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ABSTRACT

Even though insurers predominantly invest in bormlsdit risk associated with

government and corporate bonds has long not bdeous in their risk manage-

ment. After the crisis of several European coustrlmwever, credit risk has re-
cently been paid greater attention. Nevertheléss|atest version of the Solvency
Il standard model (QIS 5), provided by regulatansderiving solvency capital re-

guirements, still does not require capital for dredk inherent in, e.g., EEA issued
government bonds from Greece or Spain. This pape @ provide an alternative
approach and compares the standard model withtialpaternal risk model using

a rating-based credit risk model that accountscfedit, equity, and interest rate
risk inherent in a portfolio of stocks and bondkeTindings demonstrate that sol-
vency capital requirements strongly depend on tneity and composition of an

insurer’s asset portfolio and that model risk igan@ to model choice and calibra-
tion plays an important role in the quantification.
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1. INTRODUCTION

Credit risk has long not been in the focus of mausyrance companies, even though a major
part of their capital investments are held in goweent and corporate bonds generally ex-
posed to credit risk. However, the recent crise&iaece, Ireland, Spain or Portugal have
demonstrated the strong need for adequate crellitmodels for insurers, since it cannot gen-
erally be taken for granted that highly indebtedrdaes obtain the needed financial support.
For this reason, credit risk modeling has receiveteased attention in insurers’ risk man-
agement. In this paper, we compare the latest gegpgtandard model of 2010/2011 to be
used in the European supervisory system Solven@ldhned to be in force from 2013 on) to
quantify market and credit risk for a non-life in@nce company with a partial internal model
that assesses the market risk situation of anens8pecial focus is paid to the effect of credit
risk while further examining the impact of depenclea between the relevant processes with
respect to diversification benefits. Furthermore, analyze model risk for the internal ap-
proach regarding the model choice as well as theéetnzalibration.

Since the Basel Il reform of European banking suipem in 2006, insurance supervision has
also fundamentally been reformed. In particulag, Buropean Union (EU) Solvency Il regu-
lation will impose risk-based capital requiremefaisinsurance companies and is planned to
be implemented after 2013, thereby explicitly actowg for market and credit risks. To cal-
culate the solvency capital requirements (SCRyrers have the option to choose between
five different methods. Besides the standard foanubvided by the regulator, the SCR can
be calculated by using the standard model with rigbanternal model, with undertaking-
specific parameters, with simplifications, or byaebng the insurers’ risks with a full inter-
nal model approved by the supervisors (see Europaalmment and of the Council, 2009,
Article 112, No. 1 to 7§.However, the latest proposed standard model 08/201.1 does not
require capital concerning credit spread risk forestments in government bonds issued by
countries of the European Economic Area (EEA) ardwings guaranteed by one of these
states, including, e.g., Greece or Ireland.

While credit risk has been extensively researchatie context of the valuation of defaultable
bond$, applications to insurance companies have harelntaddressed so far. With respect

! See Gatzert and Wesker (2012) for a detailed émeref the different methods to derive the SCR aditmy

to Solvency Il along with a comparison to Basdlllland Eling, Schmeiser, and Schmit (2007) foromer-
view of the Solvency Il framework in general.

2 See Black and Scholes, 1973, Merton, 1973, 19TakkBand Cox, 1976, Leland 1994, and Longstaff and
Schwarz, 1995, for structural models, and JarrosvEurnbull, 1995, Das and Tufano, 1996, Jarrow,daan



to Solvency I, a study by Fitch Ratings (Piozotlkt 2011) discusses the implications of the
new regulatory regime in regard to the insurerseagllocation and the attractiveness of dif-
ferent asset classes. One main finding is thatrenswvill likely have to increase their invest-
ments in higher-rated corporate and government ofidthe same time, Solvency Il implies
investments in shorter-term bonds instead of l@mgitdebt due toeteris paribushigher cap-
ital requirements for long durations (while theeddgbility mismatch is simultaneously re-
duced) as well as a low level of equity holdings.

In addition, as a consequence of the special tegatin terms of the capital requirements for
government bonds from members of the EEA underedaly Il, the authors also assume that
these bond exposures will gain more importancefferinsurers’ asset allocation. However,
in this context, it should also be taken into actahat even if the standard model is used
instead of an internal model, according to SolveltsyPillar 2, the insurer’s own risk and
solvency assessment (ORSA) requires an adequassasant of the company’s risk situa-
tion, which also includes the consideration of dredk. Thus, even if the standard model
currently does not require adequate capital faditresk of EEA states, this risk will certainly
have to be taken into account within the ORSA pssce

A different aspect is analyzed in a study by MKkt(2011), which focuses on the applied cali-
bration procedure for the standard model and pdatily points out flaws regarding the use of
the rolling-window annualization procedure. Fortamce, wrongly implied correlations be-
tween asset classes, even if returns are indepgrdtenot adequately reflect diversification
benefits. Christiansen, Denuit, and Lazar (2012n@re the calibration of the aggregation
formula (“square-root formula”) used to derive fife underwriting risk in the Solvency Il
standard model. Applying a stochastic model fomagrnal approach, they identify the corre-
lation matrix in the life module of the Solvencystiandard model as not appropriate, leading
to an overestimation for the underlying German dataFurther critical discussions about the
aggregation formula in the Solvency Il standard et@@n be found in Sandstrom (2007) and
Pfeifer and Strassburger (2008). Sandstrém (2003Ws how the standard formula needs to
be recalibrated if the probability distributions tbie underlying risk factors are skewed (in-
stead of being symmetric and normally distributeen if risks are independent) in order to
ensure consistency. Pfeifer and Strassburger (2068) out how the overall SCR is misspe-
cified even if the aggregate probability distrilautiof the risks is symmetric and if the under-
lying risks are uncorrelated but dependent.

and Turnbull, 1997, Duffie and Singleton, 1997, 4an1998, and Duffie and Singleton, 1999, regardeig
duced-form models.



