: Mathematics and Economics, 40(1):164-178.

Miltersen, K. R. and S. A. Persson, 2000. A Note on Interest
Rate Guarantees and Bonus: The Norwegian Case. Working Pa-
per, (available at: http://www.actuaries.org/AFIR/colloquia/
Tromsoe/Miltersen_Persson.pdf).

Miltersen, K. R. and S. A. Persson, 2003. Guaranteed Investment Con-
tracts: Distributed and Undistributed Excess Return. Scandinavian
Actuarial Journal, 4(2003):257-279.

Mullen, K. M., D. Ardia, D. L. Gil, D. Windover, and J. Cline, 2009.
DEoptim: An R Package for Global Optimization by Differential Evo-
lution. (available at http://ssrn.com/abstract=1526466).

Price, K., R. Storn, and J. Lampinen, 2005. Differential Evolution: a
Practical Approach to Global Optimization. Springer Verlag.

Prieul, D., V. Putyatin, and T. Nassar, 2001. On Pricing and Reserving
With-Profits Life Insurance Contracts. Applied Mathematical Finance,
2001(8):145-166.

Siu, T. K., 2005. Fair Valuation of Participating Policies with Surrender
Options and Regime Switching. Insurance: Mathematics and FEco-
nomics, 37(3):533-552.

Storn, R. and K. Price, 1997. Differential Evolutiona Simple and Efficient
Heuristic for Global Optimization over Continuous Spaces. Journal of
Global Optimization, 11(4):341-359.

Tanskanen, A. J. and J. Lukkarinen, 2003. Fair Valuation of Path-
Dependent Participating Life Insurance Contracts. Insurance: Math-
ematics and Economics, 33(3):595-609.

Zaglauer, K. and D. Bauer, 2008. Risk-Neutral Valuation of Participat-
ing Life Insurance Contracts in a Stochastic Interest Rate Environ-
ment. Insurance: Mathematics and Economics, 43(1):29-40.



Part 11
A Performance Analysis of
Participating Life Insurance

Contracts

Abstract

Participating life insurance contracts are one of the most important prod-
ucts in the European life insurance market. Even though these contract
forms are very common, only very little research has been conducted in
respect to their performance. Hence, we conduct a performance analysis
to provide a decision support for policyholders. We decompose a partici-
pating life insurance contract in a term life insurance and a savings part
and simulate the cash flow distribution of the latter. Simulation results
are compared with cash flows resulting from two benchmarks investing
in the same portfolio of assets but without investment guarantee and
bonus distribution scheme in order to measure the impact of these two
product features. To provide a realistic picture within the two alterna-
tives, we take transaction costs and wealth transfers between different
groups of policyholders into account. We show how the payoff distribu-
tion strongly depends on the initial reserve situation and management’s
discretion. Results indicate that policyholders will in general profit from
a better payoff distribution of the participating life insurance compared
to a mutual fund benchmark but not compared to an exchange-traded
fund benchmark portfolio.?

I2R. Faust, H. Schmeiser, and A. Zemp. A Performance Analysis of Participating
Life Insurance Contracts. Working Papers on Risk Management and Insurance, 76,
2010.
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1 Introduction

As a consequence of the financial crisis, private investors currently seek
for safe investments with low downside risk. In this context, minimum
interest rate guarantees embedded in financial products are one option
for investors. Insurance companies offer investment products with such
a downside protection and are often perceived as safe harbor.!> The
participating life insurance (PLI hereafter) is one of the most important
products in the life insurance sector with a built in minimum interest
rate guarantee. In most European countries, these contracts are typi-
cally characterized by an embedded term life insurance, a cliquet-style
interest rate guarantee'®, and bonus participation rules with regard to
the insurer’s reserve situation (surplus fund). However, administrative
costs and complex profit distribution schemes between policyholders and
shareholders make it difficult to measure the performance of this product
from the policyholders’ point of view. We model PLI based on contract
forms offered in the German market'® and simulate the complete payoff
distribution on an ex ante basis. Subsequently, we compare the cash flow
distribution of the PLI with two passive portfolios which invests into the
same assets. We show how the payoff distribution depends on the ini-
tial reserve situation (the surplus fund in our model) and management’s
discretion.

The characteristics of PLI contracts make it difficult to measure their
performance. A PLI embeds various (explicit and implicit) options as
well as complex bonus distribution schemes between policyholders and
shareholders. In addition, an insurance company’s management has a
certain discretion with respect to some parameters. Furthermore, wealth
transfers between different groups of policyholders take place. In order to

13For example, in the German life insurance market, the estimated increase
in premium income in 2009 is 4.8 percent compared to 0.8% in 2008 (see
GDV, 2009, Beitragseinnahmen der Versicherungswirtschaft, accessed January, 2010
at http://www.gdv.de/Downloads/Pressemeldungen_2009/Tabellenanhang_PM_2009.
pdf). This increase might be mainly attributable to an increased risk aversion and/or
risk awareness following the financial crisis.

141n case of a cliquet-style interest rate guarantee, the guaranteed rate of interest
has to be credited to the policyholders’ account on a year-to-year basis.

15However, the contract forms in focus are very similar to PLI contracts offered in
other European insurance markets.
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get over these difficulties, we measure the performance of PLI contracts
from an ex ante perspective while taking embedded options, bonus dis-
tribution, and management’s discretion into account. We empirically
calibrate our model with market data and simulate various insurance
collectives to incorporate wealth transfer effects.

In previous research on PLI, we can distinguish between two major
streams of literature. The first one addresses fair pricing of participating
life insurance policies based on option pricing theory. Amongst others,
bonus distribution rules are often modeled and reproduced in this area
of research (see, for example, Grosen and Jgrgensen (2000), Bacinello
(2001), Hansen and Miltersen (2002), Haberman, Ballotta, and Wang
(2003), and Kling, Richter, and Ruf (2007)). For instance, Kling et al.
(2007) analyze the numerical impact of interest rate guarantees found in
PLI contracts on the shortfall probability of a life insurance company.
Gatzert (2008) provides a general framework for pricing and risk man-
agement of participating life insurance contracts under different assump-
tions in respect to asset management and surplus distribution strategies.
Gatzert and Schmeiser (2008) assess, in particular, the risk of different
premium payment options typically offered in participating life insur-
ance contracts. However, these fair pricing approaches generally only
work under the assumption of perfect and frictionless markets.

The second stream of literature mainly analyzes performance by
means of the internal rate of return, accounting ratios, and similar per-
formance ratios based on historical cash-flows or numerical examples
provided by insurance companies (see, e.g., Ferrari (1968) and Levy and
Kahane (1970)). However, these approaches generally ignore embedded
options and do not consider the risk-return profile of the investment. Ex-
ceptions are Waldow (2003) and Stehle, Griindl, and Waldow (2003). In
these contributions, not only one single performance ratio is derived, but
also historical cash flows of PLI contracts are compared with those of an
alternative portfolio composed of an annual term life insurance and dif-
ferent investment products. Nevertheless, as most of these performance
analyses are conducted from an ex post perspective, they can only indi-
cate whether PLI contracts were advantageous in the past. Implications
for the future, however, are limited.
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In order to get a clear picture of the performance of PLI, we decom-
pose PLI in a term life insurance and an investment part and simulate
the cash flow distribution of the investment part under the real world
measure P. Further, we create two benchmark portfolios based on the
same underlying to measure the impact of the interest rate guarantee
and the bonus distribution rules on the cash flows of the portfolio. By
calibrating our model with empirical market data, we are able to show
in which cases the interest rate guarantee and the mechanisms applied
by the insurance company can be beneficial to the policyholder. In addi-
tion, we show how the payoff distribution depends on the initial reserve
situation and management’s discretion. We do not benchmark the PLI
using a fair (risk-neutral) pricing approach, which would mean to com-
pare the observed market price with the calculated fair price, because we
believe that the underlying assumption of perfect and frictionless mar-
kets is rather not fulfilled in this context. We doubt that instruments
exist that enable policyholders to replicate the PLI's cash flows. We
think that consumers will rather judge products depending on personal
preferences and actually available alternatives. The contribution of this
paper is that we neither rely on a single performance measurement ratio
nor do we provide an ex post analysis. Instead, our framework allows a
comparison of the complete payoff distribution on an ex ante basis. This
general framework is subsequently not bonded to one specific subjective
preference scheme. Further, we model an insurance company with vari-
ous insurance collectives in order to incorporate wealth transfer effects
between different groups of policyholders. Only Hansen and Miltersen
(2002) analyzed PLI with pooled accounts before, but just for a two-
policyholders case. In addition, the influence of the initial level of the
pooled surplus fund on the performance of one single contract is ana-
lyzed. Furthermore, we examine how management’s discretion, in terms
of a change of the target rate of return, affect the payoff distribution.

Results indicate that all of the elements we incorporate have a strong
impact on payoffs and should subsequently not be neglected. We find
that if the initial level of the surplus fund is high, a PLI contract will in
general yield a better payoff distribution compared to the mutual fund
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(MF hereafter) benchmark but not compared to the exchange-traded
fund (ETF hereafter) benchmark portfolio.

The remainder of the paper is organized as follows: In Section 2, we
introduce our general framework. Results from Monte Carlo simulations
are discussed in Section 3. We conclude in Section 4.

2 Model Framework

2.1 Premium Investments on a Single Contract Basis

First, we illustrate an insurance company which has only one single in-
surance contract. We employ a discrete time model with ¢t € {1,...,T}
where ¢ determines the elapsed time since inception of the contract (in
years) and T denotes the contract’s maturity. In section 2.5, the mecha-
nism introduced for the single contract company is applied to an insurer
with more than one contract. Our model builds on PLI contracts offered
in Germany, but could be easily applied to similar regulatory frameworks
(e.g., Switzerland or Austria).

The policyholder pays a constant annual premium P;_; at the be-
ginning of each year given no previous termination of the contract by
death or surrender. The insurance company uses the amount P, ;_; of
the annual premium to cover its costs. Costs are divided into annual
operational costs and acquisition costs. The latter are allocated over the
first five years of the contract. Another part of the premium P,;_; is
needed to cover the term life insurance. The remaining amount of the

annual premium P(t 1) is invested in an asset portfolio. This savings

part of the premium P(t { features an annual minimum interest rate
rg and builds up the policyholder’s savings account Ay ;1. The process
can be modeled as

Agio1 = ZP(PLlexp (rg(t — 1)), (39)

where

Ps(Ft)LIB =P _1—FPey1— Py (40)
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The premium P, ;_; is the annual premium for a term life insurance
contract. We calculate this premium using actuarial fair premiums and
market loadings. To account for a decreasing sum insured I, the term
life insurance premium is annually adjusted so that the sum insured
equals the guaranteed death benefit D minus the accumulated savings
account:

I, =D — exp(rg)A(g7t_1).16 (41)

Given the probability ¢,4+ of a (z +t)-years old individual to die within
the next year and based on Equation (41), we calculate the annual risk
premium as

P’r,tfl = q:chtflIteXp(_rg)a (42)

under the assumption that payouts only take place at the end of each
year.!” Thereby, the guaranteed death benefit D equals the guaranteed
terminal payment as common in most PLI contracts,

D = A, r_1exp(ry). (43)

German contractual law requires that PLI product offerings explicitly re-
port the cost components of the annual premium, i.e., P.+—1. However,
the risk premium P, ;_; as well as the savings part PS(}ZEII) are usually not
shown.'® In order to calculate these two elements, we iteratively solve
for a guaranteed rate of interest r, which fulfills Equations (41), (42),

and (43).

Regarding the investment alternatives to the PLI, we denote with

PS(I?E/IB the amount which is invested annually in the benchmark port-

folios. PS(EE/? equals the annual premium P;_; minus the premium for

16Note that the premium in ¢ will not be paid if the policyholder dies or surrenders
between t—1 and ¢t. Hence, we take the savings account in ¢ —1 which increases by the

guaranteed rate of interest between t—1 and ¢, i.e., exp(rg) Ay 1—1) = A(g,1) —Pgiu).
17We provide more details on the calculation of the risk premium in the appendix.
18See Art. 2 sec. 1 of the German directive for information requirements in
insurance contracts (in German: “Verordnung iiber Informationspflichten bei Ver-

sicherungsvertriagen”, VVG-InfoV).
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the term life insurance contract P, ;1 (see Equation (42)). In addition,
front-end loads Yy as a proportion of assets invested are subtracted,

P = (1= Yu)(Pioy = Pra). (44)

In order to incorporate management and administrative fees associated
with these benchmark portfolios, an annual fee (defined as a percentage
of the total assets in t) is deducted at the end of each year.

Because we are interested in the investment result of the PLI and
not in the effect of the term life insurance, we analyze only the savings

parts of both premiums, PS(,F;EII) and PS(]?E/II)

. We assume in what follows
that the investor wants to buy a term life insurance contract in both
alternatives and hence, this part of the contract does not influence his
decision. The benchmark portfolios do not include any investment guar-
antee and, hence, the total payout in case of death can be lower than the
guaranteed death benefit D. We explicitly allow the benchmark cases to
pay a lower death benefit since we intend to measure the impact of the

interest rate guarantee and the bonus distribution rule on cash flows.

2.2 Portfolio Development

We illustrate a simplified balance sheet of an insurance company with
market value accounting in Table 13. The liability side of this balance
sheet can be divided into two different parts, the policyholders’ accounts,
Ag, Agp, and Agy as well as the surplus fund Ay. While the policyhold-
ers’ accounts are attributable to policyholders on an individual basis, the
surplus fund is attributable to all policyholders as a group. Although the
single contract company has only one policyholder, the surplus fund is
still different from the policyholders’ accounts: The surplus fund has the
function of a risk buffer. That is to say it is built up in times of high re-
turns on the asset portfolio and reduced in times of low returns. Grosen
and Jgrgensen (2000) work with a similar account, the so-called bonus
reserve, which is determined by the difference between book and market
values. Unlike the bonus reserve by Grosen and Jgrgensen (2000), our
surplus fund contains all assets which are attributable to policyholders
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Assets (market values) | Liabilities (market values)

A,: assets Ay : surplus fund

attl%“ib‘}lltizle tfé - | A, : policyholders’ savings accounts (sub-
policyholders (either

T ject to minimum interest rate guarantee)
on an individual or

collective basis)

Agp : policyholders’ distributed profits ac-
counts

Agwp : policyholders’ distributed terminal
bonus accounts

Table 13: Balance sheet of a simulated insurance company.

on a collective basis, i.e., our surplus fund consists of hidden reserves
and of provisions for premium refunds.

In what follows, we describe in more detail how the different balance
sheet accounts evolve. We assume that the insurance company invests in
a diversified portfolio of stocks and bonds and that returns on both asset
classes are independent and normally distributed.!” The percentage of
assets invested at the beginning of each year in bonds is denoted by B
(with 0 < B < 1) and the fraction invested in stocks by 1 — B. Rebalanc-
ing of the portfolio weights between bonds and stocks is performed on
an annual basis. Using an annual time interval (i.e. At = 1), earnings
eq,t on invested assets A, ;1 are given by

o2
€a,t :Ar,tfl [B (exp (,UB - TB + 0361,t> - 1)
+(1 - B) (GXP (Ms -5t 0562,t> - 1)} ;

where

Arpo1 =App1+Agi1 + Aap -1 + Aarbt—1- (46)

19In the historical time series used later on to calibrate the model, the correlation
between stock and bond returns was close to zero (p = —0.0432) and not significant
on a 5% level. As a consequence, we assume independence.
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op (0s) denotes the standard deviation of bonds (stocks). The expected
bond (stock) return is given by pp (s). The random variates €1 ; and
€2+ are drawn from a standard normal distribution. As common in (Ger-
man) PLI contracts, the minimum interest rate guarantee is granted on
a year-to-year basis and only applies to the savings part of the premium

PS(}:E?. The guaranteed minimum interest earned in period ¢ is thus

egt = (exp(rg) — 1) Ag—1, (47)

where r4 denotes the guaranteed rate of interest. In our model, the return
on the insurer’s asset portfolio e, ¢ is first used to cover this interest rate
guarantee. Subsequently, the achieved earnings on assets after covering
the guaranteed minimal interests are

st = max(ea,t — €g,t» 0) (48)

If the achieved return is insufficient to cover the guarantee, additional
capital will be required to cover the interest rate guarantee. We assume
that the insurance company is always able to cover this required amount

of capital by equity capital.2°

On the contrary, the benchmark portfolios do not involve any interest
rate guarantee or bonus distribution scheme. Earnings e;; on invested
assets Ap—1 for the benchmark portfolios are given by

0.2
ept = Apr—1B (eXP (MB - TB + 0361,15) (1-Yg) - 1)
52 (49)
+ a1 B) (e (s - 2+ osea ) (1-¥9) - 1))

2By doing so, we exclude the case of insolvency. This is reasonable in the Ger-
man regulatory framework since article 125 of the German law for insurance control
(German: “Versicherungsaufsichtsgesetz”, VAG) defines that all policyholders’ claims,
i.e., savings, distributed profit, and distributed terminal bonus accounts, should be
secured by and transferred to a guaranty fund in case of insolvency. The safety fund
continues the contracts as before.



82 II PERFORMANCE ANALYSIS OF PLI

where Yp (Ys) are annual fees (in percent) for the bond (stock) fraction
of the portfolio. The bond fraction is given by B, the expected returns by
up (ps), and the volatility by o (0s). The random variates €1 ; and €3,
are the same as those used for the return of the PLI (see Equation (45)).

Based on Equation (49), the invested assets amount Ap;_; of the
benchmark portfolios evolves according to

(M) ift=1
Apr1 =

50
S (Pﬁﬁ?ﬂb,t,l) if 1> 1. (50)

Considering Equations (49) and (44), it becomes clear that the bench-
mark portfolios have another cost structure than the PLI. While costs
regarding the PLI contract are charged in absolute values in terms of an-
nual operational costs and acquisition costs (i.e., P, ;—1), the benchmark
portfolios involve front-end loads and annual fees in percent (i.e., Yy,
Yp, and Ys). In order to understand why cost structures are different,
the different business models of an insurance and an investment com-
pany need to be considered. An investment company which sells mutual
or exchange-traded funds generates profits by means of front-end loads,
back-end loads, and management fees. On the contrary, an insurance
company has a different business model and, therefore, various other
sources of income (i.e., risk profits). Besides, the costs of the PLI do
usually not coincide with asset management costs since marketing and
other operational costs are also included. Hence, even if asset manage-
ment fees in the insurance and the investment company were the same,

total costs would be different.

2.3 Bonus Distribution

If the PLI’s earnings on assets are positive after covering the interest rate
guarantee, i.e., e;; > 0, the remaining profit is distributed to the surplus
fund Ay, to shareholders in form of dividends, and to the insurer’s equity
capital (retentions of earnings). The fraction F will be allocated to the
surplus fund (i.e., the policyholders on a collective basis). Then, f; is
the absolute amount that is distributed to the surplus fund,
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0 ifes; =0
Feg, ifesy >0

fi= (51)
under the constraint that 0 < F' < 1. The remaining fraction (1 — F) is
distributed to equity capital or paid out as dividends.?!

In participating policies, the insurance company is obligated to give
policyholders a share in profits. The surplus fund Af provides an inter-
mediate mechanism with the goal to stabilize returns to policyholders
over time. We introduce a decision rule based on the framework pre-
sented in Kling et al. (2007) in order to establish a bonus distribution
mechanism in our model.?? The insurance company defines a certain
target rate of interest r, > ry which is planned to be granted to the
policyholders’ accounts annually in order to maintain returns for policy-
holders stable. This target rate of interest is given to the policyholders
as long as the surplus fund quota Q; = Af;/A, ; stays within a defined
range [QF, QY]. Let Q. be the surplus fund quota after distributing
the amount f; to the surplus fund Ay but before distributing profits to
individual accounts (i.e., Agp and Aup),

Qzt = (Ap1+ f1)/Ags. (52)

In addition, let e, ; be the additional amount which is required to achieve
the target rate of interest after covering the interest rate guarantee,

e+ = (exp(ry) — 1) (Ag -1+ Adapt—1 + Adtbt—1) — €g.¢- (53)

21Art. 4 sec. 3 of the German directive for minimum premium refund in life
insurance (in German: “Mindestzufiihrungsverordung”, MindZV) states that at least
90% of the creditable asset returns (less actuarial interest) need to be allocated to the
provision for premium refunds. On the basis of this article, the legal quote of 90%
remains in our model framework even though we do not consider any equity capital.
Profits are distributed to shareholders as they provide, for instance, the interest rate
guarantee and solvency capital.

22Kling et al. (2007) use the respective decision rule in a similar context. However,
their quota is calculated by means of hidden reserves and the book value of liabilities.
As our portfolio is composed differently, we calculate our quota based on the surplus
fund and the policyholders’ savings accounts. This quota retains the idea that reserves
are built up in times of high returns and reduced in times of low returns in order to
smooth the result and the contract’s participation.
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In order to maintain returns to policyholders stable on a year-to-year
basis whenever possible, the target rate of interest r, generally applies
to all accounts which are attributable to policyholders on an individual
basis even though the interest rate guarantee only applies to the savings
account.

Finally, we define z; as the bonus distributed to individual policyhold-
ers based on our decision rule. Four different cases can be distinguished
which determine how much bonus z; is distributed to individual policy-
holders’ accounts (after distributing the amount f; to the surplus fund):

- If crediting the target interest e, ; leads to a surplus fund quota
above its upper limit QY, the amount leading to a surplus fund
quota at its upper limit is distributed.

- If distributing the target interest e, ; leads to surplus fund quota
between its upper and lower limit, the target interest is granted.

- If crediting the target interest e, ; leads to a surplus fund quota
below its lower limit Q¥, the amount leading to a surplus fund
quota at its lower limit is distributed.

- No additional bonus is distributed if the surplus fund quote is
already below its lower limit Q¥ before the distribution of any
bonus.