Thus, the question arises to what extent an intenoalel leads to different capital require-
ments as compared to the Solvency Il standard modeé current calibration if market risks
including equity, interest rate and credit spraall are adequately quantified. Therefore, the
aim of this paper is to compare an alternativerii@kapproach with the standard model in the
case of a non-life insurance company, thereby fagusn the asset side and the induced mar-
ket risk. We specifically investigate the importanaf an adequate quantification of credit
spread risk with regard to the capital investmdnnsurers, and thus focus on the insurer’'s
asset side, looking at stocks and bonds as theargl@sset classes. In a first step, it is demon-
strated how the solvency capital has to be detexdnfar a given portfolio of stocks, govern-
ment bonds, and corporate bonds by using the latepbsed Solvency Il standard approach
as laid out in the QIS 5 quantitative impact stuBgcond, the market and credit risk for
stocks and bonds is modeled based on an interpebagh. Based upon these results, we ana-
lyze the SCR of the two approaches to compare #ifgctiveness in identifying major mar-
ket risk sources. In addition, model risk assodatgéth the two approaches that may arise
from a misestimation of input parameters in thécation process is studied.

In the internal market and credit risk model, Mo@&rlo simulation is used to derive the ne-
cessary solvency capital based on the Value at &isk99.5% confidence level as required
under Solvency Il. To quantify the market risk tdcks, the development of equity prices is
described by a geometric Brownian motion. Conceyrilre market and credit risk of fixed
income government and corporate bonds, two maiestyb risks are taken into account. In-
terest rate risk is quantified based on the mogeCbx, Ingersoll, and Ross (1985) (CIR) to
derive the risk-free term structure of interesesatCredit risk is integrated to calculate the
market value of a bond portfolio at the end of\gegiperiod using the rating-based credit risk
model of JarrowLando, and Turnbull (1997) (JLT), which includeskrfactors with respect
to credit default and credit spread. The ratingidit@on process is determined by a time-
homogenous Markov chain based on empirical tramsttates published by rating agencies.
The partial internal model for the market and dredk also enables examination of the im-
pact of different dependencies between stock @mckinterest rate. To account for model risk
regarding the choice of the underlying procesdes,Heston (1993) model is integrated for
stocks, the CIR model is replaced by the Vasicek7T) approach and the reduced-form
model by Duffie and Singleton (1999) is implemengésdan alternative for credit risk model-
ing.3

® Regarding credit risk modeling, we focus on redufoem credit risk models since the lack of firmesjfic

data limits the application of structural modetsparticular for portfolios with a large numberarédit risk
sensitive assets.



Our results show the considerable discrepancy legtwiee SCR for market risk calculated by
the Solvency Il standard formula and the internmdraach. In particular, depending on the
portfolio composition, capital requirements carré@uced through an internal approach using
more distinguished assumptions and fully accournfiangliversification benefits. Conversely,
they can also be increased, which is especiallcéise for, e.g., low-rated bonds that appear
to be underestimated in the standard model. Moredive findings emphasize the importance
of considering the credit risk of government borsdsied by members of the EEA and AAA-
or AA-rated non-EEA government bonds. Furthermanedel risk regarding processes and
calibration plays an important role and should ddeeh into account when quantifying credit
and market risk.

The remainder of this paper is structured as fdaloBection 2 provides a general overview
and introduction to Solvency Il and the standardiehevith focus on the market risk module.
Section 3 presents the gquantitative framework ef3blvency Il standard model and the al-
ternative internal model approach. The resultdhefriumerical analysis are discussed in Sec-
tion 4, and Section 5 concludes.

2. OVERVIEW: MARKET AND CREDIT RISK UNDER SOLVENCY ||

According to the Directive 2009/138/EC (Solvency Article 101, the insurance company is
treated as a going concern for a period of twehomtims. Hence in quantifying its SCR, the
insurance company has to take the existing busiesegell as the new business in this time
period into consideration based on expected vé&lW&ih the objective to cover unexpected
losses, the Value at Risk is chosen as the relaidnmeasure by the EU. Thus, the SCR is
defined as “the Value-at-Risk of the basic own furfd.) subject to a confidence level of
99.5% over a one-year period” (see European Pahamand of the Council, 2009, Article
101, No. 3).

QIS 5 is said to constitute the final official tdmtfore implementing Solvency Il after 2013.
The standard model is designed as a bottom-up agipraivided into six different risk mod-
ules for determining the basic SCR (BSCR) as etddbin Figure 1, including life, non-life,
health, market, and default risk as well as inthlegi. Additionally, operational risk and ad-
justments for loss absorbency of technical prowvisiand for loss absorbency of deferred tax-
es have to be taken into account to obtain thé SE&R.

4 With respect to new business, the expected losgchae taken into consideration in addition to tinex-

pected loss.



The latest report on the Solvency Il standard aggrp published by the Federal Financial
Supervisory Authority in Germany (BaFin), identdienarket risk as the largest risk driver for

life and health insurers and the second large#itenproperty-casualty sector of the German
insurance industry (see BaFin, 2011, pp. 16, 18> 2k shown in Figure 1, the market risk

module of the Solvency Il framework is divided irgeven sub-modules. With respect to cre-
dit risk, three modules are of relevance, includpgead risk and market risk concentrations,
as a part of the market risk module as well as ®yparty default risk. The latter default risk

module is an extension of the spread risk sub-ngdidntaining counterparty default risks

that are not defined as market risk. This inclufl@sexample, other risk mitigating contracts,

cash at banks or receivables from intermediariee RHOPA, 2010a, pp. 134-135). Concen-
tration default risk “(...) is restricted to the riségarding the accumulation of exposures with
the same counterparty” (see EIOPA, 2010a, p. 1@dsidered in the equity risk, property

risk and spread risk sub-module. Excluded are auraton risks to geographical areas or
industry sectors, governments issued by membeiseedEEA or OECD and assets covered by
the counterparty default risk module (see EIOPA,®Q) pp. 127, 131).

Figure 1. Structure of the Solvency Il SCR calculation (E¢®PA, 2010a, p. 90)
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According to the QIS 5 report from the BaFin foe tBerman insurance industry, it is particu-
larly spread risk that requires the second largestency capital in the market risk sub-
module after interest rate risk in the case ofdifiel health insurers (see BaFin, 2011, pp. 16,

® Excluding diversification effects.



18). For German property-casualty insurers, onlyitgqisk requires more capital in the mar-
ket risk module (see BaFin, 2011, p. 2The spread risk module thereby contains all risks
that result from changes in the credit spread (therrisk-free interest rate term structure).
Hence, it combines default risk, rating transitiek, and all other risks responsible for varia-
tions in the market value for all assets and liab# sensitive to changes in the credit spread
in one sub-module. For the selected asset portidlgiocks and bonds in the following anal-
ysis, we consider the market risk sub-modules gqisk, interest rate risk and spread risk,
which represent the main important risk drivers aralhighlighted in Figure 1.

Based on predefined scenarios, the capital reqemésfor the market risk module cover the
variation of the market value of financial instrumefor a time horizon of one year through a
mark to market approach (see EIOPA, 2010a, pE8Bypean Parliament and of the Council,
2009, Article 101, No. 3). The calculation is basedbasic own funds, which are defined as
the difference between the market value of assetdlee best estimates of the liabilities. The
Solvency Il bottom-up approach also takes divaraifon effects into account through corre-
lations in the aggregation process of risk moduleshe standard model, the aggregated sol-
vency capital requirementSCRg) for the BSCR and each risk module market, lifealth
and non-life SCR, are defined through the so-called “square-roohtda” given by

SCR, = \/Z CorrSCR.0 SGRI SCF (1)

whereCorrSCR. denotes the pairwise correlation coefficients ofdoder andc, given by a
predefined correlation matrix (see EIOPA, 2010a, @96, 107-108, 148-149, 166, 196-
197)/

® Excluding diversification effects.

The square-root formula in Equation (1) produaceexact result for the Value at Risk only for jdynhor-
mally distributed risks, since it only results ircaherent risk measure. Artzner et al. (1999) stwat the
Value at Risk satisfies the characteristic of sudlitadty (and therefore is a coherent risk meastiog)nor-
mally distributed risks for a significance leveltwvia <0.5. More generally, Embrechts, McNeil, and
Straumann (2002) expand the Value at Risk as arenhask measure for elliptically contoured distriions
with a<0.5.

7



3. MODEL FRAMEWORK
3.1 Standard approach under Solvency ||

The basis for the calculation of the SCR underSbkency Il standard model for market risk
is the net asset valuBlAV). In line with the definition of basic own fundbe NAV is defined

as the difference between assitand liabilitiesL, excluding subordinated liabilities, which
are sensitive to the considered risk of the pddicsub-module (see EIOPA, 2010a, pp. 91-
92). Changes in thdAV as a result of a shock scenario are denotedNAV for a considered
(sub-) module. Hence, a positix®& AV implies a loss as a consequence of a given scemari
the case of a negativeNAV, it is set to zero (see EIOPA, 2010a, p. 92).ha following
analysis, we focus on the asset side and thus asthanthe liabilities of the non-life insurer
are not affected by changes in credit and markét fie. L = L\Shock Hence ANAV is de-
fined as

ANAV =max(NAV -( NAV| shock,§ = mak( A )=((A-L) hocK P

2)
=max( A-(A|shoc ,Q .