Formally, this can be expressed as follows:

(Qut — Qu)Agy if QY < Qut — €z t/Agt

€.t if QF < Quy — es1/Ags < QY

2 =19 Qo —QL)Agr QY —e.1/Agr < Qo —e21/Agy  (54)
and Qu ¢ — €z¢/Ag < Qr

0 if Q. < QF,

given that the surplus fund after the distribution of profits is

A =Ape 1+ fr — 2. (55)
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In this context, z; stands for the profit distribution assigned to policy-
holders on an individual basis in addition to the minimum interest rate
guarantee.23

These profits are allocated between the policyholders’ terminal bonus
accounts Agp+ and the policyholders’ distributed profits account Agy, ;.
We assume that a percentage M (with 0 < M < 1) of z; should be
distributed to Ags . Hence, the policyholders’ terminal bonus accounts
evolve as follows:

Mz ift=1
Adtb,t = (56)
Adtb,tfl + Mz ift>1.

The remaining amount of z; is allocated to Agp:. In addition, Agp ¢ in-
creases by annually distributed profits on expenses d; since policyholders
do not only participate in high asset returns but also in an improved cost
situation (i.e., if actual costs are lower than those charged).?* Thus the
distributed profits account develops according to

dp,t =
n Adp,t—l + (1 - M)Zt +d; ift>1.

2.4 Cash Flows

We distinguish between three possible events which lead to a payoff to
the policyholder (or his heirs respectively). Namely, surrender of the
policy before maturity, death before maturity, or survival until maturity.
In case of death between ¢t — 1 and ¢, policyholders (or rather their heirs)

23In order to understand the intuition behind Equation (54), recall Equation (52)
and the definition of the surplus fund quota (Q+ = Ay ¢/Ag +). The first condition in
Equation (54) can be transformed to QU < Quyt —ez,t/Agt & QU < (Af i1+ ft—
ez,t)/Ag,t. This equals the definition of the surplus fund quota with the exception
that e, ; is used to calculate the quota instead of z; (cf. Equation (55)). Hence, the
first condition just describes the case in which crediting the target interest e. ; would
lead to a surplus fund quota above its upper limit QU.

24See Art. 4 sec. 5 of the German directive for minimum premium refund in life
insurance (in German: “Mindestzufithrungsverordung”, MindZV).
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receive the total amount on their accounts, i.e., their savings accounts?®,
their distributed profits accounts, and their distributed terminal bonus
accounts,

PayOHt,dcath = eXP(rg)Agi—l + Adp,t + Adtb,b (58)

In addition, policyholders’ heirs would receive the sum insured of the
term life insurance contract (see Equation (41)). However, since we are
interested in the investment result of the PLI and not in the effect of the
term life insurance, we do not include this cash flow in our subsequent
analysis.

If a policyholder cancels his policy between ¢t — 1 and ¢, he receives
the amount on his savings account, on his distributed bonus account,
and the fraction 0 < W < 1 of his distributed terminal bonus account.
The policyholder, in general, does not receive the total amount on his
distributed terminal bonus account,

PayOﬁt,Surrender = eXp(?"g)Ag,t_l + Adpﬂf + WAdtbat' (59)

Finally, if a policyholder continues the contract until maturity, the
insurer pays the total amount of his different accounts. As we employ
a discrete time model, death and cancellation between T'— 1 and T are
assumed to lead to equal payoffs at maturity,

PayOﬁmaturity = eXp(’/‘g)A%T_l + AdPaT + Adtb7T' (60)

Unlike the PLI contract, the benchmarks do not differentiate between
death of the policyholder, surrender, and survival until maturity. Hence,
the current value of the respective benchmark portfolio is paid out in all
three possible events,

PayOﬁt,benchmark = Ab,t—l + €ept- (61)

25 As already mentioned, in the case of death or surrender of the insured between
t — 1 and ¢, no premium in ¢ is paid by the policyholder. Hence, the policyholders’
savings account subject to the minimum interest rate guarantee in ¢ is given by

exp(rg)Ag.i—1 = Ag — P
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Consequently, there is not any explicit surrender charge. However, there
is an implicit surrender charge since front-end loads are distributed over
less periods and, therefore, loads are higher in percent.

2.5 Modeling the Insurer’s Portfolio

After introducing our model for a single contract insurance company, we
apply it to an insurance company with more than one contract. We sim-
ulate a life insurance company’s underwriting portfolio with 7" insurance
collectives. The contract duration is the same for all collectives (T years)
but the different collectives vary in their remaining time to maturity.
Each insurance collective is homogeneous, i.e., contains policyholders of
same age and mortality whose contracts have the same remaining time
to maturity. The insurance company starts with one single insurance col-
lective at point in time 0. Then, every year a new collective is initiated.
After T — 1 years, T collectives exist. From then on, every year one new
collective is initiated with T years to maturity and one is terminated so
that there will always be T insurance collectives. The basic mechanisms
introduced remain the same. However, there is only one surplus fund

account Ay for all contracts whereas the policyholders’ accounts (Agi)7

(7)
A9

individually attributable to the policyholders, we introduce a mechanism

and A((i?b) remain on an individual basis. As the surplus fund is not

in order to distribute the amount z; source-related.

Given n policyholders, each policyholder i participates in profits dis-
tributed additionally to the minimum interest with

(@) (1) (4)
Z(i) _ Ag,t—l + Adp,tq + Adtb,t—l -
¢ Agi 1+ Adpr1 + Aapi1 |

(62)

whereas



88 II PERFORMANCE ANALYSIS OF PLI

Agt-1= Z Ag?t_l,
i=1
Adp,tfl :ZAézt_l,and (63)
i=1
Adtb,t—1 :ZAz(ii)b,t—l'
i=1

Based on Equation (63), Equations (52), (53), (54), and (55) do not
change. However, in order to calculate distributions to individual ac-
counts (Aé?tfl7 A((iigvt_l, and A((i?b,t_lL Equations (39), (56), and (57)
change, given the definition in Equation (62), to

t
i i,PLI .
Ay = D P Ve (gt — ) (64)
j=1
(%) Mzt(i) ift=1
Agps = A0 Y RONTNG (65)
dtb.t—1 T Mz itt>1,
@) (1= M)z +df” ifr=1
dp,tfl—"_(l_M)Zt +dt ift > 1.

One additional difference between the previously introduced single
contract company and the various insurance collectives has to be noted,
namely that with more than one contract cash outflows occur every year
based on how many members of each collective die or cancel their pol-
icy.28 If one policyholder i surrenders, the amount on his terminal bonus
account which is not paid out (1 — W)Agl?b,t is distributed to the joint
surplus fund A;. Hence, policyholders profit from the cancellation of
others. In our numerical analysis, we will focus on single contracts out
of the T collectives given the surplus fund in order to analyze payoffs
obtained by individual policyholders.

26In the single contract company, only one cash flow will occur after which the
insurance company ceases to exist (as the single contract was paid out).
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3 Numerical Analysis

3.1 Model Calibration

We apply our model to contracts with a maturity of twelve years (T =
12).27 We assume that policyholders start premium payments at the
beginning of age 53 so that they would receive their survival benefit
at the beginning of age 65 (retirement). We use the current mortality
tables, loadings of 34% (so called first order mortality), and probabilities
of cancellation published by the German Actuary Association.?® The
data provided by the German Actuary Association typically serves as

the basis of product calculation of German life insurance companies.
We base our contract parameters on the actual offering of a German
life insurance company.?? The policyholder pays an annual premium
of P,_1; = 5000€ and has a guaranteed death benefit of D = 61491€.
Annual profit on expenses are estimated to be d; = 50.74€. Acquisi-
tion costs of 1487.70€ are allocated over the first five years. Annual

administrative costs are 202.97€. Hence,
{500.51@ ift<5
ert—1 = , (67)
202.97€ift > 5

The guaranteed death benefit and the guaranteed terminal payment are
equal (ie., D = Ay r_1exp(ry)). To achieve this, the minimum interest
rate needs to be set to 7, = 2.20% (cf. Section 2.1).3° Based on this
calibration, Table 14 provides an overview on the composition of the in-

27PLIs in Germany feature tax benefits if the duration of the policy is at least 12
years (Art. 20 sec. 6 no. 2 of the income tax law (in German: “Einkommenssteuerge-
setz”, EStG).

28DAV, 2008, Raucher- und Nichtrauchersterbetafeln fiir Lebensversicherungen mit
Todesfallcharakter and DAV, 1995, Stornoabziige in der Lebensversicherung, DAV-
Mitteilung Nr. 5. We use the DAV 2008 T mortality table.

29We used a contract offered by the HUK Coburg (cf. www.huk.de). The infor-
mation used for our simulation in respect to the contract calibration are publicly
available.

30This number is close to the current maximum permitted actuarial interest rate of
2.25% under the German law (Art. 2 sec. 1 of the German directive for the calculation
of policy reserves (in German: “Deckungsriickstellungsverordnung”, DeckRV)).
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surance premium including the calculated risk premium and the savings
part of the premium.

To obtain estimates for volatility and drift of the asset portfolio, we
use monthly data from January 1990 to December 2009 of German Fed-
eral Securities with a remaining time to maturity of 10 years®' and a
Euro countries based stock index (MSCI EMU total return index), i.e.,
ps = 6.74%, og = 19.00%, up = 3.50%, and op = 0.47%.32

We reduced the drift for bonds from 5.45% to up = 3.50% in or-
der to account for the current low interest rate environment. The drift
up we apply equals the return on German Federal Securities as of De-
cember 2009. As the stock ratio in insurance companies’ portfolios is
approximately 8.5%33, we apply a stock ratio of 1 — B = 8.5% and a
corresponding bond ratio of B = 91.5%.

We assume that each insurance collective consists of n = 10’000 con-
tracts and simulate 100’000 paths. The initial surplus fund is assumed
to be Afinitiation = 0. We set the fraction distributed to the surplus
fund to F' = 90% which is the minimum amount that has to be credited
to policyholders according to German law (legal quote).?* We assume
that a percentage M = 10% of the profits which are to be distributed to
the policyholders are distributed to their terminal bonus accounts. This
is close to what we observe on average in the German market.?® As ter-
minal bonus payments aim at motivating policyholders to continue their

31We use the time series WZ3409 as published by the German central bank
and available at http://www.bundesbank.de/statistik/statistik_zeitreihen.
php?lang=de&open=zinsen&func=row&tr=Wwz3409.

32The MSCI EMU covers the European Economic and Monetary Union. We use
this Euro countries based index because the German directive for investments (in Ger-
man: “Anlageverordnung”, AnlV) requires that the currencies of assets and liabilities
match (congruency rule).

33GDV, 2008, Kennzahlen zur Kapitalanlage der Versicherer. Accessed
February 2010 at http://www.gdv.de/Downloads/Veranstaltungen_2008/
KAPLV_2007_Ko11_2008.pdf.

34cf. Art. 4 sec. 3 of the German directive for minimum premium refund in life
insurance (in German: “Mindestzufithrungsverordung”, MindZV)

35In Germany, terminal bonus payments policyholders receive are between 5.25%
and 30.68% of total interest earnings with an arithmetic mean of 13.27% (see As-
sekurata, 2010, Marktstudie 2009: Die Uberschussbeteiligung in der Lebensver-
sicherung, accessed January, 2010 at http://www.assekurata.de/content.php?
baseID=130&dataSetID=703). For simplicity, we assume that 10% of annual dis-
tributed profits are distributed to the terminal bonus account.
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contract until maturity, we assume that only W = 50% of the terminal
bonus account is paid out in case of cancellation. For our surplus fund
quota, we use the bounds [Q¥, QY] = [2.5%,7.5%)]. Unless otherwise
stated, we apply a target rate of interest r, = 3.5%.

We consider two benchmark portfolios: A mutual fund (MF) and
an exchange-traded fund (ETF). Both are very common investment al-
ternatives for private investors but involve different transaction costs.
Thereby, the ETF benchmark is a kind of extreme case due to its low
fees. We calculate fees for these benchmark portfolios based on fees re-
ported by Khorana, Servaes, and Tufano (2007) for MF's sold in Germany
and based on calculations provided by the Frankfurt Stock Exchange for
ETFs3¢. Thus, we apply annual fees of Y € {0.91%,0.17%} for the
bond fraction, Yg € {1.47%,0.17%} for the stock fraction, and averaged
upfront fees of Yy € {3.22%,0.36%}, whereas the first element stands for
the fees associated with the MF and the second with the ETF portfolio.

3.2 Surplus Fund

Besides the function of stabilizing profits over time, the surplus fund is
also an additional source of interest income for policyholders. If a policy-
holder enters an insurance company possessing a high amount of assets
in the surplus fund, this policyholder will profit from interest earnings
of a surplus fund which was built up by others. On the other hand, if
the policyholder enters a contract when the surplus fund is comparably
low, he will tend to build it up whereof future policyholders will profit.
Hence, there is a kind of cross-subsidization between policyholders. Thus,
from a policyholder’s perspective, the level of the surplus fund is crucial.
However, individuals who enter a PLI contract do in general not know

36See http://www.boerse-frankfurt.de/DE/MediaLibrary/Document/Sonstiges/
etf_handbuch.pdf.
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whether the surplus fund of the respective insurance company is rather
stable or not.37

Figure 5 shows how the surplus fund develops on average over time in
our sample case. The dashed lines provide the lower and upper bounds
in each year, which are constant in our setting once the 12th insurance
collective has been set up. Based on the convergence behavior observable,
we analyze contracts with three different starting points. Contract 1
starts at point in time 0 when the surplus fund is empty (A7 initiation = 0)-
Contract 2 is established at the end of the 12th year when 12 collectives
exist and the surplus fund has partially been built up. At point in
time 24, when the surplus fund is rather stable, contract 3 is initiated.
Each contract (contract 1, contract 2, contract 3) refers to one single
policyholder in the collective of 10°000.

Costumers benefit if they enter when the surplus fund has already
been built up (contract 3). Then they will (on average) earn interest
on assets others paid for and do not have to pay for assets which others
will benefit of. Certainly, it is less beneficial if policyholders still have
to build up the surplus fund (contract 1, contract 2). However, entering
the contract when the surplus fund is greater than zero (contract 2),
the policyholders might still profit from this mechanism due to earnings
provided by assets already in the surplus fund.

In Table 15 to 18 we provide descriptive statistics of the payoff dis-
tribution of contract 1, contract 3, and of the two benchmark portfolios
(MF and ETF). As results for contract 2 are just between those of con-
tract 1 and 3, they are omitted and are available upon request. Reported
results are for all T" periods conditional upon being paid out during the
respective period. The last column gives the probability of payout in
each period. That is to say, Table 15 to 18 show expected payoffs a
single policyholder would receive if he died or surrendered during the

37In order to gather an indication of the current level of the surplus fund, poli-
cyholders could analyze the balance sheet of the insurance company. However, the
balance sheet might only provide information on book values but not on the required
market values. Hence, a policyholder would need a high level of financial literacy in
order to be able to derive implications on the actual level of the surplus fund.
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respective period whereas the corresponding probability (sum of proba-
bility of death and probability of surrender) is shown in the last column.
Regarding the contract’s mean payoff, the life insurance payouts are
dominated by the MF in most periods. Only in the last three periods,
the mean payoff of contract 3 is higher than the one of the MF. However,
as the last three periods cover 73.7% of all cases, the mean is in favor
of PLI contract 3 in the most likely periods. On the other hand, the
relative difference is much higher in the first periods than in the last
periods. In period 1, the mean payoff of contract 3 is 8.371% lower than
the one of the MF but only 2.489% higher in the last period. Comparing
median payoffs yields the same structure. Concerning contract 1, mean
and median are worse compared to the MF benchmark in all periods.

Although some investors might be more concerned with the mean of
the payoff distribution, others may care more about the distribution’s
dispersion and its shape, i.e., standard deviation, skewness, and kurtosis.
Concerning the standard deviation, the MF always shows higher values
than the different PLI contracts. Looking at the third and fourth mo-
ment, contract 3 has a higher skewness and a higher kurtosis than the
MF during all periods. Contract 1 possesses a higher skewness in peri-
ods 2 to 7 and a lower kurtosis in periods 5 to 11 compared to the MF.
However, it is not possible to draw general conclusions about possible
preferences solely based on these moments.

Besides considering the first four moments and the median, Table 15
to 18 also report the 5%, 25%, 75%, and the 95% quantile. All reported
quantiles are higher for the MF than for contract 1. This suggests that
contract 1 is — at least down to the 5% quantile — dominated by the MF
benchmark for all periods. Concerning contract 3, all quantiles are lower
than those of the MF in early periods (1 to 8). However, from period 9
on, the 5% and the 25% quantile of contract 3 and from period 11 on
the 75% and the 95% quantile contain higher payoffs compared to the
MF portfolio. This supports results reported with respect to the mean
payoff, namely that contract 3 appears to be favorable in late periods.

The ETF dominates PLI contract 1 and 3 as well as the MF bench-
mark concerning mean payoffs and all reported quantiles. The standard
deviation of the ETF portfolio is higher whereas skewness and kurtosis
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are approximately the same like those of the MF. The higher standard
deviation of the ETF in comparison to the MF benchmark can be ex-
plained by the higher mean and quantile values of the payoff distribution
which are caused by the comparably low transaction costs.

In order to clarify results with respect to the last period which ac-
counts for more than 70% of all outcomes, we illustrate the payoff distri-
butions (histograms) of the PLI contracts and the benchmark portfolios
for period 12 in Figure 6. The figure shows how peaked the PLIs’ payoff
distributions are compared to the MF and the ETF. The payoff distri-
bution of the ETF is very similar to the one of the MF but is shifted to
the right due to the lower transaction costs. Comparing contract 1 and
3 shows that the payoff distribution of contract 1 is shifted to the left
with a lower upside potential.

To summarize, the payoff distribution of the PLI depends on the
level of the surplus fund at inception of the contract. If the surplus
fund equals 0 when the contract is started (contract 1), the payoff dis-
tributions of both benchmark portfolios dominates the one of the PLI
contract in all quantiles reported. If the surplus fund at inception is
high (contract 3), the payoff distribution of the MF dominates in early
periods but is dominated later on (with regard to the quantiles reported).
Hence, survival until maturity without surrender appears advantageous.
However, results reported suggest that the ETF portfolio might be most
beneficial as it dominates all PLI contracts with regard to mean and all
quantiles analyzed.
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3.3 Management’s Discretion

Our previous results have shown that the surplus fund has an important
impact on the payoff distribution. However, we assumed parameters
to be constant and differences with respect to the different contracts
were caused by the initial level of the surplus fund. In what follows, we
analyze the effects of management’s discretion with regard to contract
3. We examine the effect on the PLI’s payoff distribution if management
changes the target rate of interest directly after the policyholder’s first
premium payment. We focus on an increase of the target rate to r, =
4.0% and a decrease to 7, = 3.0%.

Similar to Figure 5, Figure 7a and 7b show how the surplus fund
develops on average over time given the change of the target rate of
interest in year 24. The dashed lines provide the lower and upper bounds
in each year, the dotted line displays the level of the surplus fund given
no change in the target interest rate. If the target rate increases to
r, = 4.0%, the surplus fund first decreases and then stabilizes at a lower
level. On the contrary, with a decrease to r, = 3.0%, the surplus fund
first increases and then stabilizes at a higher level. Figure 7c and 7d
show the payoff distribution in the last period (similar to Figure 6). The
dotted line denotes the density function given no target rate change.
Both rate changes, r, = 3.0% and r, = 4.0%, lead to a much less peaked
payoff distribution compared to the contract without a change of the
target rate. In addition, the rate change to r, = 3.0% causes the payoff
distribution to be more skewed than the change to r, = 4.0%.

In Table 19 and 20 we provide descriptive statistics of the payoff
distribution of contract 3 with the target return increase and decrease.
Reported results are for all T periods conditional upon being paid out
during the respective period. The probability of payout in each period
is denoted in the last column.

The target rate increase to r, = 4.0% results in a higher mean, a
higher median, a lower kurtosis, and a lower skewness in all periods
compared to the constant target rate. The standard deviation with the
increased target rate is lower in periods 1 to 3 and higher in periods 4
to 12. The 5% and the 95% quantile are higher for the contract with
the constant target rate (except for period 1). On the contrary, in most
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periods the 25% and the 75% quantile are higher for the contract with
the changed target return. Hence, the target rate increase to r, = 4.0%
appears to be beneficial around the expected payoff, i.e., between the
25% and the 75% quantile. However, the higher target rate results in a
lower upside potential as the equilibrium level of the surplus fund gets
closer to the lower bound. Subsequently, the probability to reach the
upper bound of the surplus fund and thus the probability to receive
return attributions which are higher than r, are reduced.

The decrease of the target rate of interest to r, = 3.0% leads to a
lower mean, a lower median, a higher standard deviation, and a lower
kurtosis in all periods. The 5% and the 25% quantile are lower for the
decreased target rate (except for period 1). On the contrary, the 75%
quantile is higher from period 6 to 12 and the 95% quantile is higher
for all period except for period 1. Thus, the decreased target rate of
interest leads to a higher upside potential as the equilibrium level of the
surplus fund gets closer to the upper bound. However, the lower target
rate leads to lower expected payoffs.

These results let us draw two conclusions. First, management’s dis-
cretion has an important influence in respect to the payoff distribution.
Second, it depends on policyholders’ (time and state) preferences if a
change of the target rate is found beneficial or not. While expected pay-
offs increase with an increase in the target rate, a reduction leads to a
higher upside potential in later periods.
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3.4 Performance Measurement

Next, a preference dependent valuation of the different investment op-
portunities is derived based on the payoff distributions shown. In order
to do so, assumptions regarding the state and time preferences of the
policyholder are needed. In this subsection, we assume that whenever
payments take place before the end of maturity T' (because of surrender
or death of the investor), the corresponding cash-flows are reinvested
and compounded with the annual minimum interest rate r,. This yields
one single cash flow distribution Ly at time T for each investment al-
ternative. We provide descriptive statistics of the payoff distribution
Ly of the different investment alternatives in Table 21. Regarding the
mean payoff, the median, and the different quantiles shown in Table 21,
the ETF benchmark leads to the highest payoffs compared to all other
alternatives.