Based on this definition, th&NAV for the equity, interest rate and spread risk {soimdule

represents the basis for the SCR calculations, vikiceferred to addkt,,, Mkt and Mkt

SCR in the equity risk sub-module

The SCR for market risk resulting from fluctuatiansequity prices of all equity price sensi-
tive assets is calculated based upon the markee\MV,,;(0) for the investment exposuie
in the equity risk sub-module. The shock scenaifter@ntiates between two investment
classes to determine the SCR in this sub-modutst, Rhe risk class “Global” includes all
exposures transacted in countries that are menabeh® EEA or the Organisation for Eco-
nomic Co-operation and Development (OECD) (see BI(I®10a, p. 113). In this case, the
scenario approach assumes a decrease in equiigbyBased on the market vallbé\/eqi(O)

at timet = 0, the SCR for the risk class “GlobaNkt,, 5., results from



MK, oo = MaX{ 0.3MV,, gi0af0) . 0) = maJE 08y M\/eq,i(O),Oj 3

i0Global

Second, “Other” is defined as the class of higlksr which contains all other equity price
sensitive assets such as hedge funds, alternawestments, non-listed equities as well as
exposures in emerging markets. Here, the shoclkagoeis given by a drop of 40%, implying

MK, oer = MaX( 0.4 MV 0,,(0) ,0) = ma{ 0.4>" M\V,;(0) ,oj.

iCOther

In the case of strategic participations, a strastof of 22% is assumed for both risk catego-
ries in the equity risk sub-module. Participatitimst are not strategically oriented are stressed
with the general factors of 30% and 40%. An exceyati position is given to participations
that are excluded from the scope of group supemvisaccording to the Directive
2009/138/EC, Article 214, with a stress of 100%e(8OPA, 2010a, p. 282). Furthermore,
participations in financial or credit institutiom® not have to be stressed, but are excluded
from own funds, which implicitly produces a stre$<.00%.

The standard capital stres8dS in the equity risk sub-module is set to 39% (“Gdt) and
49% (“Other”). To mitigate potential pro-cyclicaffects of adverse capital market develop-
ments, a symmetric adjustment of -9 percentagetpomapplied in QIS 5 for both risk
classes (see EIOPA, 2010a, p. 114; European Paniaend of the Council, 2009, Article
106). Thus, the following analysis generally us@%3and 40%, respectively, until stated oth-
erwise. In general, the symmetric adjustment mdshans calibrated based on the MSCI
World Developed price indeit) at timet by an adjustment teriadj(t) and a beta factgi(t),
limited by an upper and lower bound of +/-10%:

1 t=780

-0.1 , if adj(t)CB(t) <-0.1 ()= 1(s)
adi() B(t) =1 adi() () if adi(§EB()D[-0.L,0.4 , withadi(§ = — =
0.1 , if adj(t)CB(t) > 0.1 7780Dszt-1| (s)

The adjustment at timigls thus defined as a function of the MSCI indeg arweighted aver-
age of the MSCI index to a period of three yeaB9(ffading days}.Furthermore, through a

8  Following theANAV approach in Equation (2), the SCR for the rislssl4Global” in the equity price sub-

module is given byANAV = MV, g0 (0) = (1= 0.3 OMV, gopa( O = 0.3IMV,, g0no 9, thus assuming a de-
crease in equity prices by 30% (to 70%).



regression of the MSCI index on its weighted aver@zased on 780 trading days), the beta
function A(t) is determined, such that the adjusted capitakstACS at timet is given by
ACS( I) = SCS a@j)ﬂ?( )'.10 The shock parameters for the Solvency Il standaptoach
are summarized in Table 1.

Table 1. Equity shock scenarios in the Solvency Il staddarodel given the adjustment
against pro-cyclical effec&CSaccording to QIS 5 (EIOPA, 2010a, p. 114)

Strategic  Non-Strategic  Financial Excluded

Equity Participation Participation Participation* Participation
Global 0.30 0.22 0.30 0.00 1.00
Other 0.40 0.22 0.40 0.00 1.00

* Participations in financial or credit institutiomare directly excluded from own funds.

Table 2: Correlations in the equity risk sub-module of ®alvency Il standard model (see
EIOPA, 2010a, p. 115)

Global Other
Global 1.00 0.75
Other 0.75 1.00

Correlations between the two risk classes are takeraccount in a last step through a prede-
fined correlations matrix presented in Tabl& The correlation parameters induce diversifi-

cation effects between the risk classes by calagldhe SCR for the equity risk sub-module

MKkt,, according to the square-root formula (see alsaEopui (1)) given by

Mkt = max[ Y. Corrindex . MK, OMKE, . 0| , £, .G Global Othgr (3)

req € eq

Concerning the SCR calculation in the equity risk-snodule, the market vaIdh‘lVeqi(O) of
stock exposureis determined by the invested capial(0) at the starting time= 0 with

MV,;(0) = A (0).

° In QIS5, the symmetric adjustmeai(t) is calculated based on an weighted average eéthears. Howev-
er, CEIOPS suggests a time period of one yearEK@EA, 2011, pp. 15-16).

19 sSee EIOPA, 2010c, pp. 41-50. For simplificatifft) can be set to one (see EIOPA, 2010c, p. 45).

1A critical analysis of the derivation of the cdation structure of assets within the class “OtHggt to 1) is
presented in Mittnik (2011), where flaws regardthg annualization procedure of asset returns airggub
out that induce a misleading assessment of coeaand thus neglect diversification benefits.
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SCR in the interest rate risk sub-module

The influence of a change in the term structurthefinterest rate is determined by the interest
rate risk sub-module. The present value of allrégerate sensitive exposuré®/, is given

by discounting the respective cash flows usingisiefree interest ratg(t) at timet and giv-

en by the European Commission, such that

T, CF(t)

PV, = - T=max(t|CH(§# g, CH )= CF(}, (4)

int - (1+ r (t))

whereCF(t) is the single cash flow of exposyrat timet. The interest rate risk sub-module
distinguishes between two stress scenarios, naameigcrease and a decrease of the interest
term structure. Thus, the stressed present valealésilated twice, adding an upwasti(t)

and a downward movemestt) to the risk-free interest term structure thatetefs on
timet. These two stressed present values are denot@/Hy and PV,%*"" with

int

L CF(t
S

= (1+rf (t)ffa+s* (t)))

-, T=max( t|CF()# 0 , KJ{ up, dowr

Table 3 exhibits the predefined stress parametethd Solvency Il standard model for se-
lected point of times. Maturities less than oneryedl be stressed with the one-year stress
parameters. For durations larger than 25 yearsshibek is determined by the relative change
of 0.25 for the upward and -0.30 for the downwarensrio.

Table 3: Interest rate shock in the Solvency Il standaadleh (see EIOPA, 2010a, p. 111)
Maturityt Relative change Relative change

(years) s7(1) oY)
1 0.70 -0.75

2 0.70 -0.65

3 0.64 -0.56
25 0.26 -0.30
>25 0.25 -0.30

Finally, to obtain the SCR for the interest ratek rsub-module with the standard approach
Mkt , the differences of present value without stress the present values under stress
Mkte» and Mkt®" have to be calculated, i.e.

int
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Mkt,,, = max( MKt Mkis™") , whereMkik = PY, - Py, KI{ up, down

The cash flow<CF(t) of a bond exposurewith maturity T, = max{t ICF, (1) # (} are deter-
mined by the annual coupon payme@is), the face valu€&V,, and the number of bonds

P m T

ch )_{(1+cj ())Fv L t=T. ®)

The face value is set to one for the different sof¥; = 1. Thus, the number of bonds in
Equation (5) is determined by

0
B

whereAg;(0) denotes the invested capital in bond expopured B™™(0) the price of the
bond withFV; = 1 at timet = 0.

SCR in the spread risk sub-module

The impact of changes of the credit spread (overigk-free interest rate term structure) on

exposures is considered in the rating-based spislacdub-module of the Solvency Il stan-

dard approach. The SCR for spread rigkt, is calculated based on three uncorrelated
b;’”ds, the SCR for structured credit

, and the credit derivatives Sdmkrgs yielding

groups of exposures, including the SCR for bohdl

struct

productsMktg;

Mkt,, = MKE® + MKES™ + MKt

In the following, we only focus on the SCR of boexpbosures. Analogously to the equity
sub-module, the SCR calculation for the spread ofskonds is based on the market value
Mng J.(O) of assef. The extent of the asset-individual stress in thithg-based approach
depends on the modified duration and a rating-§fipestress parameter. The modified dura-
tion of exposurg, denoted byluration, is the weighted average time to maturity dividbgd
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the yield to maturity. As the technical specificat of QIS 5 do not specify this point, we use
the Macaulay (1938) duration modified with the dissted yield to maturityya, > given by

Tmax

2 tCF (1) [qlJ“ I (t))_t 1

duration, = E v Tona = max(t ICF(t)# q

Tmax —_
SR (e, (1) H e
t=1

with the risk-free interest term structukeprovided by the European Commission. The dura-
tion is limited by a lower limit (floor) and an ueplimit (cap). The shock parameter in regard
to the credit qualityf-"P(rating;), depends on the current credit rating and the tfibond and

is exhibited in Table 4 for corporates and non-Efp&ernments.

Table 4: Spread shock for corporates and non-EEA govertsriarthe Solvency Il standard
model (see EIOPA, 2010a, pp. 122-123)

Spread shock corporates Spread shock non-EEA goesits
Raing | Fv Opfoton DYaton] o Oppaton Dygtor

AAA  10.9% 1 36 - - -
AA 1.1% 1 29 - - -

A 1.4% 1 23 1.1% 1 29

BBB |2.5% 1 13 1.4% 1 23

BB 4.5% 1 10 2.5% 1 13

B or lower| 7.5% 1 8 4.5% 1 10

Unrated | 3.0% 1 12 3.0% 1 12

If several different ratings exist for one exposuihe second best rating has to be applied (see
EIOPA, 2010a, p. 121). A special treatment in thib-module is dedicated to (mortgage and
public sector) covered bonds with an AAA crediinmgt If a bond meets the requirements of
“undertakings for collective investment in transigle securities” from the European Parlia-
ment and of the Council (see European Parliamettothe Council, 2005, Article 22, No.
4), the stress parameter of this best quality bemset to 0.6% instead of 0.9% with a duration
upper limit of 53 years. Furthermore, an exceptigusition is given to exposures of gov-
ernment bonds of EEA states issued in their domestirency or a currency of an EEA coun-
try (see CEIOPS, 2010). According to the Solvenatdndard approach, no solvency capital
has to be allocated for such investments. Besidgsrgment bonds, this treatment also in-