The premiums paid into the different saving products (i.e., after de-
taching the term life insurance) are the same for all alternatives: P;_; —
P, 1. Compounding the premium payments (P,_1 — P.;_1) with the
interest rate ry, while taking surrender and survival probabilities of the
policyholder into account, leads to a (deterministic) terminal value of pre-
mium payments of Y7 = 55518. As it is done in Gatzert and Schmeiser
(2009), we perform a comparison of the four different cases by using mod-
ified forms of three different classical performance measures. First, an
adaption of the Sharpe ratio (see Sharpe (1966)) can be defined in the
following way:

E(Ly)—Yr
o(Lr)

For instance, in the case of the ETF benchmark portfolio, this will
lead to

Sharpe ratio(Ly) = (68)

60527 — 55518
Sharpe ratio(Lr) ~ s~ 0.238 (69)

Following Gatzert and Schmeiser (2009), a modified form of Omega
and the Sortino ratio can be defined by (see Shadwick and Keating
(2002), Sortino and van Der Meer (1991))
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Contract type Sharpe ratio Omega Sortino ratio

PLI contract 1 -0.057  -0.132 -0.056
PLI contract 3 0.109 0.285 0.108
MF 0.019 0.048 0.019

ETF 0.238 0.688 0.231

Table 22: Modified performance measures for the valuation of four dif-
ferent investment opportunities

_ E(Ly)-Yr
Omega(lr) = g Ve = Lr.0)) (70)
and B(L v
Sortino ratio(Ly) = (Lr) — Yo (71)

\/E (max (Yr — Ly, 0)2) |

Table 22 provides an overview of the different performance ratios
of the four investment opportunities in focus. The used performance
measurements of the investment alternatives give a clear picture: The
contract type ETF dominates all other investment forms analyzed. PLI
contract 3 dominates MF and PLI contract 1, whereas contract 1 is dom-
inated by all other alternatives. In addition, we further tested for first
degree stochastic dominance (FSD).3® In our simulation results, a FSD
is only given for investment form ETF in comparison to PLI contract
1. More precisely, let F; denote the cumulative distribution function of
L(TCI) (PLI contract 1) and let Fy stand for the cumulative distribution
function of L%ETF) (ETF portfolio). Then L;ETF) dominates L(TCD by
FSD since Fy(z) > Fp(x) for all z and Fy(x) > Fs(z) for at least some
x. Performance ratios are best for the ETF portfolio and worst for PLI
contract 1 as already indicated by our previous results. Further, perfor-

38See Bawa (1975).
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mance ratios for PLI contract 3 are higher than for the MF portfolio.
Hence, PLI contract 3 appears to be superior to the MF portfolio given
our underlying assumptions about preferences.

To conclude, the ETF benchmark portfolio appears to be the best
choice due to the low transaction costs. On the other hand, if the surplus
fund is already built up, the PLI tends to perform better than the MF
benchmark.

4 Conclusion

PLI contracts are popular - especially in the context of old-age provisions.
This popularity might be to a large extent attributable to the downside
protection. However, it is controversial if these products are actually
beneficial for policyholders. More precisely, even though these contract
forms are very common in insurance practice, only very little research
has been conducted in respect to their performance in comparison to
feasible investment alternatives. In this paper, we develop, in a first
step, a framework to estimate payoffs from PLI contracts from the point
of view of policyholders. We decompose PLI into an investment part
and a term life insurance. Thus we are able to analyze the benefits
of the minimum interest rate guarantee in combination with the profit
distribution rules separately from the term life insurance. In addition,
we model more than one single contract which allows us to incorporate
distribution effects between policyholders. In a second step, we simulate
the payoff distributions and benchmark the complete payoff distribution
on an ex ante basis. We show how the payoff distribution depends on
the level of the surplus fund at inception of the contract and analyze the
effect of management’s discretion.

We show that PLI can be beneficial to policyholders depending on
the initial reserve situation. A low initial reserve situation of the insurer
appears to be disadvantageous. Individuals continuing their contract
until maturity without death or surrender will in general profit from a
better payoff distribution compared to the MF benchmark portfolio but
not compared to the ETF benchmark portfolio. Our preference depen-
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dent performance analysis shows that, in most cases, an ETF portfolio
will perform better than each possible PLI contract if taxes are ignored.
If taxes are accounted for, the PLI could perform better than the ETF
benchmark but this will always depend on a specific investors marginal
tax rate. However, if the surplus fund is already built up, the PLI tends
to perform better than the MF benchmark.
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Appendix

A  Annual Term Life Insurance Premium

The following formulas illustrate briefly how the annual term life insur-
ance premium can be calculated. The insured sum I; in year ¢ equals
the guaranteed death benefit minus the accumulated savings account at
the end of year ¢,

I; =D — Ay _1exp(ry).

Recall the formulas for the savings part of the premium and the
accumulated savings account:

P\S(,lzI_JIl) =P - Pc,t—l - Pr,t—l

and

(PLI .
Agi— 1—2 s, 1)exp (rg(t —1)).

Given the probability g,1+ of a (z + t)-years old individual to die
within the next year, the term life insurance premium is (assuming that
payouts only take place at the end of year t)

Pri—1 = quye—11rexp(—ry).

Insertion yields

P 1= Qm+t—1IteXP(_7“g)
= Qo+t—1 (D — Ag—1exp(rg)) exp(—ry)
= Gutt—1 (Dexp(—ry) — Agi—1)
= Qurt—1 (Dexp(—ry) — (Ag—2exp(ry) + P — Pey—1 — Pry—1))

= # (Dexp(—rg) — (Agt—2exp(rg) + P — Pei—1)).
— Qx+t-1
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Under the constraint that the guaranteed death benefit equals the guar-
anteed terminal payment,

D = Ay r_1exp(ry).
Thus

Pr,t—l = M (Ag,T—l - (Ag,t—QeXp(Tg) + P — Pc,t—l)) .
1—quyt—1
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Part ITI
Comparison of Stakeholder
Perspectives on Current
Regulatory and Reporting
Reforms

Abstract

In the European insurance industry, regulatory and reporting frame-
works are currently subject to far-reaching reforms. We focus on four of
these frameworks, namely the Solvency II framework, insurance guaranty
systems, the proposed IFRS 4 Phase II international accounting stan-
dards, and Market Consistent Embedded Value reporting. We present
these frameworks, analyze them from different stakeholder perspectives,
and compare and contrast them. Our analysis implies that the four
frameworks need to be considered jointly rather than separately, due
to various interrelations and interactions. We argue that a coordinated
introduction will be necessary to ensure that the regulatory burden is
reduced and synergies can be utilized in the event of all four frameworks
being implemented as planned. Furthermore, we propose a more holistic,
comprehensive approach to insurance reporting and regulation in order
to achieve regulatory goals.3?

39J. Wagner and A. Zemp. Comparison of Stakeholder Perspectives on Current
Regulatory and Reporting Reforms. Working Papers on Risk Management and In-
surance, 88, 2011.
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1 Introduction

Currently, regulatory and reporting frameworks in the European insur-
ance industry are undergoing various far-reaching reforms. In general,
solvency measurement and solvency requirements appear to be the main
are of focus, for instance with the European Solvency II framework. How-
ever, in addition to common capital standards, the European Union
currently faces the need to harmonize other regulatory frameworks to
a certain degree. The Committee of European Insurance and Occupa-
tional Pensions Supervisors (CEIOPS) (2009) specifies three other ele-
ments which need to be reconsidered as a consequence of the financial
crisis: insurance guaranty schemes’, information to policyholders, and
common reporting formats.

In this paper, we present four key European insurance-related regula-
tory and reporting frameworks which are currently subject to important
reforms. We focus on the Solvency II framework, insurance guaranty sys-
tems, the proposed IFRS 4 Phase II international accounting standards
(as of July 2010), and Market Consistent Embedded Value (MCEV) re-
porting. We analyze these four frameworks from different stakeholder
perspectives and compare and contrast them.

The first framework considered, Solvency II, is expected to be imple-
mented by the end of 2012 (European Union, 2009). Solvency II adopts
an enterprise risk management approach and takes into account the risk
profile of the entire insurance company. It consists of three pillars. The
first pillar prescribes capital requirements, the second pillar defines quali-
tative requirements, and the third pillar focuses on supervisory reporting
and public disclosure. Solvency II builds on the Solvency I framework
which was introduced in 2004.

Secondly, insurance guaranty systems provide last-resort protection
to policyholders in the event of the default of an insurance company (see,
e.g., Oxera, 2007). In a White Paper on insurance guaranty systems, the

40Similarly, the European Commission has announced that it would review the
adequacy of existing guaranty schemes in the insurance sector as a response to the
financial crisis (see the European Commission’s online portal http://ec.europa.eu/
financial-crisis).
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European Commission (2010b) proposes the introduction of a directive
to ensure that all Member States of the European Union have in place an
insurance guaranty system meeting certain minimum requirements. Cur-
rently, only 12 out of the 30 EU-EEA countries have insurance guaranty
schemes in place (European Commission, 2010b).

The third framework, IFRS 4 Phase II, is a planned set of reporting
standards defining how to recognize, measure, and disclose insurance
contracts (IASB, 2010b). These new reporting standards take a market
value-based or risk-based approach to insurance companies. An exposure
draft of IFRS 4 Phase II was published in July 2010. The standard is
based on IFRS 4 Insurance Contracts, which was introduced in 2004.

Fourthly, the Market Consistent Embedded Value (MCEV) Princi-
ples (CFO Forum, 2009b) were published in June 2008 and are expected
to be implemented from 31 December 2011 onwards. They are intended
to harmonize embedded value reporting in Europe. The MCEV princi-
ples are based on the European Embedded Value (EEV) Principles (CFO
Forum, 2004).

In the first step, the four regulatory and reporting frameworks are pre-
sented. We provide a brief overview of their current state of progress and
plans for their implementation. In addition, key aspects of these frame-
works are illustrated and the different underlying measurement models
are explained by means of integrative, homogeneous illustrations.

In a second step, the four frameworks are analyzed from different
stakeholder perspectives and compared and contrasted. First, a compar-
ative overview of the four concepts is provided which does not consider
the stakeholders’ points of view. Next, we turn to the three major stake-
holders, i.e., the insurance company’s management, its policyholders,
and its current and potential investors. In order to develop the details
of the three different perspectives, we address each stakeholder in turn
and analyze separately their key characteristics and interactions. Finally,
in a third step, we bring together the different perspectives. In partic-
ular, we develop a proposal for a holistic, comprehensive approach to
insurance reporting and regulation.

The contributions of this paper are twofold. On the one hand, we
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present a comprehensive overview of four far-reaching regulatory and re-
porting reforms within Europe. We provide an integrative illustration
in order to explain the different underlying measurement models. On
the other hand, we compare and contrast these frameworks, analyze
them from different stakeholder perspectives, and highlight major simi-
larities and differences. In so doing we combine results from important
industry and academic publications as well as our own findings. That is
to say, we discuss and analyze contributions by the insurance industry,
practitioners, regulatory authorities, and the academic community. Al-
though some authors have examined the relations between Solvency II
and IFRS 4 Phase II (see, e.g., Duverne and Le Douit, 2009), between
IFRS 4 Phase II and MCEV (see, e.g., De Mey, 2009), or between Sol-
vency II and insurance guaranty systems (see, e.g., Rymaszewski and
Schmeiser, 2011), there has been to date no comprehensive joint exam-
ination of these frameworks. In addition, the different stakeholder per-
spectives in relation to the frameworks have not, in general, been taken
into account.

The remainder of the paper is structured in the following way. Sec-
tion 2 presents the four regulatory and reporting frameworks, i.e., Sol-
vency II (Section 2.1), insurance guaranty schemes (Section 2.2), IFRS 4
Phase IT (Section 2.3), and MCEV (Section 2.4). In Section 3, we con-
duct a comparative analysis of the different frameworks from different
stakeholder perspectives. Section 4 consolidates and discusses the re-
sults obtained for the different perspectives. Conclusions are provided
in Section 5.

2 Regulatory and Reporting Frameworks

The recent financial crisis has revealed the need for a reconsideration of
regulatory frameworks in the insurance industry. In the following, we
examine major European insurance-related reporting standards and reg-
ulatory frameworks which are currently undergoing far-reaching reforms.
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The regulatory frameworks examined are Solvency II*' and existing in-

surance guaranty schemes*?.

With regard to insurance reporting, we
focus on the IFRS J Phase II international accounting standards and
Market Consistent Embedded Value (MCEV) reporting. We refer to the
exposure draft (IASB, 2010b, July) as “IFRS 4 Phase II”. Table 23
provides an overview of recent developments in relation to these four
frameworks. Unless otherwise stated, we use “regulatory frameworks”

to refer to both reporting and regulatory frameworks.

2.1 Solvency Regulation

The new solvency regulation system in the European Union is adopted
in a two-stage process. In 2004, Solvency I was introduced making
some modifications to the capital standards which were introduced in
the 1970s (European Union, 2002a; European Union, 2002b). Solvency I
imposes minimum capital requirements (MCR) on life and non-life insur-
ers. The MCR is based on liability-related, volume-based ratios. Unlike
Solvency I, Solvency II takes primarily an enterprise risk management
approach and considers the entire risk profile of an insurance company.
It is expected to be implemented by the end of 2012 (see Table 23a). The
standards are defined in a European Union directive (European Union,
2009).43

Solvency II consists of three pillars. The first pillar describes quanti-
tative requirements, the second pillar focuses on qualitative requirements,
and the third pillar addresses supervisory reporting and public disclosure.
The main components of the second pillar are principals of internal risk
management and risk control as well as the corresponding supervisory
interventions (Eling, Schmeiser, and Schmit, 2007). The third pillar of
Solvency II addresses market transparency and disclosure requirements,

4INote that Solvency IT is in many aspects similar to the Swiss Solvency Test
already in-force in Switzerland (see, e.g., Holzmiiller, 2009).

42We refer to common mechanisms of existing schemes.

43 A first discussion on the motivation for Solvency II can be found in European
Commission (1999).
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directly relating Solvency II to international reporting standards (Euro-
pean Union, 2009).

Figure 8 illustrates the first pillar by means of an insurer’s economic
balance sheet (in market values) (see Eling and Holzmiiller, 2008; CRO
Forum, 2006). Assets are subdivided into assets which cover liabilities
and the available solvency capital (margin)?*. The market value of lia-
bilities corresponds to the best estimate of liabilities plus a risk margin.
The best estimate of liabilities corresponds to the expected value of dis-
counted cash flows. The risk margin is calculated using the cost of capital
technique®®.

The solvency capital requirement (SCR) is determined as the value
at risk of basic own funds at a 99.5% confidence level over a one-year
period, where basic own funds consist of the excess of assets over liabil-
ities and subordinated liabilities. The SCR might either be calculated
by a standard model or an internal model which is subject to restric-
tions and approval by the supervisory authority. The minimum capital
requirement is determined as the value at risk of basic own funds at a
85% confidence level over a one-year period.*6

Solvency II requires that the available solvency capital is higher than
the SCR and the MCR. Thus, it involves an escalating series of supervi-
sory interventions: The first step corresponds to a non-compliance with
the SCR, the second step to a non-compliance with the MCR (and, thus,
also the SCR).

44There are certain restrictions regarding the composition of the available solvency
capital which we do not discuss here in detail (see Art. 87 to Art. 99 of the directive).

45Cost of capital techniques are often applied in practice. The idea behind this
technique is that the risk adjustment should reflect the costs of holding capital to
cover the underlying risk (see, e.g., Rubin, Ranson, and Shi, 2009). A detailed
explanation of the cost of capital approach is provided by the Swiss Federal Office of
Private Insurance (FOPI) (2006) in the context of the Swiss Solvency Test.

46Note that the directive specifies an absolute and a relative floor as well as a
relative cap for the minimum capital requirement (MCR) (see Art. 128 to Art. 131).
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2.2 Insurance Guaranty Schemes

Insurance guaranty schemes provide last-resort protection to policyhold-
ers in the event of the bankruptcy of an insurance company (see, e.g.,
Oxera, 2007; Krogh, 1972; Yasui, 2001). Since the 1960s, insurance guar-
anty schemes have been introduced in various European countries (see
Table 23a). Most guaranty systems resulted from the default of a sin-
gle insurance company which had to be resolved. Currently, only 12 of
the 30 EU-EEA countries have one or more general insurance guaranty
schemes in place (European Commission, 2010b). In order to address
the diversity of insurance guaranty schemes across Europe, the Euro-
pean Commission (2010b) proposes, in a recent White Paper, that a
directive should be introduced to ensure that all Member States of the
European Union have an insurance guaranty system in place which meets
certain minimum requirements (see also de Larosiére, Balcerowicz, Iss-
ing, Masera, Mc Carthy, Nyberg, Pérez, and Ruding, 2009).

Figure 9 shows the basic context of an insurance guaranty scheme.
Policyholders take out an insurance contract with an insurance com-
pany and pay the corresponding premium. In return, the insurance com-
pany provides insurance coverage. To internalize the costs of insolvency,
the insurance company pays the required contribution to the insurance
guaranty fund. This contribution to the guaranty fund might either be
charged on an ex post basis (based on actually incurred defaults) or an
ex ante basis. In the majority of current guaranty funds, the fund con-
tributions are levied ex ante and calculated by means of volume not of
risk (Oxera, 2007; Schmeiser and Wagner, 2010).*” Then, in case of de-
fault of the insurance company, the guaranty fund secures the interests
of policyholders by a kind of compensation.*® This compensation might
either be a continuation of the insurance contract or a cash compensa-
tion. Oxera (2007) provides a detailed overview of different insurance
guaranty funds in the European Union (EU).

47Cummins (1988) presents a theoretical approach of how risk-based premiums
could be raised in an option pricing theory setting.

48Rymaszewski, Schmeiser, and Wagner (2011) develop conditions under which a
self-supporting insurance guaranty system can be beneficial to policyholders in an
imperfect market setting.
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2.3 International Financial Reporting Standards
IFRS 4 Phase II

In July 2010, the International Accounting Standards Board (IASB)
published an exposure draft proposing new standards for how to recog-
nize, measure, and disclose insurance contracts (IASB, 2010b): IFRS 4
Phase II (see Table 23b). The IFRS 4 Phase II project aims to establish a
new reporting standards providing a comprehensive and consistent basis
for accounting for insurance contracts (see, e.g., IASB, 2010c). IFRS 4
Phase II builds on IFRS 4 Insurance Contracts which was introduced
in 2004 to address some urgent issues in insurance contracts accounting
(IASB, 2010c). IFRS 4 Phase II provides a market value-based or risk-
based perspective on insurance companies. In contrast, the accounting
approach previously taken within the insurance industry has been based
on historical values rather than market values (see, e.g., Post, Griindl,
Schmidl, and Dorfman, 2007).

The new insurance contracts standards apply generally to all insur-
ance contracts. The exposure draft requires that an insurer measures the
value of an insurance contract at inception as the sum of the (expected)
present value of future cash flows, plus a risk adjustment and a residual

margin.

We illustrate this concept in Figure 10 by means of an insurer’s eco-
nomic balance sheet. Note that Figure 10 aggregates the single measure-
ments of different insurance contract liabilities. The sum of the expected
present value of future cash flows and the risk adjustment provides the
present value of fulfillment cash flows. Insurance companies are not al-
lowed to realize any gains at initial recognition of an insurance contract.
Thus, in the case of a negative present value of fulfillment cash flows,
a residual margin is added to give an initial measurement of the insur-
ance contract liability of zero. The risk adjustment corresponds to the
maximum amount an insurer would disburse in order to be relieved of
the risk of the fulfillment cash flows exceeding the ones expected. The
risk adjustment can be calculated by three different methods: the confi-
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dence level technique®®, the conditional tail expectation method®®, and
the cost of capital approach.

An insurance contract (asset or liability) is recognized as soon as the
insurer becomes a party to the insurance contract and is derecognized
when it is extinguished. In addition, the so-called contract boundary
defines which cash flows are to be included in the measurement of the
liability. It separates cash flows arising from current contracts from those
corresponding to future contracts. Figure 11 provides an overview of
how recognition, derecognition, and contract boundaries are connected.
In addition, Figure 11 shows which kind of cash flows might occur within
the different time periods.

The carrying amount of the insurance contract liability is adjusted
each reporting period. In addition, the exposure draft includes detailed
disclosure requirements. These require both that the recognized amounts
in the financial statements be stated, and that information on the nature
and extent of risks resulting from insurance contracts be disclosed. We
provide a figure summarizing the different disclosure requirements in
Appendix A.

In the context of IFRS 4 Phase II, it is also important to consider
IFRS 9. Although it does not focus on insurance companies in par-
ticular, IFRS 9 aims to create new standards for financial instruments
accounting — which will have a significant effect on the asset side of
insurer’s financial statements. The IASB intends to replace the cur-
rent financial instruments reporting standard, TAS 39, with a new set
of standards, IFRS 9 (International Accounting Standards Committee
Foundation (IASCF), 2009). This process of the replacement of IAS 39
is divided into three phases. The first phase involves the classification
and measurement of financial instruments, the second phase focuses on

impairment methodology, and the third phase addresses hedge account-

49The confidence level technique corresponds to a value at risk calculation (see,
e.g., Rubin et al., 2009; International Actuarial Association (IAA), 2009, p.76).