2 The yieldT to maturity ryyyw of bond exposurej is given by solving the equation
PVl = lileFj (t) E@l+ {;[M) ' where PV . denotes the present value using the risk-freedsterate

int, j

r«(t) at timet, given by the European Commission as exhibiteiguation (4).
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cludes borrowings issued by multilateral developir#anks, international organizations or
the European Central Bank, irrespective of thetassarrency. The asset class of “non-EEA
governments” includes all in the domestic curredeyominated and funded government
bonds from non-EEA states or central banks.

In contrast to the equity risk sub-module, no datren effects between the assets are as-
sumed at this point. Hence, the SCR for the sprisidor bondg is given by

Vs maX[Z MV, ;( 0) Ctluration, OF” ( rating) Oj
J

The market valudVlV,, (0) of bond exposurgat timet = 0 for the spread risk sub-module

sp,
in Solvency Il is, analogously to the equity riskbsmodule, given by the invested capital

Ag,(0) with
MV, (0) = A, (0).

Aggregation to the market risk module

The SCR of the market risk modu&CR,. is calculated by aggregating the SCRs of the iso-

lated sub-modules using the square-root formulatakihg into account dependencies be-
tween the single risk categories,

SCQL‘t:\/Z CorrMkf . OMktOMkt, where,r @ eq int pf (6)

The correlation paramete@orrMkt, . for the sub-modules are given in Table 5, whertbigy
correlation paramete® for the interest rate risk varies in the standaatlel depending on the
adopted stress scenario in the interest rate uiskrsodule:

0 ,if Mkt = Mkt®

C =CorrMkt_. = CorrMkt_ . =
o g”‘{a5,nmmmzmmwm

In the case where market risk is only relevantfierasset siddylkt,, = MKt .
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Table 5: Correlations in the market risk module in thev@aky Il standard model (see
EIOPA, 2010a, pp. 108-109)

Interest Equity Spread
Interest 1.00 C C
Equity C 1.00 0.75
Spread C 0.75 1.00

3.2 Partial internal model
Modeling stocks

In the partial internal model, we assume that sfdokow a geometric Brownian motion,

dS(§=p 0] } dtro O )t A )t (7)

with constant drifius and volatility gs, andW, being a standar@®-Brownian motion on the
probability space(Qs,}—s,]P’) with filtration g and real world probability measuf® For an
initial value §0), the solution of the stochastic differentialation in (7) is given by

Lﬂs —%]D}as S
S(t)=q0)O :

whereZ4t) denotes independent standard normally distribva@dom variables (see Bjork,
2009). Hence, the market value of a portfolidNgistocks at timé = 1, MV(1), is given by

W)= 5(0),

whereS(1) is the market value of stoclat time 1.
Modeling and valuation of bonds

To determine the risks arising from the stochastiof the interest term structure, we first
study the market value of a non-defaultable zexpoa bondp(t,h) at timet that pays out
one monetary unit at timke t < h and p(h, h) =1. The zero bond price is defined through the
short rater(t) on the probability spac@Zr ,]{,Q) , where 7, is the filtration generated by the
Brownian motion under the risk-neutral probabilbeasureQQ and is given by (see Bjork,
2009)
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p(t,h) = E° [ e_.[thr(s)dsJ’

wherer (t) is given by the Cox, Ingersoll, and Ross (1986¥et,

dr(t) =, g —r(t))dt+o, Qr (t)dw® (1) (8)

Here, x; controls the speed of the mean reversion to thg-term mear@, ¢; is the volatility,
and W,° is a standard) -Brownian motion on the probability spaéé)r,]{,(@). The CIR
process is characterized through a mean revertifig for which the condition2[& (8> o7
provides a strictly positive short rate for falln this setting, the zero bond price can be speci
fied in a closed affine form, given by

p(t, h) = AN ywhere

(k+a) 2[@ ey _ )
At h)=2%X% g, 2late B(t,h) = ,
ot (k+a)({e™ -1)+ 20a | K+a[@a‘[@ht )+2[a

a=.Kk*+207.

Under the real world probability measuPe Equation (8) changes to

dr():(KW—(K ~ ¥ ;)0 (t))dt+ El/mdvvp(t)
=K [@0 -r( )dt+a El/_dW

where the market price of risk(t,r (t)) is derived fromy(t,r (t)) =y, QJr (t) (see Brigo
and Mercurio, 2007). Furthermore, we assume thatkstand mterest rates are correlated

with dW dW =p, s d

With respect to credit risk, we use the reducedifonodel by Jarrow, Lando, and Turnbull
(JLT) (1997) in order to harmonize the proceduréhef SCR calculation with the Solvency I
standard model that is also based on credit tiansitn the work of Jarrow and Turnbull
(1995), the state of a defaultable bond is onlycdiesd by the default or non-default state.
The framework of Jarrow, Lando, and Turnbull (198X)ends this model by quantifying the
credit risk through credit ratings and the proligbdf a change in the credit rating. Transition
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rates for credit ratings allow taking the conseaesrof up- and downgrading the credit quali-
ty into account. Furthermore, independence betvigenest rate and the default process and
deterministic credit spreads are assumed. The dpaa equal for a given rating and vary by
migration. In particular, the credit spreads thié¢c the bond value are taken into account,
but are treated as deterministic variables. DasTaridno (1996) extend the work of Jarrow,