50The conditional tail expectation (CTE) method corresponds to a tail value at risk
calculation. This approach overcomes the key limitation of the value at risk technique
by taking the complete tail of the distribution into account (see, e.g., Rubin et al.,
2009).
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ing (see IASCF, 2009).5! The new standards are to enter into force in
January 2013. The TASB completed the first phase, dealing with finan-
cial assets, and published IFRS 9 Financial Instruments in November
2009 (IASCF, 2009). Broadly speaking, this new standards require that
financial assets are measured at their fair value at initial recognition
(plus transaction costs, to some degree) (Art. 5.1 of IASCF, 2009). Sub-
sequent measurements will either be at amortized costs or at fair value
depending on the company’s business model for managing financial as-
sets and the contractual cash flows characteristics of the financial asset.

2.4 Market Consistent Embedded Value Principles

In May 2004, the European Insurance CFO Forum (hereafter “CFO Fo-
rum”) published the European Embedded Value (EEV) Principles (CFO
Forum, 2004) as the first attempt to harmonize embedded value report-
ing in Europe. The CFO Forum is a discussion group which was created
by and is made up of the Chief Financial Officers of major European
insurance companies.”> Addressing criticism of the current EEV frame-
work, the Market Consistent Embedded Value (MCEV) Principles (CFO
Forum, 2009b) were published in June 2008 (and partially been updated
in October 2009). The MCEV Principles are expected to replace the
EEV Principles from 31st December 2011 onwards (CFO Forum, 2009a).
At this time, the Principles will become compulsory for all members of
the CFO Forum (see Table 23b).

The MCEV methodology needs to be applied to covered business.
Covered business includes, as a minimum, all long-term life insurance
business and may in addition include short-term life insurance as well
as accident and health insurance (CFO Forum, 2009b). MCEV is the

51In November 2009, the IASB completed the first phase, dealing with financial
assets, and published IFRS 9 Financial Instruments (IASCF, 2009). In addition,
an exposure draft on the Fair Value Option for Financial Liabilities was published
in May 2010 (IASB, 2010a). Regarding the second phase, an exposure draft on
Amortised Cost and Impairment was issued in November 2009 (IASB, 2009). No
exposure draft exists yet concerning hedge accounting (phase 3). Refer to the IFRS
web page for current information on the project’s status (http://www.ifrs.org).

52See http://www.cfoforum. eu.
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“present value of shareholders’ interests in the earnings distributable from
assets allocated to the covered business after sufficient allowance for the
aggregate risks in the covered business” (CFO Forum, 2009b, p.3). Fig-
ure 12 illustrates the calculation of the MCEV.

The MCEV is calculated as the sum of the free surplus allocated to
the covered business, the required capital, and the value of in-force busi-
ness. The required capital corresponds to the shareholders’ portion of
the solvency capital requirement and any additional amounts required by
internal objectives. The value of in-force covered business is calculated
as the present value of future profits minus the time value of financial
options and guarantees, frictional costs of required capital, and costs of
residual non hedgeable risks.

In order to provide a comprehensive view of both covered and non-
covered business, the MCEV Principles require the calculation of a Group
MCEV. The Group MCEV is calculated as the sum of the calculated
MCEV of covered business and the IFRS net asset value (without any
adjustments) of non-covered business.

3 Stakeholder Perspectives and
Comparative Analysis

In this section, the four general frameworks are analyzed from different
stakeholder perspectives, and contrasted with each other. Before turn-
ing to the different perspectives, we provide a comparative overview of
the different frameworks (without considering the stakeholder points of
view). We then focus on the three major stakeholders, namely insur-
ance companies’ management, policyholders, and investors. We address
each stakeholder in turn and separately analyze key characteristics and
interactions separately (see Sections 3.2 to 3.4).

3.1 Comparative Overview of Regulatory and
Reporting Frameworks

IFRS 4 Phase II and MCEV concern insurance reporting, whereas Sol-
vency II and insurance guaranty schemes primarily focus on insurance
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regulation. These different main focuses are the basis of the key differ-
ences and similarities between the four frameworks. IFRS 4 Phase II and
MCEYV focus on providing public information. In addition, MCEV also
addresses at internal information. In contrast, both Solvency II and in-
surance guaranty systems have customer protection as their major goal.

Consequently, IFRS 4 Phase II targets primarily investors, MCEV
targets investors and insurers (i.e., internal functions), Solvency II tar-
gets the supervisory authority and to a limited extent investors, and
insurance guaranty schemes target the supervisory authority and clients.
Table 24 provides a comprehensive overview of key differences between
the four frameworks (see Kolschbach, 2010; PwC, 2010; Schaeffer, 2010;
Schneider, 2010; Wilkins, 2008; Deloitte Research, 2008a; Deloitte Re-
search, 2008b).

Compared to the regulatory frameworks currently in force (see Ta-
ble 23), IFRS 4 Phase II, MCEV, and Solvency II take a more market-
and economics-based perspective on insurance companies (see, e.g., Schnei-
der, 2010; Farr and Wagner, 2009). Insurance business is seen as creating
economic value and managing risks. The modeling in all three frame-
works is based on cash flow projections and market values. However,
due to their dissimilar functions, some differences in modeling persist.®

Regarding the relation between Solvency II and insurance guaranty
schemes, the European Commission (2010b) stresses that Solvency II
does not lead to a zero-failure environment and, thus, that defaulting in-
surance companies might still pass on losses to policyholders and taxpay-
ers. Solvency II will merely reduce the likelihood of insolvencies and the
size of losses in the event of defaults in the insurance industry (CEIPOS,
2010a). According to this reasoning, insurance guaranty schemes will not
become redundant. Furthermore, an insurance guaranty scheme may be
necessary in order to ensure a controlled run-off in case of an insurer’s
default (e.g., continuation of policies). Besides, CEIPOS (2010a) notes

53For instance, CEIPOS (2010b) supports the current approach of the TASB to
reach a high level of conformity between Solvency II and IFRS but recognizes that
differences are unavoidable due to the different goals of the two systems. Duverne
and Le Douit (2009) and Schneider (2006) stress the necessity to harmonize IFRS 4
and Solvency II.
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that the fifth quantitative impact study®® on Solvency II could provide
a good basis for an assessment of the required fund size for insurance
guaranty schemes.

3.2 Management Perspective

With the introduction of MCEV, Solvency II, and IFRS 4 Phase II an
insurance company managements face the challenge of having to adapt
to three new regulatory frameworks within a comparatively short time.
Clearly, this will incur costs. For instance, new data need to be cap-
tured, models need to be adapted, knowledge must be built up, and new
jobs could be required. However, with the introduction of these regula-
tory frameworks, high costs and operational challenges are not the only
effects felt by management from the introduction of these regulatory
frameworks; this section will focus on the other impacts.

Regulation

Solvency II enacts new capital requirements which specify that all in-
surance companies must reach a certain safety level. Consequently, a
unification of risk profiles of different insurance companies takes place,
as a single insurer cannot have a radically different safety level to the
others. Hence, management will not be able to significantly differenti-
ate an insurance company considerably from the rest of the market by

having a different safety level.>®

However, Solvency II also provides opportunities. An insurance com-
pany’s management could gain a competitive advantage by applying spe-
cial risk management measures so as to comply with Solvency II; this
could, for example, reduce the solvency capital requirement or involve
lower regulatory costs. Thus, management needs to build up knowledge

54For the technical specifications of the fifth quantitative impact study (QIS5), see,
e.g., BEuropean Commission (2010a).

55Clearly, small differences in risk profiles will still be possible after the introduction
of Solvency II, but the range of feasible safety levels will be much smaller.
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in their insurance company on appropriate mixes of risk management
measures and how these affect the solvency capital requirement.%

On the other hand, Solvency II could, with excessive capital require-
ments, pose a threat to insurance companies. To comply with excessive
capital charges, management might, for instance, be forced to move to
a more conservative asset allocation, to redesign products (including re-
pricing), to reduce capacity, or even to withdraw from certain insurance
sectors. The Comité Européen des Assurances (CEA) (2010b) discusses
these and other aspects in greater detail.

While Solvency II aims to keep the probability of default at a pre-
scribed low level, insurance guaranty schemes step in when an actual
default takes place. From the management perspective, the magnitude
and the methodology of the calculation of the contributions charged by
the guaranty fund are key. If contributions are not risk-based but rather
volume-based, management is incentivized to pursue a riskier business
strategy as the additional risk is not taken into account in the guaranty
fund charges. As a consequence, cross-subsidization effects will occur
between different insurers. Empirical studies based on US data support
this idea (Lee, Mayers, and Smith, 1997; Lee and Smith, 1999).

On the other hand, if contributions are risk-based, similar arguments
apply as those which as apply to Solvency II. An insurance company’s
management could define a particular set of risk management measures

to keep the contribution to the guaranty fund at a desired level.

Reporting

The new IFRS 4 Phase II standards require that insurance companies
adopt an economic perspective in their reporting. This enables manage-
ments to present their insurance business in a different way from that re-
quired by the previous reporting standards. Using IFRS 4 Phase II, man-
agement can present the business as a business which creates economic

56 Consider, for example, the case of an insurance group. A group has to comply
on two levels: group and local single entities’ solvency. In order to avoid excessively
high capital requirements for some entities, it is crucial that management obtains a
comprehensive picture of how solvency capital requirements can be influenced and
how they interact.
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value and manages risks instead of being purely sales-driven. Generally,
such a new accounting framework can be advantageous to an insurance
company’s management as soon as it is strong and credible. Once this is
the case, the new standard could reduce the problem of undervaluation
and attract new investors.

Furthermore, IFRS 4 Phase II provides the same risk-based, economic
information on all insurance companies. This provides new opportunities
for managements to benchmark their own indicators of economic perfor-
mance, as well as to set themselves apart from their competitors. As
the exposure draft on IFRS 4 Phase II includes broad disclosure require-
ments (in particular with regard to risk, as illustrated in Appendix A),
insurance company managements have access to information on other
market players which has not been available under previous standards.

In general, similar arguments apply to the MCEV principles. Man-
agement is able to provide information to shareholders which is based
on an economic perspective on their business. The underlying princi-
ples ensure that a certain degree of comparability between the MCEV
of different insurance companies is reached.

Moreover, MCEV focuses directly on shareholders and the value of
their holdings. This enables an insurer’s management to use MCEV as
an instrument to control share prices. While reporting standards include
the value of equity capital as one component of the required data, the
market value of equity is the key element of the MCEV principles.

Relation of Frameworks

In order to comply with Solvency II, MCEV, and IFRS 4 Phase II, in-
surance company managements need to build up cash flow projection
capabilities. Although the actual measurement models in the frame-
works reflect in part their different objectives, the ability to project cash
flows of insurance products is an essential part of all three frameworks.In
addition, other synergies between the different frameworks are possible
and should be considered with regard to implementation.

With regard to the relation between IFRS 4 Phase I and MCEV, it
is important that the data provided in both reports are consistent and
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that any differences which are explained. This allows MCEV to be under-
stood as an extension to IFRS 4 Phase II which focuses on shareholders.
By complying with both, management can provide a new, comprehen-
sive basis for decision-making to its investors. This more comprehensive
information base could be used to attract new investors.

Furthermore, a single framework for economic reporting, such as
IFRS 4 Phase II, could assist management into improve the governance
of an insurance company. Currently, insurance companies and their sub-
sidiaries are obliged to present IFRS data as well as MCEV data, must
provide local statutory accounts, and usually have some form of internal
performance accounting. IFRS 4 Phase II could — over time — allow the
convergence of these different reporting efforts (Ziewer, 2010).

Solvency II and insurance guaranty funds both address the possibility
of the default of an insurance company. As Solvency II aims to reduce
the probability of default to a low level, and incorporates a scale of
interventions which allows early detection of financial stress, the question
thus arises of whether an insurance guaranty system is still needed. Both
systems involve significant costs. In this context, the CEA (2010a) argues
that an adequate level of policyholder protection is already offered by
the current and forthcoming European insurance regulatory frameworks
(e.g., investment regulation, capital requirements).

Another effect concerning both insurance guaranty systems and Sol-
vency II relates to risk-taking incentives. If an insurance guaranty system
is in place which does not charge risk-based premiums, the introduction
of broad solvency requirements such as those of Solvency II could elimi-
nate risk-taking incentives which would otherwise exist (see, e.g., Euro-
pean Commission, 2010b) (see also the previous discussion of insurance
guaranty schemes above).

3.3 Policyholder Perspective

Insurance liabilities — and thus, the position of the policyholder as a
debtholder — are among the most significant items on an insurer’s bal-
ance sheet. Policyholders could use the information provided by IFRS 4
Phase II and MCEV to decide which insurance company to choose. In
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addition, they are to be protected by both Solvency II and insurance
guaranty schemes. This paragraph considers not only private policy-
holders but also corporate entities seeking insurance protection.

Regulation

When policyholders become aware of a solvency regime like Solvency II,
trust in the insurance industry is enhanced and the stability of the system
can be improved. This is particularly important for private policyholders,
who might not be able to assess the safety level of an insurance company
on their own.

Conversely, when policyholders assume that the solvency system works,
they do not have any incentive to gather information on the risks to
which their insurance company is exposed. Policyholders then no longer
act as an additional monitoring agent. This might be problematic if the
solvency regulation has certain limitations.

Furthermore, excessive capital requirements may have fundamental
effects on policyholders. Firstly, insurance premiums will increase if in-
surance companies pass the costs of the capital requirements on to their
policyholders. Secondly, insurance companies could, for instance, reduce
the supply of traditional life insurance products (e.g., those that involve
minimum interest rate guarantees) in order to reduce their capital re-
quirements or could even withdraw from the market. This would reduce
competition (see CEA (2010) for a discussion of these and other aspects).

An insurance guaranty fund is the safety net for policyholders. In
a similar way to Solvency II, guaranty systems can increase trust in
insurance companies. Private policyholders in particular are often not
able to secure/hedge potential losses on their own or are unaware of the
fact that their insurance company could default. Besides, for long-term
contracts (e.g., life insurance contracts) the counterparty risk is usually
difficult to estimate.

However, insurance guaranty schemes can also generate adverse in-
centives. Basically, insurers pass on fund contributions to their policy-
holders, either in an transparent way as an additional charge on the
insurance premium or simply by increasing the premium. If the con-
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tributions required from insurance companies are not risk-based, poli-
cyholders are encouraged to choose the riskiest insurer, as it can offer
the lowest premiums and claims are in any case covered by the guaranty
scheme.

In addition, as discussed above in relation to Solvency II, if no de-
fault risk is carried by the policyholders on their own, they do not have
any incentive to monitor their insurance company (see, e.g., Cummins
and Sommer, 1996; Oxera, 2007). This has the effect of an additional
monitoring agent ceasing to exist.

Reporting

The target group of IFRS 4 Phase II is investors. Thus, the question
arises whether the reports provided are in a format appropriate for pol-
icyholders. For instance, there may be various pieces of information
which are not useful from a policyholder’s point of view. For private pol-
icyholders in particular, IFRS 4 Phase II could provide grossly excessive
amounts of information. Furthermore, IFRS 4 Phase II presents informa-
tion from an economics-based perspective. As this perspective requires
a high level of knowledge of the economics of insurance, the previous
sales-based approach (premium income, claims payments, costs) may be
more comprehensible and intuitive from a policyholder’s point of view.

However, IFRS 4 Phase II enables policyholders to gather more infor-
mation on the risk associated with different insurance companies. Thus,
policyholders can assess the probability that future claims will be able to
be paid. This would be of particular importance if no stringent solvency
regulation and/or no insurance guaranty system were in place. This is,
for instance, currently the case for corporate policyholders in some coun-
tries where only an insurance guaranty fund is only in place for private
individuals.?”

The MCEV principles are even more highly focused on shareholders.
As a consequence, the information provided is likely to be of little rele-
vance to policyholders. However, from our point of view, a policyholder
could find it useful to check the MCEV of different insurance companies

57See, e.g., Schmeiser and Wagner (2010) for a current overview of existing insur-
ance guaranty systems.
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as a comparatively high MCEV may indicate that premiums are too
high.

Relation of Frameworks

With Solvency II, IFRS 4 Phase II, and MCEV, policyholders receive
broad information on the risk level of insurance companies. However,
this information is not primarily addressed to policyholders and, hence,
may not be presented in a way suitable for them. This applies in par-
ticular to private policyholders, who often lack financial literacy. As a
result, although policyholders receive much more information under the
new regimes, the question remains of whether they are able to make use
of it.

With regard to Solvency II and insurance guaranty systems, a re-
curring question is whether the existence of both — a stringent solvency
regime as well as a guaranty system — could lead to the overprotection
of policyholders (i.e., whether Solvency II provides an adequate level of
policyholder protection which renders insurance guaranty schemes dis-
pensable). Both enhance trust in the insurance industry, but if one of
them is redundant, the existence of both simply results in an unneces-
sary increase in premiums, as insurers can be expected to pass on costs

associated with higher levels of regulation.

3.4 Investor Perspective

The information published by the application of financial reporting frame-
works such as IFRS and MCEV is essential to current and potential in-
vestors in insurance companies. However, current insurance reporting
(see Table 23) does not often provide investors with sufficient informa-
tion to be able to understand an insurer’s performance and risk in detail
(Ziewer, 2010). This paragraph elaborates on the investor’s perspective
on the current regulatory and reporting reforms.

Regulation

Although Solvency II is not targeted at investors, it can provide useful
information to them. Investors can use Solvency II reporting to gather
additional information on the financial stability of an insurance company
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and, therefore, the safety of their investments. Generally, Solvency II
is perceived as a more comprehensive tool than Solvency I. Accordingly,
Solvency II enhances comparability among different insurance companies
with regard to their safety level. Although a single solvency ratio may
be based on various assumptions and the absolute figure may not be
self-explanatory, the overall solvency of an insurance company can be
roughly assessed.

In addition, the solvency regime reduces the probability of year-to-
year changes in the safety of investments in an insurance company. In
other industries without any solvency regulation, for instance, strategic
changes can highly influence the riskiness of investments. The compara-
tively high stability of the safety level resulting from Solvency II could
be of particular benefit to investors seeking for long-term investments
with low risk.

However, the higher the capital charges demanded by Solvency II,
the lower the profitability and the lower the returns to investors. As a
result, the insurance industry could become less attractive to investors
(see, e.g., CEA, 2010).

Insurance guaranty schemes, in contrast, do not appear to have any
effect on investors apart from potential dividend reductions due to in-
creased regulatory costs. In general, guaranty systems affect primarily
policyholders.

Reporting

Under IFRS 4 Phase II, investors receive comprehensive, uniform infor-
mation on the performance and risk profile of an insurance company
based on market values. This enables investors to assess and compare
the economic performance of different insurance companies. As a con-
sequence, insurance companies could become interesting investments for
investors who believe that current accounting approaches suffer from a
lack of transparency and comparability.®®

58De Mey (2009), for instance, identifies four key financial reporting needs of share-
holders, namely comprehensiveness, comparability, timeliness, and reliability.
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On the other hand, the new market-value based approach has two
major drawbacks for investors. Firstly, insurance companies have a com-
paratively high degree of freedom, as IFRS 4 Phase II is a principle-
based approach and insurance companies need to apply different model
assumptions. This limits the transparency and comparability of reported
results.

Secondly, a broad understanding of IFRS 4 Phase II requires a high
level of knowledge of insurance economics and risks. This could discour-
age investors from investing in an insurance business as they may be

unable to interpret the reported information.

In a similar way to IFRS 4 Phase II, the new embedded value re-
porting approach provides a higher level of information on the economic
performance of insurance companies. In addition, MCEV gives extra
information on the value of the investors’ own stakes. Consequently, it
is an additional source of data. However, as in IFRS 4 Phase II, the
degree of freedom is relatively high and a high level of financial literacy
is required to interpret the figures provided.

Relation of Frameworks

MCEV, IFRS 4 Phase II, and Solvency II make a high level of infor-
mation available regarding economic value and risks. For this reason,
investors are able to obtain in-depth information on the value of their
investments and the potential risks their investments are exposed to. In
particular, the MCEV report explicitly addresses on the value of their
holdings in the insurance company.

On the other hand, all frameworks require that insurance compa-
nies make various assumptions and thus involve high degrees of freedom.
This may reduce the comparability between insurers’ results or with the
results of companies in other industries. Nonetheless, a combination of
the three frameworks could be used to obtain a holistic view, despite
this problem.

Moreover, market- and risk-based values are less intuitive than sales-
and volume-based figures. Hence, investors need to build up knowledge
of the economic concepts applied in the three frameworks if they are to
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understand the different reports. Furthermore, the terminology partially
differs across the frameworks (e.g., risk margin versus risk adjustment)
and many vary in terms of their details.

Furthermore, the volatility of market values could deceive investors
with regard to the true performance of an insurance company. As in-
surance companies’ business is a long-term one, temporary fluctuations
in value may not have any relation to the actual value of shareholders’
holdings.

4 Summary and Critical Discussion

The discussions above have shown the need to consider the four regula-
tory frameworks jointly rather than separately. We have indicated var-
ious implications for the different stakeholders. In this section, we first
consolidate the different stakeholder perspectives, under the assumption
that all four frameworks will be implemented as planned. Then, we aban-
don this assumption and propose a holistic approach to these regulatory
and reporting frameworks as a proposed improvement.

4.1 Consolidation of Stakeholder Perspectives

This section aims to bring together the different perspectives. In order
to achieve this, we briefly summarize our main findings with regard to
the different groups of stakeholders and, in a second step, derive one
main issue for each of them.

- In order to comply with all the frameworks, the managements of
insurance companies need to build up cash flow projection capa-
bilities. Once this is done, both IFRS 4 Phase II and MCEV
can enable managements to attract new investors. Furthermore,
solvency regulation can reduce risk-taking incentives which exist
under current insurance guaranty schemes.

- Policyholders are to be protected by these two regulatory frame-
works (i.e., Solvency II and insurance guaranty systems). In addi-
tion, with the introduction of IFRS 4 Phase II, MCEV, and Sol-
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vency II reporting, policyholders gain access to comprehensive in-
formation on risk. However, the question remains of whether they
want to (motivation) and can (financial literacy) make use of this
information.

- Similarly, investors receive in-depth information on economic value
and risks from the various reports (IFRS 4 Phase II, MCEV, Sol-
vency II). However, they face challenges regarding the reliability
of information (degrees of freedom) and their understanding (fi-
nancial literacy). In particular, volatility of reported values could
distort the realistic representation of an insurance business.

This brief synopsis of our results makes clear that the managements
of insurance companies face a high regulatory burden. Capital require-
ments need to be fulfilled and numerous operational adjustments will
be necessary. Thus, the question arises of whether the general benefits
of the different regulatory frameworks can justify the associated costs.
If not, European insurers will be at a competitive disadvantage to in-
surance companies in less regulated markets or less regulated industries
(e.g., pension funds). Such a competitive disadvantage would have an
impact on various stakeholders, including policyholders, investors, and
the economy in general.

This question is particularly important concerning the relation be-
tween Solvency II and insurance guaranty schemes. In our view, if Sol-
vency II is implemented appropriately and the scale of intervention is
executed seriously, the probability of an insurer going bankrupt and be-
ing unable to pay off all policyholder claims is very close to zero. We
agree that additional thorough analysis is necessary in order to assess
the economic costs and benefits of the all frameworks for all categories
of stakeholders.

In this context, the widespread information provided to investors
needs to be considered. IFRS 4 Phase II and MCEV will both provide
various additional risk-related, economics-based information, in compar-
ison with current reporting. Aligning and combining these separated
reports is potentially a key strength of the upcoming economic value



150 11T STAKEHOLDERS AND REGULATORY REFORMS

reporting. In our view, the alignment of definitions, terminology, scope,
and modeling components will be crucial in allowing IFRS 4 Phase II
to replace MCEV reporting in the long term. However, if a majority of
investors does not use this information, the reporting efforts may not be
appropriate. Furthermore, investors need to be able to, or must learn
to, understand the reported data. If this is not the case, an insurer’s
economic value reporting might be misinterpreted or disregarded. In the
end, IFRS 4 Phase II and MCEV should enable investors to base their
decision whether to invest in an insurance company or not on an im-
proved basis of information. In order to reach this, large communication
(as well as presentation) efforts and expenditures are necessary.

As already pointed out in the introduction (Section 1), CEIOPS
(2009) names three elements, in addition to Solvency II, which need
to be re-examined as a consequence of the financial crisis: insurance
guaranty schemes, information to policyholders, as well as common re-
porting formats. The question of how to harmonize and how to proceed
with insurance guaranty systems is discussed in the White Paper of the
European Commission (2010b). Common reporting formats are a major
concern of both IFRS 4 Phase II and MCEV reporting. However, the
issue of the information made available to policyholders has barely been
discussed. Currently, the main regulation in this area is that embedded
in local contractual law. From a theoretical point of view, the new reg-
ulatory frameworks enable policyholders to gather more information on
an insurance company (as discussed in Section 3.3). For policyholders,
however, what would seem to be most relevant would be product-related,
easily comprehensible information to enable rational choice between dif-
ferent insurance products and companies.

Consequently, questions arise of whether the provisions of current
local contractual law (and its current reforms) are sufficient, whether
European harmonization is feasible, and whether policyholders require
additional information from insurance companies. It is possible that a
higher level of financial literacy would suffice to allow policyholders to
make informed choices between insurance products. One advantage of
this would be that it would not increase the regulatory burden on Eu-
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ropean insurance companies. In addition, given the difficulty of evaluat-
ing different insurance companies and products, Solvency II and insur-
ance guaranty systems provide a high level of protection to policyholders
avoiding poor decisions with long term consequences being taken. Thus,
the issues of the information provided to policyholders and financial lit-
eracy require further analysis.

In summary, we find that the four frameworks need to be considered
jointly rather than separately, due to various interrelations and inter-
actions between them. Assuming that all four frameworks are to be
implemented as planned, coordination of the different timetables will be
essential to exploit synergies and reduce, to some extent, the cost of im-
plementation. In relation to IFRS in particular, it is of major importance
that IFRS 4 Phase II and IFRS 9 are introduced in a synchronized way.
However, our discussion showed that the planned frameworks have cer-
tain drawbacks, in particular with regard to their interrelations. There-
fore, in the next paragraph we propose a more comprehensive, holistic
approach.

4.2 Proposal for a Holistic Approach

The above analysis discussed various issues under the assumption that
all four frameworks will be implemented as currently planned. However,
the question remains of whether concrete suggestions can be made for
improvements. Hence, based on our analysis in the previous sections,
we now set out a proposal for a holistic approach to insurance regu-
lation and reporting. The proposal provides the same benefits as the
current regulatory plans (e.g., comprehensive information and increased
customer protection) but is, in addition, internally consistent and there-
fore imposes much a lower regulatory burden on insurance companies in
the long term.

Figure 13 illustrates the basic concept. The approach is based on
an exhaustive data warehouse containing all information on book values
and the distribution of discounted cash flows. These data are processed
for insurance reporting in such a way as to generate two major reports:
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market value and book value reporting. We argue that both market and
book values are necessary in order to provide a comprehensive view of
an insurance company. While market values closely reflect the current
fair value, book values provide information on historical costs and depre-
ciation. In addition, book values are not subject to market fluctuations.

The reported market values are used for additional reporting pur-
poses. For instance, an embedded value calculation is carried out. We
argue that reporting the embedded value in addition to market value
reporting is necessary in order to provide shareholders with explicit in-
formation on the value of their holdings. Furthermore, the reported mar-
ket values are used for regulatory activities: the calculation of solvency
capital requirements (as defined in, e.g., Solvency II) and the definition
of contributions to insurance guaranty schemes. Although solvency mea-
surements require some additional data from the data warehouse, in our
view it is vital that the solvency assessment is based on the same mar-
ket valuation of assets and liabilities as the reporting. The results of
the solvency assessment can then be used to estimate contributions to
insurance guaranty funds. Book values are required for the preparation
of the tax balance sheet, to declare realized earnings, and, consequently,
to determine dividends. In addition, book values can be used in order
to calculate different performance ratios, e.g., the claims, expense, and
combined ratios.

Thus, in our approach regulatory and reporting frameworks are based
on the same data base and only one market value is derived, which is
applied within other frameworks in order to measure solvency or report
embedded value. In this way, the proposed approach ensures that re-
ported data are consistent but still comprehensive. From our point of
view, this holistic approach will significantly reduce regulatory costs in
the long run.

5 Conclusion

Regulatory and reporting frameworks in the European insurance indus-
try are currently subject to far-reaching reforms. In this paper, we
present four of these frameworks, provide a brief overview of their cur-
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rent state of progress, illustrate key aspects, and explain the different
underlying measurement models. Then, we analyze them from different
stakeholder perspectives and compare and contrast them.

Our results are threefold. First, they show that, despite the various
benefits, insurance company managements face a high regulatory bur-
den. Thus, the question arises of whether the benefits of the different
regulatory frameworks can justify the corresponding costs. If this is
not the case, European insurers will be at a competitive disadvantage
to less regulated markets. Second, policyholders will be well-protected
from financial stress on insurance companies by the regulatory reforms.
However, additional reforms may be necessary to enable policyholders
to make rational choices between different insurance products and com-
panies. In addition, the issue of financial literacy needs to be addressed.
Third, the market-based perspective of the new frameworks results in a
high degree of complexity. Reporting frameworks in particular should
enable investors to make use of an improved basis of information. There-
fore, major communication efforts and spendings will be necessary to
enable investors to interpret the information reported.

In conclusion, our results make clear that the four regulatory frame-
works must be considered jointly and that timetables need to be coordi-
nated in order to reduce the regulatory burden and to exploit synergies.
To overcome difficulties with the planned frameworks, we propose a more
holistic, comprehensive approach to insurance reporting and regulation.
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Appendix

A Disclosure Requirements in IFRS 4 Phase 11

Explanation of recognized amounts

Reconciliation of contract balances from the opening to the closing balance

1. insurance contract liabilities and assets\ 1. carrying amounts

a) risk adjustments included 2. new contracts recognized
. R 3. i ived
b) residual margins included prethiums recetve

4. payments
2. reinsurance assets (as cedant) > a) claims and benefits

a) risk adjustments included b) expenses

b) residual margins included ¢) incremental acquisition costs

3. impairment losses on reinsurance assetsJ

Explanation of recognized amounts

Methods and inputs used to develop the measures

1. methods and inputs used for estimating
a) measurements with most material effect on recognized amounts
b) risk adjustments (including confidence level)
¢) discount rates
d) estimates of policyholder dividends

2. effect of changes in the inputs used (each change with material effect)
3. measurement uncertainty analysis (reasonable other inputs)

Figure 14: Overview of disclosure requirements in IFRS 4 Phase II. Dis-
closure requirements regarding the explanation of recognized amounts in
the financial statements (see IASB, 2010b). (continued on next page)
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Nature and extent of risks arising from insurance contracts

. exposure to risk and the way they emerge
. objectives, policies, and processes for managing risks
. changes in 1. and 2.

. information about the regulatory framework (e.g., minimum capital)

T = W N

. information about insurance risk (gross and net) before and after risk mitigation
a) sensitivity analysis of insurance risk regarding its effect on profit or loss and equity
b) concentration of insurance risk and how it is determined
¢) claims development

6. information about each other type of risk

a) summary quantitative information (including applied risk management techniques)
b) concentration of risks
7. information about credit risk
a) maximum exposure at end of reporting period
b) credit quality of reinsurance assets
8. information about liquidity risk
a) maturity analysis or information on timing of net cash outflows
b) how liquidity risk is managed

9. information about market risk

a) sensitivity analysis for each kind of market risk (given exposure of insurer)

b) explanation of methods and main inputs in sensitivity analysis

¢) explanation of objective of applied methods and limitations

d) changes from previous periods

e) information about exposures to market risks caused by embedded derivatives

Figure 14: Overview of disclosure requirements in IFRS 4 Phase II. Dis-
closure requirements regarding the nature and extent of risks regarding
insurance contracts (see IASB, 2010b). (cont.)



BIBLIOGRAPHY 157

Bibliography
CFO Forum, 2004. European Embedded Value Principles. (May).

CFO Forum, 2009a. Market Consistent Embedded Value: Basis for
Conclusions. (October).

CFO Forum, 2009b. Market Consistent Embedded Value Principles.

Comité Européen des Assurances (CEA), 2010a. Position Paper: CEA
contribution to the European Commission’s White Paper on Insurance
Guarantee Scheme (IGS).

Comité Européen des Assurances (CEA), 2010b. Why Excessive Capital
Requirements Harm Consumers, Insurers and the Economy. (March).

Committee of European Insurance and Occupational Pensions Supervi-
sors (CEIOPS), 2009. Lessons Learned from the Crisis: Solvency II
and Beyond.

Committee of European Insurance and Occupational Pensions Supervi-
sors (CEIOPS), 2010a. Position Paper: CEIOPS Comments on the Eu-
ropean Commissions White Paper on Insurance Guarantee Schemes.

Committee of European Insurance and Occupational Pensions Supervi-
sors (CEIOPS), 2010b. Position Paper: ED/2010/8 Exposure Draft:

Insurance Contracts.

CRO Forum, 2006. Solutions to Major Issues for Solvency II Joint Sub-
mission by the CRO Forum and CEA. (available at http://www.cea.
eu/uploads/DocumentsLibrary/documents/position277.pdf).

Cummins, J., 1988. Risk-Based Premiums for Insurance Guaranty Funds.
Journal of Finance, 43(4):823-839.

Cummins, J. and D. Sommer, 1996. Capital and Risk in Property-
Liability Insurance Markets.  Journal of Banking and Finance,
20(6):1069-1092.



158 11T STAKEHOLDERS AND REGULATORY REFORMS

de Larosiere, J., L. Balcerowicz, O. Issing, R. Masera, C. Mc Carthy,
L. Nyberg, J. Pérez, and O. Ruding, 2009. Report by the
High-Level Group on Financial Supervision in the EU. (avail-
able at http://ec.europa.eu/internal_market/finances/docs/
de_larosiere_report_en.pdf).

De Mey, J., 2009. Reporting on the Financial Performance of Life Insur-
ers. The Geneva Papers on Risk and Insurance Issues and Practice,
34(2):228-241.

Deloitte Research, 2008a. Heading in the same direction 7 IFRS Phase
IT and Solvency II.

Deloitte Research, 2008b. The IFRS Journey in Insurance: A Look
Beyond the Accounting Changes.

Diers, D., M. Eling, C. Kraus, and A. Reuss, 2009. Market Consistent
Embedded Value in Non-Life Insurance: How to Measure it and
Why. Working Paper, (available at http://www.uni-ulm.de/
fileadmin/website_uni_ulm/mawi/forschung/PreprintServer/
2009/MCEV-Non-Life.pdf).

Duverne, D. and J. Le Douit, 2009. IFRS Phase II and Solvency II: Key
Issues, Current Debates. The Geneva Papers on Risk and Insurance
Issues and Practice, 34(1):47-55.

Eling, M. and I. Holzmiiller, 2008. An Overview and Comparison of Risk-
Based Capital Standards. Journal of Insurance Regulation, 26(4):32—
60.

Eling, M., H. Schmeiser, and J. Schmit, 2007. The Solvency II Process:
Overview and Critical Analysis. Risk Management and Insurance Re-
view, 10(1):69-85.

European Commission, 1999. The Review of Overall Financial Position
of an Insurance Undertaking. (available at http://ec.europa.eu/
internal_market/insurance/docs/markt-2095/markt-2095-99_
en.pdf).



BIBLIOGRAPHY 159

European Commission, 2010a. QIS5 Technical Specifications. July.

European Commission, 2010b. White Paper on Insurance Guarantee
Schemes.

European Union, 2002a. Directive 2002/13/EC of the European Parlia-
ment and of the Council. Official Journal of European Communities.

European Union, 2002b. Directive 2002/83/EC of the European Parlia-
ment and of the Council. Official Journal of European Communities.

European Union, 2009. Directive 2009/138/EC of the European Par-
liament and of the Council. Official Journal of the European Union,
(November 25).

Farr, I. and H. Wagner, 2009. Economic Capital and Market-Consistent
Embedded Value: Bringing it all Together. (available at http://www.
soa.org/files/pdf/2009-ec-mcev-wagner.pdf).

Holzmiiller, I., 2009. The United States RBC Standards, Solvency II and
the Swiss Solvency Test: A Comparative Assessment. The Geneva
Papers on Risk and Insurance Issues and Practice, 34(1):56-77.

International Accounting Standards Board (IASB), 2009. Exposure
Draft Financial Instruments: Amortised Cost and Impairment. FEz-
posure Draft ED/2009/12, (November).

International Accounting Standards Board (IASB), 2010a. Exposure
Draft Fair Value Option for Financial Liabilities. FEzposure Draft
ED/2010/4, (May).

International Accounting Standards Board (IASB), 2010b. Exposure
Draft Insurance Contracts. Exposure Draft ED/2010/8, (July).

International Accounting Standards Board (IASB), 2010c. Snapshot:
Insurance Contracts Why is the TASB undertaking this project? FEx-
posure Draft ED/2010/8, (July).

International Accounting Standards Committee Foundation (IASCF),
2009. International Financial Reporting Standard 9: Financial In-
struments. (November).



160 11T STAKEHOLDERS AND REGULATORY REFORMS

International Actuarial Association (IAA), 2009. Measurement of Lia-
bilities for Insurance Contracts: Current Estimates and Risk Margins.
(April).

Kolschbach, J., 2010. Fair Value in der Unternehmenssteuerung.
(DVIVW Fachkreis Versicherungsokonomie, 22.10.2010).

Krogh, H., 1972. Insurer Post-Insolvency Guaranty Funds. Journal of
Risk and Insurance, 39(3):431-450.

Lee, S., D. Mayers, and C. Smith, 1997. Guaranty Funds and Risk-
Taking Evidence from the Insurance Industry. Journal of Financial
Economics, 44(1):3-24.

Lee, S. and M. Smith, 1999. Property-Casualty Insurance Guaranty
Funds and Insurer Vulnerability to Misfortune. Journal of Banking
and Finance, 23(9):1437-1456.

Oxera, 2007. Insurance Guarantee Schemes in the EU: Comparative
Analysis of Existing Schemes, Analysis of Problems and Evaluation of
Options.

Post, T., H. Griindl, L. Schmidl, and M. S. Dorfman, 2007. Implications
of IFRS for the European Insurance Industry: Insights from Capital
Market Theory. Risk Management and Insurance Review, 10(2):247—
265.

PricewaterhouseCoopers (PwC), 2010. Swiss Solvency Test, Sol-
vency II, TFRS 4 Phase II Wie erreichen Sie erfolgreich das
Ziel? (available at http://www.pwc.ch/user_content/editor/

files/publ_insurance/pwc_swiss_solvency_test_d.pdf).

Rubin, L., N. Ranson, and X. Shi, 2009. Analysis of Methods for Deter-
mining Margins for Uncertainty under a Principle-Based Framework
for Life Insurance and Annuity Products. Society of Actuaries, March.

Rymaszewski, P. and H. Schmeiser, 2011. Insurance Guaranty Funds
and Their Relation to Solvency Regulation. The Future Insurance
Regulation and Supervision, (forthcoming).



BIBLIOGRAPHY 161

Rymaszewski, P., H. Schmeiser, and J. Wagner, 2011. Under What Con-
ditions is an Insurance Guaranty Fund Beneficial for Policyholders?
Journal of Risk and Insurance, (forthcoming).

Schaeffer, M., 2010. SST, S II, IFRS 4 Phase II, MCEV: Welches sind
die Zusammenhénge und Verflechtungen? (available at http://www.
pwc.ch/user_content/editor/files/ind_insurance/pwc_sic_
20100610_a_d.pdf).

Schmeiser, H. and J. Wagner, 2010. The Impact of Introducing Insurance
Guaranty Schemes on Pricing and Capital Structures. Working Papers
on Risk Management and Insurance (IVW-HSG), No. 80.

Schneider, J., 2006. Die Haltung der Deutschen Versicherungswirtschaft
zu Solvency II. Presentation on 27.09.2006.

Schneider, J., 2010. Wertorientierte Unternehmenssteuerung Durch-
bruch dank regulatorischer Revolution?  (DVIVW Fachkreis Ver-
sicherungsdkonomie, 22.10.2010).

Swiss Federal Office of Private Insurance (FOPI), 2006. The Swiss Ex-
perience with Market Consistent Technical Provisions - the Cost of
Capital Approach. (March).

Wilkins, T., 2008. Market-Consistent Embedded Value Seminar: MCEV
compared to others (EEV, IFRS, EC, etc).

Yasui, T., 2001. Policyholder Protection Funds: Rationale and Structure,
chapter 1, 2. Organisation for Economic Co-operation and Develop-
ment (OECD).

Ziewer, L., 2010. IFRS can serve as a convergence point. Insurance
ERM, (September).






Part IV

A Proposal for a Capital
Market-Based Guaranty
Scheme for the Financial

Industry

Abstract

In this paper, we introduce a capital market-based financial guaranty sys-
tem as an alternative to current insurance guaranty funds and deposit
insurance systems. The guaranty system secures clients’ claims for the
case of default of the financial company by means of a special purpose ve-
hicle which issues bonds to investors. In a first step, we present equations
in order to derive the two main input parameters of the special purpose
vehicle, the premium and the principal. Subsequently, we analyze the
impact of different investment actions taken by the financial companies
protected by the guaranty vehicle on various shortfall measures. We find
that it will be necessary to restrict the investment volume of investors
from the financial industry in order to avoid systematic risk within the
proposed guaranty scheme. By deriving practical implications, we show
that the capital market-based solution has some key benefits compared

to current deposit insurance and insurance guaranty schemes.?®

59H. Schmeiser, J. Wagner, and A. Zemp. A Proposal for a Capital Market-Based
Guaranty Scheme for the Financial Industry. Working Papers on Risk Management
and Insurance, 85, 2011.
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1 Introduction

High losses at numerous financial institutions and major insolvencies dur-
ing the recent financial crisis have raised the questions whether current
financial guaranty systems can really protect clients against defaults of
financial companies in case of major economic downturns. Especially
bail-outs which occurred in various countries, e.g., certain banks in Ire-
land and the US or the insurance company AIG, caused discussions on
if and to what extent taxpayers and society should pay for economic tur-
bulences faced by a financial company. Thus, a reconsideration of both,
current deposit insurance systems found in the banking sector and insur-
ance guaranty systems of the insurance industry, appears to be necessary.
In the European Union, reviews of deposit insurance systems have led to
higher coverage levels in the last year. While these coverage levels will
be homogenized by end of 2011 (see, e.g., ECOFIN Council (2008)), the
landscape of existing guaranty schemes in the insurance industry is still
very heterogeneous with regard to practical implementation, scope and
coverage (see, e.g., Oxera (2007)).

In this paper, we propose a capital market-based guaranty system
as an alternative to current insurance guaranty funds and deposit insur-
ance systems. The proposed framework has a structure which is very
similar to catastrophic or other insurance-linked bonds: A special pur-
pose vehicle for each company is established in which investors pay in a
principal and financial companies a risk-adequate premium. In case of
default of the financial company, the capital in the special purpose vehi-
cle is used in order to cover the claims of the company’s clients. Note,
however, that the proposed market-based guaranty system exhibits one
key difference to catastrophic bonds, namely that catastrophic bonds
cover insurance risks whereas financial guaranty systems solely focus on
credit 1isk.%? The described market-based solution overcomes the prob-
lem of current guaranty systems that, generally, wealth transfers between
clients of different financial companies take place (see, e.g., Rymaszewski,

60Nevertheless, insurance risks may have a significant impact on credit risk as
insurance risks like catastrophes can cause financial companies, particularly insurers,
to default.
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Schmeiser, and Wagner (2010)). In addition, the capital market-based
funding might allow guaranty systems to even cover shortfalls of major
financial companies as it provides, at least from a conceptual point of
view, access to very large amounts of capital.