Lando, and Turnbull (1997) by incorporating stoditagcovery rates that are correlated with

the interest rate process. A framework that furtiag&es into consideration correlations be-
tween the interest rate process and the defaehsity (credit spread) is introduced by Lando
(1998) and Duffie and Singleton (1999)Following the JLT model, the credit transition is

assumed to follow a Markov process

X =(x(t),tON,) 9)
on the probability spac@x,}"x,@) and distribution(/\X))GE, which is given by
_/11,1(t1h) .)|1k (t, h)
A(th)= :/h_l,l(t,h) :/ik_l,k(t, h) (10)
0 0o - 1

with transition probabilitieg A, (t, h))i,jDE for a state spacg = {1,...K. The transition dis-
tribution represents the probabilities of attainstgtej at timeh when starting at stateat
timet, satisfying the conditiong; (t,h) =0, i # j, and 4, (t,h) :1—2%1/] ; (t,h). By set-
ting a discrete state spa€evith dimensiork, the stochastic transition process in Equation (9)
corresponds to a Markov chain in discrete tihleli,). The Markov chain is adapted to the
filtration 7, = (7, )mo with the stopping time described by

r:inf{tDN:x(t):k},

3 In addition, Jarrow and Turnbull (2000) discuss fitoblem of quantifying credit risk in terms oétmter-
section of market and credit risk. While econonfiedry and empirical evidence confirm the intringta-
tion between market and credit risk, regulatora/el as practitioners generally calculate bothsiskparate-
ly due to the complex determination of the corietatbetween market risk and credit risk. Reducedaifo
credit risk models as from, e.g., Jarrow and Tulinti995) and Jarrow, Lando, and Turnbull (1997)sid-
er market and credit risk jointly with the assuroptof independency. However, the reduced-form aggro
es published by, e.g., Lando (1998) and Duffie &irdjleton (1999) allow for implicit correlationstieen
risk factors, which, however, are very difficult¢alibrate (see Jarrow and Turnbull, 2000), whitkurn in-
creases the risk of misestimation.



17

where the statk is absorbent, also shown in the last row of thé&ismnan Equation (10). The
transition matrix in Equation (10) assumes a cotepind arbitrage-free market. Further-
more, apart from non-defaultable bonds, the JLT ehadsumes the existence of defaultable
zero coupon bonds for all maturities. In the casdefault, only a deterministic and exogen-
ously given fraction of a non-defaultable zero amujpond, the recovery rate (of treasudy)
will be paid out at maturitir.* According to the transition process in Equatio)) (8e prob-
ability of default depends on stat@) at timet. Assuming independence between the interest
rate and the transition process, the price of audtsble zero coupon bonfl, _(th) with
ratingx(t) =i is given by

. - “r(s) (3 -["(9as
p(t'h)xu):i:EQ[H{»h} el @Dej j @[ é T+ T @)j

p(t,h) {5+ (1-0) [@1— (t.H)),

where ]I{,S@ represents the indicator function, which is egoabne if a default occurs until
time h and zero otherwise, arid-4, (t,h) denotes the probability of non-default from titne
to h. The risk-neutral transition probabilitie(szliyj (t))i,jDE can be interpreted as risk-adjusted
transitions and are received by an adjustment @fr¢al world distributior(i\x)me. In par-
ticular, to obtain risk-neutral transition probdiels that ensure an arbitrage-free market, the
real world transition probabilities have to be atpa in the JLT model by a risk premium
T (t) that depends on tinteand ratingk(t) =i, setting

(11)

where the second constraimt=(j) in Equation (11) ensures a row sum of one inrible-
neutral distribution in Equation (163.In matrix form, Equation (11) can be written as

A(th) =M (1) fA(t h) 1) +1

with a kxk matrix M (t) = diag(rrx(t):l (t),...,nx(t):k_l(t),l) and akxk identity matrix I. Fur-
thermore, the Markov chain of the real world dmition is assumed to be a time-

4 The JLT model offers a recovery rai¢hat is paid out at maturity (recovery of treasuayue assumption)
and depends on the issuers’ seniority. In contmastassume a constant recovery rdter all considered
bond exposures.

> The risk premiumrrx(t):i (t) is assumed to be a non-stochastic function indigo@rof migration state
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homogenous process (see McNeil, Frey, and Embre2d@®), achieved through the assump-
tion of constant distributions ¢fA, ) _, exhibited by

At =(4, (tt+9) =(4,) . =A.