In the following, we provide a brief overview on the most relevant
literature regarding deposit insurance and insurance guaranty systems
and point out major similarities, differences and current trends. Insur-
ance guaranty and deposit insurance systems are similar in their basic
characteristics. Both are to provide customer protection in the financial
services industry and require an obligatory membership of the respective
financial institutions. As banks and insurance companies are usually per-
ceived to be system-relevant, these guaranty schemes additionally aim at
enhancing financial stability. The works by Oxera (2007), Schmeiser and
Wagner (2010), Feldhaus and Kazenski (1998), Demirglic-Kunt, Kane,
and Laeven (2008), Cariboni, Vanden Branden, Campolongo, and De
Cesare (2008), and Frolov (2004) provide an overview of existing sys-
tems and their practical implementations in the insurance and banking
industry. While Schmeiser and Wagner (2010, Sect. 2) give a worldwide
outline of existing insurance guaranty funds, Oxera (2007) provides a
thorough review of the existing schemes in the European Union. A de-
tailed description of the U.S. insurance guaranty fund can be found in
Feldhaus and Kazenski (1998). Demirgiic-Kunt et al. (2008) provide a
comprehensive overview of different deposit insurance systems around
the world as of 2003. A more recent outline of European systems, as of
2007, can be found in Cariboni et al. (2008). In addition, Frolov (2004)
gives a literature review on deposit insurance designs, analyzing basic
approaches and practical choices.

One major difference between deposit insurance and insurance guar-
anty systems can be observed with regard to compensation payments.
Deposit insurance systems usually embed only one form of compensation
in case of insolvency, namely cash in the amount of the current value of
covered deposits up to a predefined cap. On the contrary, compensations
in insurance guaranty schemes differ depending on the insurance sector
and the regulatory framework. An overview of the different compensa-
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tion mechanisms in European insurance guaranty funds can be found
in, e.g., Oxera (2007, pp. 23-26). On the one hand, losses might be
compensated with cash by covering claim events which occurred before
insolvency and a certain period afterwards. That is to say, as soon as an
insolvency occurs, the client can close an insurance contract with another
insurance company in order to be insured without interruptions. On the
other hand, a continuation of insurance contracts might be more appro-
priate than a cash compensation in certain insurance sectors, e.g., with
regard to life or health insurance contracts which are usually of long-term
nature. This is the case, for instance, in German health and life insur-
ance guaranty funds which secure the continuation of insurance contracts

in case of insolvency.

Another difference can be observed with regard to the coverage of
guaranty schemes. Deposit insurance systems usually cover 100% of
each deposit account up to a certain cap (maximum coverage). And,
as the name implies, they only focus on deposit accounts. By contrast,
insurance guaranty systems are very heterogeneous in this regard. They
cover either 100% or less whereas some involve a cap and some do not
(see, e.g., Schmeiser and Wagner (2010)). In addition, insurance guar-
anty schemes are often related to various different kinds of insurance
products.

Another key difference is the current state of practice and research
with regard to risk-based premium calculation. Practice in the area of de-
posit insurance appears to be more advanced: Whereas eight risk-based
deposit insurance systems are applied in the European Union (see Euro-
pean Commission JRC (2008)), risk-based insurance guaranty funds, to
a minimum extent, can only be found in Germany and in Japan (Oxera
(2007); Schmeiser and Wagner (2010)). The situation is similar when
looking at the state of current research. In the context of deposit in-
surance schemes, the European Commission JRC (2009) proposes three
different risk-based models, the first one building on a single indicator
(capital adequacy), the second one on multiple indicators (capital ad-
equacy, asset quality, profitability, liquidity), and a market-based one.
Building on these, Bernet and Walter (2009) describe the deposit insur-
ance premium as a function of systematic risk, specific risk, and the eligi-
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ble deposit amount of the respective bank. Another risk-based premium
approach (by means of risk-neutral valuation) can be found in Duffie,
Jarrow, Purnanandam, and Yang (2003). On the contrary, just a few
risk-based models are available with regard to insurance guaranty funds.
Cummins (1988) calculates risk-adequate premiums based on option pric-
ing theory in a one period context. This model is usually extended by
others, see, e.g., Duan and Yu (2005) who expand the model to multiple
periods.

Regarding funding of these systems, neither detailed proposals nor
models can be found which are concerned with a market-based funding
of deposit insurance or insurance guaranty funds. However, there are de-
tailed discussions whether a market-based funding of deposit insurance
systems is realizable and certain models which propose reinsurance solu-
tions. Moreover, the U.S. deposit insurer, the Federal Deposit Insurance
Corporation (FDIC), is actually allowed to transfer up to 10% of their
risk exposure to the market (see, e.g., Sheehan (2003)). One reinsurance
solution can be found in Plaut (1991) who provides a conceptual frame-
work under the assumption that deposit insurance is a reinsurance of
different banks, i.e., the deposit insurer is only responsible for securiti-
zation and steps in in case of default. Another reinsurance framework is
provided by Madan and Unal (2008) who present a framework to price
excess-of-loss reinsurance contracts on deposit insurance losses.

The possibility of a market-based funding of deposit insurance based
on catastrophe bonds or credit derivatives is briefly discussed by Ber-
net and Walter (2009) and by the International Association of Deposit
Insurers (IADI) (2009). Sheehan (2003) discusses advantages and disad-
vantages of reinsurance or securitization of deposit insurance risks. His
key argument in favor of securitization is the access to a larger pool of
liquid capital which allows to cover larger losses. However, he points out
that moral hazard, transaction costs, and structuring costs are problem-
atic issues in this context. Pennacchi (2009) presents advantages and
disadvantages of the application of CDS spreads. While CDS spreads
are likely to incorporate systematic and firm-specific risk factors, CDS
spreads can lead to an excessive volatility in deposit insurance premi-
ums. Thus, since current literature on market-based guaranty systems
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is limited, this provides the starting point to propose a market-based
guaranty framework.

Note that practitioners and researchers currently discuss the question
whether the loss-absorbing buffer should be increased by higher solvency
capital requirements. Here, mezzanine capital instruments like contrac-
tual contingent convertible bonds (CoCos) and preferred equity are in
focus. By contrast, our analysis will focus on the situation where a given
solvency capital exists and on the question how to secure clients’ claims
in the case of a financial company’s default by means of a run-off system.
Thus, the proposed system does not aim at preventing a financial com-
pany’s default and at system protection but rather at client protection.
As a consequence, it does not focus on increasing capital requirements
but rather on providing a fair system which steps in whenever a financial
company defaults.

In a first step, we introduce the conceptual framework of our capital
market-based financial guaranty system. After describing the basic de-
sign of the scheme in detail, the key players and their interactions are
identified. Next, we characterize the guaranty bonds and the positions
of all relevant key players. A first analysis derives closed-form solutions
for the clients’ premium and the investors’ principal. The latter are dis-
cussed with respect to different coverage levels. If capital markets were
perfect, one would not need any guaranty system as clients could secure
their claims on their own under fair conditions. However, clients may
not be aware of the fact that their financial company can default or are
not able to secure potential losses on their own.

Subsequently, we analyze the impact of two different actions which
might be taken by the financial companies protected by the guaranty
vehicle: First, the financial company might purchase guaranty bonds of
its own guaranty vehicle. Second, it might purchase guaranty bonds of
another financial company whereas both companies’ assets have a cer-
tain positive correlation. Effects of these actions on major stakeholders,
namely clients, regulator, and investors, are measured by means of four
groups of measures. We consider the spread received by investors, sin-
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gle shortfall probabilities, expected shortfalls conditional upon default,
joint shortfall probabilities, probabilities that the guaranty vehicle can-
not cover all clients’ claims, i.e., that the coverage of guaranty vehicle is
not sufficient, and the expected amount of this insufficient coverage. Re-
sults for these different risk figures are generated by means of numerical
simulation for a worst case scenario. Main conclusions are that invest-
ments in the own guaranty vehicle lever out the purpose of the guaranty
system and that investments in a foreign one might lead to the same
result depending on the correlation structure. In addition, contagion
effects might occur. Finally, we discuss resulting practical implications
for the design of such a guaranty system in detail. We find that if the
scope of investors can be restricted, the capital market-based financial
guaranty systems could be a good solution for clients in respect to the
described default problem of a financial institute.

The contribution of our analysis is twofold. One the one hand, a
detailed proposal how a capital market-based financial guaranty system
can be established is introduced and closed-form solutions of the input
parameters are derived. On the other hand, we assess the effectiveness
of the proposed system by means of analyzing actions financial compa-
nies might take to lever out the guaranty system. By deriving practical
implications out of the numerical analysis, new insights for regulators
and financial companies into whether a transfer of default risk to capital
markets might be feasible are provided.

The remainder of this paper is organized as follows. Section 2 in-
troduces the model framework and the design of the proposed guaranty
scheme. Key players’ positions are valued under the assumption of per-
fect, frictionless and complete markets. The influence of financial com-
panies’ actions on the guaranty system is analyzed in Section 3. In
Section 4 we derive practical implications out of our results. Section 5
concludes.
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2 Conceptual Framework

Financial guaranty systems — whether focusing on banks or insurance
companies — are subject to numerous discussions. Although capital
market solutions are briefly discussed by some authors, a proposal on
the actual design does not exist. In this section, we formally present a
framework how a guaranty system which requires financial institutions to
transfer their default risk to capital markets could look like. The model
framework is presented in detail and considers the stakes of all involved
players. This system can either be applied to insurance companies or
banks whereas the application to banks is subject to some restrictions
we discuss in paragraph 2.1.

The model structure is similar to that currently found in capital
markets regarding catastrophic or other insurance-linked bonds (see,
e.g., Cummins (2008)). Generally speaking, a special purpose vehicle
is established in which financial companies pay a premium for default
protection and investors provide the corresponding principal. Premium
and principal are invested risk-free. If no default takes place, investors
receive principal, premium and the risk-free rate earned on them as in-
vestment return. In case of default, clients receive an indemnity payment
of up to the whole amount in the special purpose vehicle, i.e., principal,
premium, and the risk-free rate earned on them.

2.1 Basic Design of a Capital Market-Based
Guaranty Scheme

In what follows, we introduce the general framework of our proposed cap-
ital market-based financial guaranty scheme by identifying key players
and their periodical interactions. Furthermore, the corresponding guar-
anty bonds are characterized and the positions of the involved parties
are analyzed. Finally, the illustration in Figure 16 gives a synopsis of
the guaranty system.

Key Players

There are six key players in our model framework, namely the financial
company, its clients, the guaranty vehicle, the organizer of the guaranty
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vehicle, the investors into the guaranty vehicle, and the capital market.
The financial company can be an insurance company, a bank, a pension
fund, or any other financial organization which is relevant in the context
of customer protection. Note, however, that a complete securitization of
all claims in a bank or pension fund would not be feasible since this would
correspond to a simple risk-free investment (and, thus, banks would not
be needed any more). Rather, the guaranty system should focus on
certain kinds of liabilities (i.e., deposit accounts) and not on the financial
company as a whole. This is not necessary but clearly possible with
regard to insurance companies. Hence, in what follows, the denotation
financial company means either a bank that only has deposit accounts
or any kind of insurance company. A refinement with regard to an
application of the system to a bank with different liability classes — of
which only some are to be protected — is straightforward.

The clients are to be protected by the financial guaranty system
against the financial company’s default. Clients protected by the sys-
tem can be privates, small and medium-sized enterprises, companies in
general, and all other potential investors. In case of default, protected
clients receive a compensation payment from the guaranty vehicle. In or-
der to establish the financial guaranty system, the organizer structures
a special purpose vehicle, also called financial guaranty vehicle hereafter,
and places the corresponding bonds in the capital market. This orga-
nizer may be an independent party, e.g., an investment bank, be part
of the financial company itself, or be a special division of the regulatory
authority.

The established guaranty vehicle receives a premium payment from
the financial company for the default protection and a principal payment
from investors. In return, investors receive a risk-adequate return for pro-
viding this capital. The investors might either be external investors, for
instance, privates and other financial companies, or internal investors,
i.e., the financial company itself, in which case the company provides
the required capital on its own. The basic idea behind the inclusion of
internal investors is that the scope of investors can hardly be limited if
the guaranty bonds are publicly traded. As a consequence, the finan-
cial company will clearly be able to invest in its own guaranty vehicle.
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However, the question remains whether such a self-investment leads to
undesirable results. In Section 3, we analyze this aspect in detail. The
guaranty vehicle invests premium and principal in the capital market.
The capital market consists of all other potential market participants
offering investments to the guaranty vehicle.

Interactions between Key Players

Since periodical funding of the system is necessary in order to adjust
premium and principal to the changing risk structure of the financial
company, a one-period setting is employed. The six key players intro-
duced above mainly interact with each other at two points in time: First,
when the guaranty vehicle is established and, second, when it is dissolved.
Figure 15 shows these interactions. The left column displays interactions
which take place at inception of the guaranty system (time ¢ = 0), the
right column those occurring after a one-year time horizon (time ¢ = 1).

In ¢ = 0, the organizer establishes the guaranty vehicle. In return, the
organizer receives a fee payment. For illustrative purposes, we do not in-
clude these fee payments (transaction costs) in our subsequent model
framework. However, the implementation is straightforward. Subse-
quently, the guaranty vehicle issues guaranty bonds which are purchased
by external investors and the financial company itself. Simultaneously,
the financial company pays a premium to the guaranty vehicle for the
default protection and charges this premium payment back to its clients.
Next, the guaranty vehicle invests all proceeds, i.e., principal and pre-
mium payment, risk-free in the capital market.

In ¢ = 1, the guaranty vehicle retrieves principal and premium from
the capital market, both compounded with the risk-free rate of interest.
In case of default of the financial company between times t = 0 and t = 1
(dotted line), the guaranty vehicle provides an indemnity payment to the
financial company’s clients. If no capital remains in the guaranty vehicle
after the indemnity payment, the organizer dissolves the guaranty vehicle
and the investors go away empty-handed. Otherwise, the remaining
capital is distributed to the investors. If the financial company does not
default, all capital is transferred to the investors, after what the guaranty
vehicle is dissolved.
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Figure 15: Ilustration of the interactions between key players in a
market-based financial guaranty system. The left column displays in-
teractions which take place at inception in ¢ = 0, the right column those
in t = 1. The dotted line marks transactions which only take place in
case of default of the financial company.

Characterization of Guaranty Bonds

Following the presentation of all key players and interactions relevant
in the conceptual framework, a description of the guaranty bonds issue
with its underlying parameters is given. At time ¢t = 0, the guaranty

vehicle issues bonds with a principal of My, whereof the amount MéeXt)

is purchased by external investors and Méim) by the financial company
itself, so that

Mo = M"Y + M§™. (72)

For the purpose of our subsequent discussion, it is convenient to express
both parts Mée’(t) and Mémt) relative to the total principal My. Hence,
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we introduce the percentage o, 0 < a < 1, of the principal My which
is purchased by external investors, whereas the remaining part, (1 — «),
purchased by the financial company itself, i.e., we have,

MY = aMy,  and  MS™ = (1-a)M,. (73)

There are two general types of investments the guaranty vehicle could
issue to investors which are known from the insurance linked securities
literature (see, e.g., Cummins (2008)). On the one hand, an issue of
the type principal-at-risk means that investors can lose their capital in-
vested, i.e., My. On the other hand, a coupon-at-risk issue is principal
protected and, thus, only coupon payments may be lost (corresponding
to a money-back-guaranty). In what follows, we assume that investors
can lose their total capital invested (principal-at-risk) as a coupon-at-
risk framework would require to raise much more capital in order to
cover potential compensation payments. In this sense, Cummins (2008,
p. 26) argues that ”principal-protected tranches have become relatively
rare, primarily because they do not provide as much risk capital to the
sponsor as a principal-at-risk bond”.

At time t = 0, the financial company pays a premium Py to the
guaranty vehicle to cover the spread between the risk-free rate of interest
and the interest rate required by investors. In general, one can expect
that this premium payment will be charged back to the company’s clients.
In return, clients receive an indemnity payment in case of the financial
company’s default. The financial company defaults if its assets A; are
not sufficient to cover its liabilities Ly at ¢t = 1, i.e., if A7 < Ly. Then,
clients’ claims occur, corresponding to the difference between assets and
liabilities,

Sy = (L, — AT, (74)

where (-)* stands for max (-,0). Here, note that liabilities L; at ¢t = 1
will be stochastic for an insurance company but will generally be deter-
ministic for banks. In what follows, we work with stochastic liabilities
so that results can be applied to insurers and banks.
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Given default of the financial company, i.e., if S; > 0, clients receive
the compensation (indemnity) payment I;. This indemnity payment has
a certain cap S{ﬁ > 0, i.e., a given maximum claims amount which can
be covered, as the capital hold by the guaranty vehicle is limited. That is
to say, clients receive the lower of their actual claims S; and the cap SYB ),
Thus, the compensation payment is determined by

I, = min (S@, Sl) . (75)

The special purpose vehicle invests the principal M, as well as the pre-
mium payment Py at the risk-free rate of interest r¢. Subsequently, given
that investors receive all capital available after covering the compensa-
tion payments to the company’s clients, the investors’ rate of return rg
can be expressed as

(M0+P0)(1+T'f) —Il

re = A, — 1. (76)

Hence, the investors’ return equals the principal and the premium pay-
ment both compounded with the risk-free rate of interest minus possi-
ble indemnity payments, the whole divided by the initial capital invest-
ment My. Next, the principal My which has to be invested in order to
exactly match the maximum claims amount covered S§ﬂ ) in all states of
the world can be calculated:

S = (Mo + Py) (1 +74) >0
5
<~ MO = l-I—Tf_PO. (77)

Equation (77) shows that the principal equals the coverage cap S? )
discounted at the risk-free rate of interest minus the initial premium
payment.
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Clients’, Investors’, and the Financial Company’s Stakes

We now turn to the stakes of clients, investors, and the financial company
in order to show and interpret the formal composition of them. This pro-
vides the basis for the derivation of closed-form solutions for principal
and premium in a perfect, frictionless, and complete market setting. Fig-
ure 16 provides an overview of cash flows at times ¢ = 0 and ¢t = 1. Based
on the latter and given Equations (75)-(77), the aggregate positions of
the different players in ¢ = 0 can be derived.

At inception, clients pay the premium P, and receive the present
value of the indemnity payment PV[I;]. Thus, the aggregate clients’
position in ¢t = 0 is given by

Wy = —Py+PVI[I]
_Py+PV {min (S§ﬁ)7 Sl)}

—Py+PV[Sy] - PV [max (51 - 0)] . (18)

In the derivation of Equation (78), the present value of the indemnity
payment PV[I;] can be subdivided, by applying Equation (75), into the
present value of the actual claims amount PV[S;] from which the present
value of the claims amount exceeding the coverage cap is subtracted
PV [max(S’l - S%B),O)]. The latter can be interpreted as the present
value of the guaranty vehicle’s default put option (DPO hereafter) which
expresses the marginal or fair premium which would be required for a
risk management measure to completely secure all clients’ claims S7.

External investors provide the amount aMj to the guaranty vehicle
and receive a rate rs on this investment in return (cf. Equations (73)
and (76)). Subsequently, we can express the aggregate position of exter-
nal investors in t = 0 as follows:

W = — aMy + PV [aMy (1 +14)] . (79)

Equation (79) can be decomposed by means of Equations (75) and (77)
to
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Wi = a(—Mo+PV[(Po+MO)(1+Tf> _IlD

S

_ a( ~ My +PV [5@] +PV [max (Sl e o)}

—PVI[S] ) (80)

Equation (80) shows that the external investors’ position consists of four
elements (multiplied with the coefficient «): the initial payment of the
principal My, the present value of the coverage cap PV [S;ﬁ )], and the
present value of the guaranty vehicle’s DPO PV [max(Sl — Sgﬁ ), 0)], mi-
nus the present value of actual claims payments PV [S].

The financial company’s position consists of two different parts. On
the one hand, the financial company itself might be an investor and thus
have a similar position like the external investors. On the other hand,
the financial company pays the premium and charges it back to its clients.
Hence, the aggregate position of the financial company in ¢t = 0 is

W = (1= a)(=My+PV[My (1+1r)]) — Py + P

(1-a) ( ~ My +PV [s}f”} +PV [max (s1 e o)}

- PV [51]) (81)

Comparing Equations (80) and (81), we note that the financial com-
pany’s position only differs from the external investors’ one due to the
coefficient o as premium payments are supposed to be completely trans-
ferred to clients.

Finally, and for the sake of simplification, we do not include any fee
payments and hence the organizer’s position is nil as the organizer pays
in and receives nothing out of the system.
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2.2 Fair Valuation of Premium and Principal

In this paragraph, we derive closed-form solutions for the above-defined
premium P and principal M for the case in which the guaranty vehicle
is solely funded by external investors, i.e., « = 1. An analysis of these
values with respect to different coverage levels Sf’ﬁ ) will provide an indi-
cation on the size of premium and principal and lays the basis for further
analyses in different market settings.

In a perfect, frictionless, and complete market setting, the net present
value of each investment should equal zero. Thus, the position of each
market participant in our framework needs to be zero, i.e.,

Wi =wi =wih =o. (82)

Clients’ Premium

Subsequently, we can calculate the required premium F, by combining
Equations (78) and (82)

Py=PV|[] = PV[$] - PV [max (51 — 88, 0)} . (83)

Equation (83) shows that the premium equals the present value of the
claims minus the present value of the guaranty vehicle’s DPO. In order to
derive a closed-form solution, we assume that assets A; and liabilities L,
of the financial company follow a geometric Brownian motion with con-
stant drifts, pa and pr, and constant volatilities, 04 and or. Thereby,
we need to assume that the financial company does not invest in its own
guaranty vehicle, i.e., & = 1, since the derivation of closed-form solutions
would not be possible otherwise.’! We analyze this aspect in more detail
in Section 3. Thus, asset and liability process are described by

dA; =padidt + o4 AdW) 4, (84)
dL; =prLedt + op LydWE (85)

61T ater on, we will see that the assumption of a geometric Brownian motion does
not hold if the financial company invests in its own guaranty vehicle.
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where Wit and Wgt are correlated standard P-Brownian motions with
correlation coefficient p4 1, defined by th(A)th(L) = pa,rdt.

Under the risk-neutral martingale measure Q, the drift changes to the
risk-free rate of interest 7¢. The solutions of the stochastic differential
equations, Equation (84) and (85), in ¢t = 1 under the risk-neutral mea-
sure are given by (see, e.g., Bjork (2004))

Ay =Agexp [(rf — 0124/2) + UAW,?J] , (86)

Ly =Loexp [(rf —02/2) + aLWSJ . (87)

Next, considering the first part of Equation (83) and Equation (74),
the present value of the claims PV [S1] can be regarded as the value of an
option to exchange one asset for another. Thus, we can derive a closed-
form solution by means of the formulas provided by Fischer (1978) and
Margrabe (1978). This derivation yields

PV [$;] =E° [exp (—r¢) (L1 — Al)ﬂ

—LoN (dga>) — AN (d(;)) , (5

where N(-) denotes the value of the cumulative normal distribution and

d(a) - 1H(L0/A0)+(3’2/2
1 — ~

d(a) — d(‘l) _ A
5 2 1 g,

)

~2 2 2
0° =07 +03 —2pA0L0A.

Next, we turn to the second part of Equation (83), namely the value
of the guaranty vehicle’s DPO which is formally given by PV [max(S; —
S§ﬂ ),O)] Given that the maximum claims amount covered is always
positive Sﬁﬁ ) >0 (see Equation (77)), the DPO value can be rewritten
as follows

PV [max (51 - 5§5>,o)] - PV [max ((L1 ANt - S@,o)}

- PV [max (L1 A - S§ﬁ>,0)} . (89)
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This equation cannot be solved explicitly without closer definition of the
maximum coverage Sfﬁ ). We express the coverage cap S%’B ) relative to
liabilities in ¢ = 1 which allows us to derive a closed-form solution,

S¥ = 8L, (90)

where 0 < 8 < 1 is the coverage parameter. Then, Equation (89) can be
solved by applying again the formulas provided by Fischer (1978) and
Margrabe (1978)

PV {max (L1 — A — Sgﬁ),O)} = PV [max((1—8)L; — A1,0)]
= (1= B)LoN (d")
—AgN (dgb)) , (91)
with

¢ = 0l = B)Lo/Ao) + 52/2

g

, Ay =d —s,
652 = 0'% + 0[24 — 2PA,LOLOA.

Finally, combining Equations (88) and (91), we can express the pre-

mium Py as
Py =L (N (dﬁ“)) —(1-p)N (dﬁ”))

+ A (N (dgb)) - N (dg‘”)) .

Investors’ Principal

(92)

Combining Equation (82) and Equation (80) or (81), the corresponding
principal My can be calculated with

My =PV [sf’”} +PV [max (51 2 o)] ~“PV[S)].  (93)

That is to say, the principal equals the sum of the present value of the
coverage cap and the present value of the guaranty vehicle’s DPO, minus
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the present value of the actual claims. Given Equations (83) and (90)
the principal can be expressed as follows

My = PV [5@] _PVI[S] + PV [max (51 — 88, o)}
= PV[BL] - P
= BLo— P. (94)

Premium and Principal for Different Coverage Levels

The objective of this paragraph is to provide an indication of the mag-
nitude of the premium Py, the principal My, and their constituents. In
addition, we show how and to what extent the required coverage ratio 3,
introduced in Equation (90), influences these elements for different asset
volatilities o 4.

For this illustration, we fix model parameters, unless stated oth-
erwise, as follows. We consider a financial company with initial as-
sets Ag = 100 and liabilities Ly = 80, whereas both quantities are
expressed in million currency units. The asset volatility takes values
of o4 € {0.05,0.10,0.15}, while the volatility of liabilities is fixed at o7, =
0.05. We set the correlation between assets and liabilities equal to pa,r, =
0.1 and the risk-free rate of return to ry = 0.02.

Table 25 shows the present value of actual claims PV [S;], the present
value of the guaranty vehicle’s DPO PV[(Sl — Siﬁ))ﬂ, the present value
of the coverage cap PV[SYi )], the principal My, and the premium F,
for different coverage ratios 8 and the three different asset volatilities.
In addition, we calculate the ratio Py/Ly which expresses the premium
relative to liabilities in ¢ = 0.

Table 25 illustrates that the value of the guaranty vehicle’s DPO,
PV [(Sl —Siﬁ ))ﬂ , converges relatively fast to zero for increasing coverage
ratios 8. Naturally, the present value of claims and the default put
option value are, ceteris paribus, higher the higher the asset volatility.
The last column, which expresses the premium required relative to the
initial liabilities Py/Lg, clarifies that the premium which would have to
be paid by the financial company — and thus by its clients — appears to be
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g8 PV[si] PV[(Si—SP)T] Pv[s] Mo Py Po/Lo
o4 =005
0.00 0.00 0.000690 0 0.000 0.000 0.000%
0.05 0.00 0.000028 4 3.999  0.001 0.001%
0.10 0.00 0.000001 8  7.999 0.001 0.001%
0.15 0.00 0.000000 12 11.999 0.001  0.001%
0.20 0.00 0.000000 16 15999 0.001  0.001%
0.25 0.00 0.000000 20 19.999  0.001  0.001%
0.30 0.00 0.000000 24 23.999  0.001 0.001%
0.40 0.00 0.000000 32 31.999  0.001 0.001%
0.50 0.00 0.000000 40 39.999  0.001  0.001%
o4 =0.10
0.00 0.07 0.065332 0 0.000 0.000 0.000%
0.05 0.07 0.015557 4 3950 0.050 0.062%
0.10 0.07 0.002772 8  7.937 0.063 0.078%
0.15 0.07 0.000351 12 11.935 0.065 0.081%
0.20 0.07 0.000030 16 15935 0.065 0.082%
0.25 0.07 0.000002 20 19.935 0.065 0.082%
0.30 0.07 0.000000 24 23935 0065 0.082%
0.40 0.07 0.000000 32 31935 0065 0.082%
0.50 0.07 0.000000 40 39.935 0.065  0.082%
op =0.15
0.00 0.44 0.443333 0 0.000 0.000 0.000%
0.05 0.44 0.195086 4 3752 0248 0.310%
0.10 0.44 0.074499 8 7631 0.369 0.461%
0.15 0.44 0.024064 12 11.581 0.419  0.524%
0.20 0.44 0.006374 16 15.563  0.437 0.546%
0.25 0.44 0.001333 20 19558 0.442  0.553%
0.30 0.44 0.000210 24 23557 0443  0.554%
0.40 0.44 0.000002 32 31557 0443  0.554%
0.50 0.44 0.000000 40 39.557 0.443  0.554%

Table 25: Illustration of the premium Py, its two constituents PV [S]
and PV[(Sl — Sfﬁ))"’], the present value of the coverage cap PV [S%ﬁ)],
and the principal M; for different coverage ratios 8 and three different
asset volatilities 0 4. Values calculated are in million currency units.
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relatively low for all reported volatilities. For comparison, compulsory
charges in existing insurance guaranty schemes are on average around
1% of the premiums (see, e.g., Schmeiser and Wagner (2010, Table 1)).

For an insurance company, an asset volatility of o4 = 0.05 is rea-
sonable. Table 25 shows that, given this volatility, the present value of
the guaranty vehicle’s DPO, PV[(S; — S%ﬂ))"’], is very low. As a con-
sequence, a coverage ratio of 8 = 0.05 could already lead to a situation
which is close to a full securitization. This implies that the principal My
which needs to be provided by the capital market will be less than 5%
of the financial company’s liabilities.

3 Financial Companies’ Influence on the

Guaranty System

The analyses presented in the previous section provide closed-form solu-
tions for the premium Py and the corresponding principal My. Next, we
turn to certain problems which might arise when implementing such a
financial guaranty system in practice. In particular, we intend to analyze
whether the financial companies themselves might be able to influence
the effectiveness of the guaranty system by taking certain investment
actions. Hereby, we focus on a worst case scenario in order to illustrate
our results.

3.1 Financial Company Invests in Own Guaranty
Vehicle

In Paragraph 2.2, we assume that the financial company does not invest
in the guaranty vehicle covering its own defaults by setting a = 1. Thus,
the question arises what happens if the financial company invests in its
own guaranty vehicle, i.e., if (1 —a) > 0. For the financial company, this
investment will provide stable returns as long as its financial situation
remains stable, i.e.; if no shortfall occurs. However, as soon as distress
arises and the guaranty vehicle is to secure clients’ claims, the company’s
asset value will further deteriorate as the guaranty bonds will have a large
loss in value.
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In the extreme case, the financial company would provide the com-
plete capital to the guaranty vehicle, i.e., « = 0. Then, no additional
capital would be provided by the guaranty vehicle. On the other hand,
the asset volatility of the financial company’s portfolio would decrease
since the guaranty vehicle invests in the risk-free rate of interest and,
thus, more capital of the financial company would ceteris paribus be
invested risk-free. This direction of acting and its effects are then com-
parable to increasing the amount of assets held in risk-free investments,
corresponding rather, e.g., to a reaction on asset allocation requirements.

To clarify these points, we formalize this discussion. The general
assumption that the financial company’s assets follow a geometric Brow-
nian motion remains. However, assets invested in the company’s own
special purpose vehicle, i.e., for 0 < a < 1, do not follow a geometric
Brownian motion and change the portfolio’s asset process due to the
dependence on the financial company’s portfolio. Subsequently, and in
general, assets in ¢ = 1 are expressed by

* = (1 - (1_Aoi))M°> A+ (1-a) (S§"’ - Il) . (95)

In the case where no investments in the own guaranty vehicle are made
(case with a = 1), Equation (95) reduces to the asset value based on
the geometric Brownian motion, i.e., A7 = A;. For 0 < a < 1, the
fraction (1 — «) My/Ap of all assets will be invested in the own guaranty
vehicle and, thus, the fraction (1 — «) of the guaranty vehicle’s payoff
int=1, (S§B) — Il), is attributable to the financial company’s assets.

As long as the financial company does not default (S; = 0), the in-
demnity payment I; will be zero. Simultaneously, S;ﬁ ) is positive, given,
and provides a return above the risk-free rate relative to the invested
capital (1 — a)My (cf. Equation (77)). As a consequence, the variance

of the asset value in ¢t = 1 will decrease (given no default) since

2
o2 (A7) = (1_WJ> o2, it I =0, (96)
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which is smaller than 0% for all 0 < o < 1.

However, Equation (95) shows that losses faced by clients will become
more severe in the case of default since indemnity payments will take
place (i.e., I; > 0) as soon as A} < Ly which will additionally lower the
asset value Aj.

3.2 Financial Company Invests in Other Guaranty
Vehicle

Similarly, the question arises whether contagion effects might occur if
one financial company invests in the guaranty vehicle of another finan-
cial company. Here, results will depend on the correlation structure.
Generally, one can expect that the higher the correlation between assets
and liabilities of the two different companies, the closer results will get
to investments in the own guaranty vehicle.

In order to analyze these aspects in more detail, a second financial
company is introduced. Both companies, denoted by ¢ = 1 and ¢ = 2
and the respective variables with superscripts (i), are supposed to be
identical, meaning that their assets and liabilities follow the same process,
ie.,

1 2 1 1 1 2
AB)ZA((J)7U,(4)=U,(4)7ME4)=ME4)7

1 2 1 2) (1 2
1Y = 182 o) = ol =

PAM) L) = PAR) L)

Assuming that both companies do not invest in their own guaranty bonds
(i.e., a = 1), assets in ¢ = 1 can be described by

M

* i 2

AP = <1—A(1)0 A 4@ (S@—ﬁ >), (97)
0

@) pr2

* Y

A?) (1 - A(z)o A§2) ++@ (Sgﬁ) - Ifl)) ) (98)
0

whereas the parameter 0 < 4 < 1, 7 € {1,2},defines which percentage
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of the other company’s guaranty bonds is purchased. Similar to Equa-
tion (95), W(i)M(Si) /A(()i) defines the proportion of assets that is invested
in the other company’s guaranty vehicle.

One important observation with regard to Equations (97) and (98) is
that the default of one financial company will have a negative effect on
the asset value of the second one. This points out that contagion effects

can occur.

To clarify the previously mentioned point that a high correlation be-
tween both companies’ assets and liabilities will yield similar results like
seen in the case of one company investing in its own guaranty vehicle,
we consider the following: Both financial companies purchase the same
stake of the other’s financial guaranty bonds. That is to say, company 1
purchases a fraction v() > 0 of company 2’s guaranty bonds and com-
pany 2 purchases () = () > 0 of company 1’s guaranty bonds. Then,
if the correlation between assets (and liabilities respectively) of company
1 and 2 is perfectly positive, i.e., psa) 4 = 1, results will be the same
as if the companies invested in their own guaranty vehicles, and the for-
mulas from the previous paragraph hold with (1 — «) = .

Our discussion shows the form and direction of the influence both
kinds of action have. However, to illustrate size and relevance, we provide
different numerical examples. To do so, we analyze the two different
actions which might be taken by the financial companies described above:

1. The financial company purchases guaranty bonds of its own guar-
anty vehicle.

2. The financial company purchases guaranty bonds of another fi-
nancial company whereas both companies’ assets have a certain

positive correlation.

3.3 Stakeholders and Relevant Risk Figures

In order to measure the effects of the previously described actions, we
determine relevant stakeholders and define risk figures describing how
much the individual stakeholders are actually affected.



IV A CAPITAL MARKET-BASED GUARANTY SCHEME

188

*SBTNULIOY
Surpuodsa110o o1} sAe[dSIp UWN[OD 1SB] 9} PUE ‘JURAI[SI 9 JYSIW SINSLIW ) YDIYM I0J SIOPJOYI RIS oY} UIN]0D
PUO029s a1} ‘oINS oY} SOqLIISOP UWNJOD 4SI Y], ‘Suorjoe sAuedwod [eUeUy o) Aq pajoape oq S yorgm
(107R[N301 ‘SHULID ‘SI0ISOATT) SIOP[OTENR)S 0F JURAJ[I soInsesw (Ysi1) Jo sdnoid Imoj o) jo Arewrung :9g o[qeL,

(s> ()S [((38 — ')l 109R[NS9Y ‘SyuLI) 08©I0A00 JUSIDLNSUI SIY} JO Junouwre pajoodxry
swIre SYUSIO [
(g > ( mwmv& 103e[N8Y ‘SIUSI[)  IoA0D jouued IIYAA Ajuerens oy} jeyy Ayrqeqoid ¥
(0< (SU0< 18)d 10geIey somIIqeqod [[ejiIoys Juof ¢
[0 < TS| Ts)a I0yen3ey j[nejop uodn [BUOIIIPUOD [[€J1I0YSs pojoadxy
(0<19)d  1oyemn3oy ‘siogsoauf senyriqeqoid (jmejop) [[ejiioys o[Sul§ g
[(ua — su]og SI0)SoAT] SI0)SoAUT Aq PoATedal pealds pajoadxy T
RINULIO] SIopOyaYe)S oS




3.4 Numerical Illustration 189

Based on Figure 16, three major stakeholders, which could be af-
fected by the two specific actions which the financial company can take,
are identified. First, the clients who seek default protection who are
interested in the safety of their investment. As mentioned, the possible
investment actions might influence default probabilities and the extent
of an actual default of the financial company. Assuming that clients
are mainly interested in losses they actually face, they will be inter-
ested in whether the guaranty vehicle cannot cover all their claims given
default P(S%ﬂ ) < S1) and the expected amount of this insufficient cover-
age E[(S; — S| 819 < gy].

The second group of stakeholders affected are the external and in-
ternal investors who search for profitable investments. This group of
stakeholders will not be in focus but we include them for the sake of
completeness. To them, the expected spread they receive on their invest-
ment E[rs — r¢] and, additionally, shortfall probabilities P(S; > 0) will
be relevant.

Finally, the regulator whose mission it is to enhance financial sta-
bility and ensure customer protection is another major stakeholder. In
the context of financial stability, shortfall probabilities P(S; > 0), ex-
pected shortfalls E[S7 [S1 > 0], and, in particular, joint shortfall prob-
abilities P(S!Y > 01 S > 0) are key risk figures. With regard to
customer protection, the same figures relevant to clients appear to be
important, i.e., the probability that the guaranty vehicle cannot cover
all claims and the corresponding expected amount.

Summarizing, we focus on four groups of (risk) measures which are

recapitulated in Table 26.

3.4 Numerical Illustration

In this paragraph, an analysis of the impact of the two different actions,
which might be taken by the financial company protected by the guaranty
vehicle, on the four general groups of measures defined in Table 26 is
carried out.
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For the numerical analysis, we fix the input parameters, unless oth-
erwise stated, as provided in Table 27.52 Recall that assets Ay and
liabilities Lo are expressed in million currency units. Our calibration
corresponds to a worst case scenario, i.e., the asset volatility o4 and,
thus, the coverage parameter 3 are higher than regular empirical data.%3
Numerical results are derived by means of Monte Carlo simulation us-
ing 10000000 paths. Each path solves iteratively for the asset value A}
along Equation (95) and Equations (97) and (98) respectively.

Parameter Denotation = Value
Initial assets Ay 100
Asset drift A 0.05
Volatility of assets oA 0.15
Initial liabilities Lo 80
Liability drift WL 0.03
Volatility of liabilities or 0.05
Correlation between assets PA,L 0.1

and liabilities

Risk-free rate of interest e 0.02
Coverage parameter 15} 0.3
Percentage purchased by ! [0;1]

external investors

Table 27: Parameter combinations applied in the numerical analysis.

62The analysis can be carried out using other parameter combinations. However,
the effects and results are similar and yield identical practical implications.
63We work with this worst case scenario for illustrative purposes.
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Premium and Principal

In order to base our simulation results on appropriate values of premium
and principal, we calculate the fair values of premium and principal for
all investment fractions (1 — a)) and ~() regarded given the parameter
combinations provided in Table 27. To do so, we numerically solve for
the asset value A} and for the corresponding premium P, and princi-
pal My under the risk-neutral measure Q along Equations (97), (83)
and (77) (for each a and () regarded). Figure 17 provides the values
obtained: panel (a) shows the calculated fair premiums, panel (b) the
fair principals corresponding to the different investment situations.

As seen in Table 25 (record with o4 = 0.15 and § = 0.3), if @ = 1 and
7 = 0, this procedure leads to a premium of Py = 0.44 and a principal
of My = 23.56. For all other o and (¥, the premium Py is highest if the
financial company invests in its own guaranty bonds and lowest if the
financial company invests in foreign guaranty bonds with low correlation
(pa) ae = 0.2). The reverse is true for the principal since the sum of
premium and principal is constant in all cases, Py + My = Sgﬂ) =24.

Figure 17a shows that the premium either decreases or increases for
increasing (1 —«) and ~(®) . For instance, if pAam a@ = 0.5, the premium
first decreases and then increases again. This is due to two opposing
effects. On the one hand, shortfall probabilities decrease with increasing
(1 — @) and 7 which lowers the premium Py — recall the already dis-
cussed decrease in asset volatility 0?(A}) due to the higher amount that
is actually invested risk-free (see Equation (96)). On the other hand,
occurring defaults will yield larger losses with increasing (1 —«a) and can
yield larger losses with increasing v(?). This raises the premium P,. Here,
consider again Equations (95) and (97). As soon as a financial company
defaults, indemnity payments will take place (i.e., Iy > 0) which will
lower the asset value A} or Agi)* of the financial company investing in
the guaranty bonds. The subsequent analysis of the different shortfall
measures will clarify these points.
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Financial Company Invests in Own Guaranty Vehicle

Now, we turn to the measures introduced in Table 26 and move to the
real-world measure P. First, we focus on the case in which the financial
company invests in its own guaranty vehicle. Figure 18 shows the ex-
pected spread over the risk-free rate of return E[rs — r¢] investors receive
for different values of «.

The expected spread appears to be relatively stable for all (1—«). For
increasing values of (1—a), the expected spread marginally increases. Re-

sults directly correspond to the different underlying premiums reported
in Figure 17a.

1.0

rs—rd in %
0.5
|

0.0

(a) Expected spread over risk-free rate

Figure 18: Expected spread over the risk-free rate E[rs — r¢] (in %) if

the financial company purchases the fraction (1 — «) of its own financial
guaranty bonds.
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Figure 19 displays different shortfall measures for varying «. Panel (a)
displays the probability that the financial company defaults P(S; > 0)
and panel (b) the expected loss conditional upon default E[S;|S; > 0].
Panel (c) shows the probability that the guaranty vehicle cannot cover
the complete loss faced by clients P(S;B ) < S1) and, corresponding to
these probabilities, panel (d) displays the expected amount the actual
loss exceeds the maximum coverage conditional upon exceeding this max-
imum coverage E[(S1 — S}B)) | Sﬁﬁ) < Si]. Note that values calculated
in panel (d) correspond to the probabilities reported in panel (¢). As
probabilities for low (1 — «) are comparably low, we observe slight ap-
proximation errors for low (1 — «).

The default probability decreases if the fraction of guaranty bonds
purchased by the financial company itself (1 — «) increases. This can be
explained by the reduced asset volatility as long as the company does not
default — recall that the higher the investment in own guaranty bonds,
the higher the portion of the financial company’s assets which is actually
invested risk-free. However, the expected loss in case of default of the
financial company increases extensively with higher participation of the
financial company (1 — «). This is due to indemnity payments to clients
that will take place if the financial company defaults which will addition-
ally lower the asset value A} of the already bankrupt financial company.
Thus, though a purchase of financial guaranty bonds by the financial
company itself reduces the probability of default, occurring defaults will
become more severe.

In line with these results, the probability that the loss exceeds the
maximum coverage increases with higher participation of the financial
company. The expected amount which cannot be covered by the guar-
anty vehicle slightly increases for increasing (1 — «).

To conclude, a purchase of own guaranty bonds leads to a reduction
in probabilities of default, an increase in probabilities that the guaranty
vehicle cannot cover all claims, and occurring defaults yield larger losses.
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Financial Company Invests in other Guaranty Vehicle

Next, we allow both financial companies to purchase a stake of the
other’s financial guaranty bonds. That is to say, company 1 purchases
a fraction v of the second company’s guaranty bonds, and company 2
purchases a part ¥ of company 1’s guaranty bonds. For our nu-
merical analysis, we always assume that v(!) = ~(). We focus on
three different correlations between the assets of the two companies,
namely ps s € {0.20,0.50,0.80}, and assume the same correlation
coefficients regarding liabilities, i.e., ps1) a2 = pro) Lo -

Figure 20 displays the expected spread over the risk-free rate F[rs—ry]
investors receive for increasing v(*), i = 1,2. Note that we always show
numbers for one of the two financial companies. As the companies are
homogeneous, results for both are the same. The expected spread is al-
ways lowest with a low correlation coefficient (curve for p A AR) = 0.2)
and highest with a high one (curve for p,a) 42 = 0.8). The calculated
spreads can directly be related to the different underlying premiums re-
ported in Figure 17a.

In Figure 21a we plot shortfall probabilities P(S; > 0) and in Fig-
ure 21b the expected shortfall given default E[S;|S1 > 0] of one of
the two financial companies for increasing (*). Shortfall probabilities
decrease for increasing v() whereas the decline is highest with low cor-
relation (psa) 4@ = 0.2). Expected shortfalls given default are highest
with a high correlation and lowest with a low one. With p4a) 42 = 0.8
and pym) a4 = 0.5, expected shortfalls increase for increasing @)
with psa) a@ = 0.2 the expected shortfall first decreases slightly and
then increases again. As with regard to Figure 19, these results can gen-
erally be explained by a decreasing volatility of the asset portfolio and
indemnity payments that will lower the asset value (Agi)*) of the financial
company investing in these guaranty bonds of the bankrupt one. The
decrease in expected shortfalls with a low correlation (p A, AR) = 0.2)
can be explained by diversification effects.
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Figure 20: Expected spread over the risk-free rate E[rs — r¢ (in %)
received by investors of financial company 1 (or 2) if financial company
1 purchases fraction 7!) of company 2’s financial guaranty bonds and
financial company 2 purchases fraction 42} of company 1’s financial
guaranty bonds, with 41 = ~(2),

Table 28 shows the corresponding joint shortfall probabilities P (Sil) >
0N Sf) > 0) and shortfall probabilities of company 1 (2) conditional on
shortfall of company 2 (1) P(S?) > 0] Sf) > 0) for different values
of v = ~4(2) Naturally, joint shortfall probabilities are highest with
a high correlation between the two companies’ assets and lowest with a
low one. For increasing v(*), joint shortfall probabilities decrease for all
reported correlation coefficients. Here, remember that single shortfall
probabilities also decrease. However, the conditional shortfall probabili-
ties show that the probability that one financial company defaults given
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that one financial company has already defaulted highly increases with
increasing v(*) (contagion). Consider, for example, the extreme case in
which v(!) = ~(2) = 1. The probability that the second financial com-
pany defaults given that the other one already defaulted is 15.8% with
a low correlation and even 63.6% with a high correlation.

Next, Figure 21c shows the probability that the guaranty vehicle can-
not cover all losses faced by the financial company’s clients P(Sy3 ) < S1)
and Figure 21d the expected amount which cannot be covered given
that not all claims can be covered E[(S7 — Sya)) | S§B) < S1]. Note that
values calculated in Figure 21d correspond to the comparably low prob-
abilities reported in Figure 21c. As a consequence, we observe a small
approximation error in Figure 21d. The probability that not all claims
can be covered generally increases with increasing () for all correlations
whereas highest probabilities can be observed with high correlation and
lowest with low correlation. The expected amount which cannot be
covered increases with increasing v for high and medium correlation
but first decreases and then increases with low correlation. Again, this
decrease with a low correlation (pqa) 42 = 0.2) can be explained by
diversification effects. The other results can generally be explained by a
decreasing volatility of the asset portfolio and indemnity payments that
will lower the asset value A{"*.

To conclude this section, let us point out that, if both companies
purchase financial guaranty bonds of the other financial company in
the same amount, probabilities of default decrease, occurring defaults
yield larger losses (except for low correlation between the two compa-
nies’ assets), the probability that not all claims can be covered generally
increases, and the expected amount which cannot be covered increase
as well (except for low correlation between the two companies’ assets).
The effect on joint shortfall probabilities depends on the participation,
but contagion effects appear to increase with increasing investments in
the other’s guaranty vehicle. Note that we also analyzed the case in
which only one financial company invests in the guaranty vehicle of an-
other financial company whereas the other financial company does not
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change its behavior. Results, however, are very similar and do not not-
edly deepen the insights.4

4 Practical Implications and Further

Comments

The numerical analysis presented in Section 3.4 shows that financial
companies can significantly influence the effectiveness of our proposed
capital market-based guaranty scheme. In what follows, we first discuss
our numerical results with regard to their practical implications. Then,
we further comment on advantages and drawbacks of the proposed sys-

tem.

First, we consider the investment of a financial company in its own
guaranty vehicle. At first sight, this action might even appear to be
advantageous as probabilities of default decrease. However, in fact, the
financial company levers the guaranty system out as the capital which
should be additionally raised in the system is not raised. Instead, the
financial company imposes more or less restrictions on its own capital in-
vestments as the guaranty vehicle invests all proceeds at the risk-free rate.
This effect could be achieved more easily by just imposing capital alloca-
tion requirements for financial companies. As a consequence, if defaults
occur, they become more severe than without any self-investments. From
a client’s perspective, one of the most important questions is whether and
to what extent the guaranty vehicle with the corresponding cap might not
be able to cover clients’ claims. Our numerical analysis shows that the
probability of such events and the extent of these events increases with
an increasing amount of investment in the own guaranty vehicle. Thus,
self-investments appear to be highly problematic as they counteract reg-
ulatory intentions. Nevertheless, prohibiting these self-investments is
straightforward since companies already have to account for holdings of
own stocks and bonds in their balance sheet.

64Further analysis results are available upon request.
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Second, consider investments of financial companies in other finan-
cial companies’ guaranty bonds. Here, results depend on the actual
correlation between assets and liabilities of the different financial compa-
nies. Generally, low correlations between the financial companies’ portfo-
lios might lead to positive effects on shortfall probabilities and expected
shortfalls due to diversification effects. However, the higher the correla-
tion, the closer results get to our observations with regard to investments
in the own guaranty vehicle. And, importantly, contagion effects seem
to increase with increasing investments in the other’s guaranty vehicle.
Thus, investments in foreign guaranty vehicles can be problematic, es-
pecially if correlations between the respective financial companies are
high. On the other hand, investments in the guaranty vehicle of a fi-
nancial company with low correlation, e.g., in another business segment,
might generate additional diversification effects. The question remains
whether a supervisor can restrict the kind of investors if a product is
publicly traded, especially if guaranty bonds are part of a diversified
fund financial companies would usually invest in. Here, clear investment
limits (caps regarding investments in guaranty vehicles) need to be es-
tablished in supervisory law.

Furthermore, there are some other challenges concerning the pro-
posed framework which need to be considered:

- Transaction costs: Transaction costs and organization fees — which
have been put aside in the model illustration — might make the
proposed guaranty system highly expensive. Especially the estab-
lishment of one SPV per financial company might appear problem-
atic in this regard. However, instead of establishing various SPVs,
one could structure one large credit-linked note per company which
would be hold by a trust company. Results and implications would
remain the same but structuring costs would decrease. Besides, as
already mentioned, our proposed framework issues bonds focusing
on credit risk and the credit market is already well established

(CDS, CDOs, etc.).

- Spreads and volume: There might not be enough investors willing
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to invest in this kind of financial product. This could limit the
liquidity or lead to exaggerated spreads. This problem could be
solved by raising capital through a stepwise increase of the prin-
cipal starting from zero. This mode of financing and establishing
a guaranty fund has been chosen, for instance, in the German life
insurance guaranty fund where required funds are collected over a
period of five years.%® In addition, the market for credit risks is
well established and apparent risks should be comprehensible to
investors. Thus, investors should, in general, be willing to invest
into the guaranty bonds as long as an adequate risk premium is
provided.

Besides, spreads might highly change on a year to year basis. Thus,
if a financial company is already in financial distress, its premiums
are expected to rise and might even worsen this distress. Similarly,
as seen in the recent financial crisis, the default of one financial
company might lead to increasing spreads for other ones so that
contagion effects might occur. Nevertheless, as long as bankruptcy
is declared on time, the capital market-based guaranty system can
secure clients’ claims — recall that system protection is not in focus
of the proposed framework. In addition, if spreads become too
high, a financial company might still take other risk management
measures to reduce the spread required.

- Impact on the market: We assume that the guaranty vehicle in-
vests all proceeds risk-free in the capital market. Here, the ques-
tion arises whether the capital market can provide enough risk-free
capital and whether this capital is actually risk-free. Again, this
issue could be solved by a stepwise increase of the principal over
time. Besides, current insurance guaranty and deposit insurance
systems have a similar fund volume which is currently invested in
the capital market (and would be dissolved if our proposal was
implemented). In order to ensure that the provided capital is actu-

65See  Protektor  Lebensversicherungs-AG,  http://www.protektor-ag.de/
sicherungsfonds/finanzierung/72.aspx.
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ally risk-free, a swap arrangement could be used as currently done
regarding insurance-linked securities.

Although there are some challenges concerning the implementation
of the proposed capital market-based financial guaranty system, the dis-
cussion above shows that most of them can be solved. Then, the capital
market-based financial guaranty systems provides various advantages:

- High liquidity: Firstly, the proposed guaranty system offers ac-
cess to the high amount of capital available in financial markets.
Compared to existing guaranty systems which are mostly funded
through compulsory contributions from the financial companies,
the set of possible investors and, thus, the sources for funding are
widespread. Hence, capital market-based guaranty systems can be
structured to even cover shortfalls of major financial companies
whose weight in existing schemes is often too large to be solely
covered by it. Therefore, ultimate help from the state is currently
needed, i.e., from taxpayers. The major bail-outs which occurred
during the recent financial market crisis clarified this point. Sim-
ilarly, our proposed system allows to protect all potential clients,
from privates to large companies, which is opposed to current sys-
tems that often only protect private customers and, sometimes,

small and medium-sized enterprises.

- Risk-adequate premiums: The market-based funding ensures, sec-
ondly, that market-driven, risk-adequate premiums arise. Thus,
in contrast to various current financial guaranty systems, financial
companies pay premiums corresponding to their risk situation —
not to their volume. As briefly mentioned in the introduction and
as reported in, e.g., Oxera (2007), existing guaranty schemes often
target a fund volume by imposing a sourcing through volume-based
contributions. These charges, as discussed in Rymaszewski et al.
(2010), can imply various adverse incentives among the different
market players. Market-based funding incentivizes, by definition,
risk-adequate charges.

- No cross-subsidization: Recall that existing guaranty schemes with
ex post charges can never be organized in a truly risk-based way nor
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avoid cross-subsidization effects due to the fact that an insolvent fi-
nancial company, which may have been the riskiest one, is typically
not charged at all (see, e.g., Han, Lai, and Witt (1997, pp. 1119)).
Furthermore, in current systems with ex ante contributions, premi-
ums are pooled among all participants, and, if these contributions
are not risk-adequate, some financial companies are better off than
others, or, at least, companies do not profit to the same extent from
the guaranty scheme (see, e.g., Rymaszewski et al. (2010)). The
presented capital market-based guaranty scheme does not involve
any cross-subsidization effects between clients of different financial
companies as each financial company has its own guaranty vehi-
cle. As a consequence, the clients’ incentive to close contracts with
the worst performing financial company (offering lowest premiums)
caused by current guaranty schemes, which do not involve separate
accounts for each company, ceases.

To conclude, there are some challenges regarding the implementation
of our capital market-based financial guaranty system — self-investments,
transactions costs, spread and volume, impact on market. However, we
show how these challenges can be solved and clarify key advantages of
the proposed framework compared to current deposit insurance and in-
surance guaranty schemes.

5 Conclusion

We propose a capital market-based financial guaranty system and exam-
ine whether investment actions taken by the respective financial compa-
nies might affect the effectiveness of the system. The described market-
based solution overcomes the problem of current guaranty systems that
systematic wealth transfers between clients of different financial compa-
nies take place.

In the first step of our analysis, we introduce the conceptual frame-
work of our capital market based financial guaranty scheme. We derive
closed-form solutions for the clients’ premium and the investors’ princi-
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pal under the assumption of perfect, complete, and frictionless capital
markets which provides the starting point for our following analysis. In
the second step, we analyze the impact of two different actions which
might be taken by the financial companies protected by the guaranty
vehicle: First, the financial company might purchase guaranty bonds of
its own guaranty vehicle. Second, it might purchase guaranty bonds of
another financial company whereas both companies’ assets have a cer-
tain positive correlation. We measure effects of these actions on major
stakeholders by means of various risk measures. By deriving practical
implications, we provide new insights for regulators and financial com-
panies whether a transfer of default risk to capital markets might be
feasible.

We find that investments in the own guaranty vehicle lever out the
purpose of the guaranty system and that investments in a foreign one
might lead to the same result depending on the correlation structure.
In addition, contagion effects might occur. We identify other major
challenges — transaction costs, spread and volume, and impact on the
market — and propose possible solution. Finally, we show that the capital
market-based financial guaranty systems provides various advantages: It
is highly liquid, ensures risk-adequate premiums to the guaranty scheme,
and eliminates potential cross-subsidization effects.

Although there are challenges regarding the implementation of the
presented proposition, we show how these can be solved. The analy-
sis of advantages of the proposed framework clarifies that the capital
market-based solution has some key benefits compared to current de-

posit insurance and insurance guaranty schemes.
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Summary and Outlook

In Part I, the most common participating life insurance bonus distri-
bution mechanisms, namely the ones of Bacinello (2001), Haberman et
al. (2003), Grosen and Jgrgensen (2000), Hansen and Miltersen (2002),
and Kling et al. (2007), are presented and an integrative notation is ap-
plied. We develop a parameter calibration which allows us to compare
the default put option (DPO) values across these different models. By
applying our method of comparison, regulatory authorities can compare
the model risks present in different bonus distribution models.

Our results show that the return-based bonus distribution scheme
of Bacinello (2001) (Italy) generally yields the highest DPO values if
the underlying asset volatility increases or the initial reserves decrease.
As a consequence, given that Italian insurers actually apply the bonus
distribution scheme introduced by Bacinello (2001), regulators should
reassess whether a model which is less sensitive could be implemented.
For instance, the models of Hansen and Miltersen (2002) (Denmark) and
Kling et al. (2007) (Germany) are the least sensitive to changes in the
underlying asset volatility, whereas the model of Grosen and Jgrgensen
(2000) (Denmark) is the least sensitive with respect to changes in the
initial reserves.

Our analysis in Part I clarifies that the model chosen by insurance
companies or prescribed by regulators cannot be chosen arbitrarily. We
suggest that regulatory authorities should select a bonus distribution
model whose default risk is less sensitive to model risks. Further re-
search may address participating life insurance contracts with periodic
premium payments since the form of payment will presumably have an
impact on insolvency risk. In addition, mortality and interest rate risk
could provide additional interesting insights.

In Part II, we analyze the controversial question whether partici-
pating life insurance contracts are actually beneficial for policyholders.
Even though this contract form is very common in insurance practice,
only very little research has been conducted in respect to its performance.
In a first step, a framework to estimate payoffs from participating life
insurance contracts from the point of view of policyholders is developed.
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In order to do so, we decompose a participating life insurance contract
into an investment part and a term life insurance. Hence, we are able
to analyze the benefits of the minimum interest rate guarantee in com-
bination with the profit distribution rules independent from the term
life insurance. Thereby, we model more than one single contract which
allows us to incorporate distribution effects between policyholders. In a
second step, we simulate and benchmark the complete payoff distribu-
tion on an ex ante basis. We show how the payoff distribution depends
on the level of the surplus fund at inception of the contract and analyze
the effect of management’s discretion.

We show that participating life insurance can be beneficial to poli-
cyholders depending on the initial reserve situation and preferences. A
low initial reserve situation of the insurer appears to be disadvantageous.
Individuals continuing their contract until maturity without death or sur-
render will in general profit from a better payoff distribution compared to
the mutual fund benchmark portfolio but not the ETF benchmark port-
folio. Further, investors do not know ex ante whether and when they will
die or surrender. Hence, product preferences will depend on risk aver-
sion and the rate of intertemporal substitution. Management’s discretion
changes payoff distributions but it depends on preferences whether the
changed payoff distribution is perceived to be better or worse.

To conclude, Part IT shows that policyholders have very little chance
to predetermine the cash flow distribution as long as the future behavior
of management and the current level of the surplus fund are unknown or
realistic assumption cannot be derived in this respect. Also, our prefer-
ence dependent performance analysis shows that in most cases an ETF
portfolio will assumedly perform better than each possible participating
life insurance contract. In order to get a better understanding of how the
underlying capital market parameters influence the performance, future
research could analyze a more detailed asset model (i.e., an interest rate
model for the bond fraction of the asset portfolio) or derive sensitivi-
ties with regard to drift and volatility of stocks and bonds. In addition,
longer contract periods may be analyzed.

Part III addresses key regulatory and reporting reforms in the Eu-
ropean insurance industry, namely the solvency framework Solvency II,
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insurance guaranty systems, the proposed IFRS 4 Phase II international
accounting standards, and Market Consistent Embedded Value report-
ing. In a first step, we present these four frameworks. A brief overview
of their current state of progress and their implementation plan is pro-
vided. Furthermore, we illustrate key elements of these four different
frameworks and explain the different underlying valuation models with
an integrative illustration. In a second step, we analyze the four frame-
works from different stakeholder perspectives and compare and contrast
them. First, we provide a comparative overview of the four concepts.
Second, we proceed from stakeholder to stakeholder and analyze key
characteristics and interactions separately. In a third step, we bring the
different perspectives together.

Regarding the position of an insurance company’s management, we
show that — despite various benefits — management faces a high regula-
tory burden. Hence, the benefits of the different regulatory frameworks
need to justify the corresponding costs. Otherwise, European insurers
will be at a competitive disadvantage compared to less regulated mar-
kets. Policyholders, on the other hand, will be well-protected from an
insurance company’s financial distress due to the regulatory reforms.
However, additional reforms may be necessary in order enable policy-
holders to make rational choices between different insurance products.
For investors, the market-based perspective adopted in the new frame-
works causes high degrees of complexity. In order to qualify investors
to interpret the reported information, large communication efforts and
spendings will be required.

To summarize, Part III shows that the four regulatory frameworks
need to be considered jointly rather than separately, due to various in-
terrelations and interactions. A coordinate introduction will be essential
so that the regulatory burden is reduced and synergies can be utilized.
Furthermore, to overcome difficulties with the planned frameworks, we
propose a more holistic, comprehensive approach to insurance reporting
and regulation. However, further analysis will be necessary in order to
estimate economic costs and benefits of all planned frameworks and for
all kinds of stakeholders. Besides, there may be local regulatory and
reporting concepts which require further analysis, e.g., current reforms
in contractual law.
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Part IV proposes a capital market-based financial guaranty system as
an alternative to current insurance guaranty funds and deposit insurance
systems. The described market-based solution overcomes the problem
of current guaranty systems that systematic wealth transfers between
clients of different financial companies take place.

In the first step of our analysis, the conceptual framework of our cap-
ital market based financial guaranty scheme is introduced. We derive
closed-form solutions for the clients’ premium and the investors’ princi-
pal under the assumption of perfect, complete, and frictionless capital
markets which provides the starting point for our following analysis. Sec-
ond, we analyze the impact of two different investment actions which may
be taken by the financial companies protected by the guaranty vehicle:
First, the financial company may purchase guaranty bonds of its own
guaranty vehicle. Second, it may purchase guaranty bonds of another fi-
nancial company whereas both companies’ assets have a certain positive
correlation. We measure effects of these actions on major stakeholders
by means of various risk measures. By deriving practical implications
out of the numerical analysis, we provide new insights for regulators and
financial companies whether a transfer of default risk to capital markets
may be feasible.

Our results in Part IV show that financial companies may lever out
the system by investments in the own guaranty vehicle or in a foreign one.
In addition, contagion effects may occur. However, we find that if the
scope of investors can be restricted, the capital market-based financial
guaranty systems provides various advantages: It is highly liquid, ensures
risk-adequate premiums to the guaranty scheme, and eliminates poten-
tial cross-subsidization effects. As a result, if a regulatory or legislative
authority is able to restrict investments of financial companies regarding
their guaranty vehicles, the capital market-based solution appears to be
very beneficial. Future research should estimate the dunderlying param-
eters (e.g., volume and premiums) with empirical data. In addition, the
question of pro-cyclicality of the system needs further discussion. An al-
ternative proposal could address only those financial institutions which

are system-relevant and, hence, may need more attention.
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