Based on the results of the zero coupon bond vatyate price for a defaultable fixed in-
come bond exposujeat timet, B;j(t) is calculated as the sum of future cash fl@#gh) (see
also Equation (5)), multiplied with the defaultakzkero coupon bond prices (see Bjork, 2009)
that are given by the JLT credit risk model, whicbludes interest rate risk, spread risk, and
credit risk for bonds. Therefore, the bond pricéraet with maturityT; is calculated by

T

B;(t)=> CF(h - (th. (12)

h=t+1

The stochastic market valddVg(1) at timet = 1 of a portfolio withNg bonds (without rein-
vestment) is given by

Ng

W (1= 5, €8 (3 R (8) +3, 4 BTFY ),

i= g
wheren; is the number of bonds of typ¢see Equation (5)).

SCR in case of the internal model

In accordance with Solvency Il, the SCR of the imé& model for market risk is defined as
the capital needed to cover the change in thessett aalue over one year, which in the case
of market risk corresponds to the change in theketaralue of assets during a one-year pe-
riod. Thus, the Value at Risk of the change in dasvn funds is calculated for a confidence
level of 99.5% (see EIOPA, 2010a, p. 92), yieldmgn SCR df

8 Under the simplified assumption of unchanged liidb% (in particular not affected by market riskgase of
a non-life insurer),L(0) = ol [1(1) as well as the properties of translation invareaand positive homo-

geneity (see McNe|I Frey and Embrechts, 2005¢, Walue at Risk of basic gwn funds is given by
dl dl

VaR,E( A0)- 0)- e f A9~ 3)|= vaR f9- b @J (P9- VaBL 1¢ (g’

where the expressmf]r(t)dt is approximated using the composite trapezoidal (Newton-Cotes’formula)

for numerical integration (see Press et al., 2007).
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SCRY, = M, 4(0)- Vaﬁeoo{ & 0y, (1)], (13)

where MVs.g(t) denotes the market value of an asset portfoliesisting of fixed income
bonds and stocks at tintegiven byMVs.g(t) = MVg(t) + MVg(t). Furthermore, the market
value of the portfolio at timeé= 1 is discounted with the risk-free interest ngt® given by
the CIR short rate modéf.

3.3 Model risk

To assess model risk associated with the use aftamal model, in addition to varying the
input parameters, we further replace the relevagtgocesses for stocks, bonds, and credit
risk. Toward this end, first the Heston (1993) apgpeh is adopted as an alternative to the
geometric Brownian motion for modeling stock pricefich is characterized by a stochastic
variance process,

as( )= 0 ) dr [\ } ()
av ()=, 18, ~V(1) devo, V(] @i ( )

Here, 1is denotes the drift of the price procé&¥y and the variance proce¥ft) reverts to the
long-term varianced, with a speed of mean reversiéy and a standard deviatiaw. W,
and W are standardP-Brownian motions on the probability spac(é)r,]{,IP’) with
dV\de\? =,03Vd‘, where pg ,, is the coefficient of correlation.

Second, in regard to the interest rate processshbd rate model of Vasicek (1977) is used
instead of the CIR model, which is given by

dr(t) =, g -r (t))dt+g dW> (1.

with speed of the mean reversien long-term meand, volatility g and standardQ -

Brownian motionw® 18

7 A discussion of different SCR definitions and thiscounting factor in Solvency Il can be found inhriStian-
sen and Niemeyer (2012).

¥ The relationship between the empirical and thek-misutral parameter is given by =% and
8=06-(y, @)/« with market price of risky, (see Vasicek, 1977).
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Third, concerning the impact of the model choicthwespect to credit risk, the reduced-form
credit risk model of Duffie and Singleton (1999)aigplied, where the default event is mod-
eled as a function of the hazard rate, i.e. throadgbox process. The price of a defaultable
zero coupon bond is thus expressed by

R ~["r(s)+h (t.91-0) ds
b(t1) = & ]

with short rater(t), hazard rateh (t, S) for ratingx(t) =i, and recovery rat& at timet.*°
Here, the expressioﬁp(t 5) = h( ! $[ﬂl—5) represents a time-dependent credit spread from
timet to s. In contrast to the JLT model, the Duffie and $&tan (1999) approach thus im-
plies a recovery of market value at the time ofd#fand, furthermore, explicitly allows for
correlations between interest rate and defaultfisk

3.4 Portfolio building and diversification effects

When calculating the SCR of a portfolio of stocksbonds or a portfolio composed of both
asset classes, diversification benefits imply aictidn in the aggregated SCR, both in case of
the standard model and the internal model. Consiglestocks or bonds, the diversification
effect for the first level diversificatiody is defined as

dl(K):%—l, KO{sS, B (14)

kOK

with SCR: denoting the SCR for individual assétg¢from the asset classes of stocks dqr
bonds B)), andSCR denoting the SCR for a portfolio of stocks or atfmio of bonds. To
guantify the diversification benefits for a portobf both stocks and bonds, the second level
diversificationd; is defined as

9 This assumes constant recovery ratésr all exposures analogously to the JLT model.

% The model by Duffie and Singleton (1999) allows ifttegrating correlations between interest rtgand
credit spread dynamip(t,s) depending on a state variabidt) = (¥ ( 19, ..., ¥( }) at timet:
r(t)=a, +a, (9 +...+ 3 0¥ (9,
sp()= b+ ROY(§+...+ BOY( ).

The state variabl&(t) can be modeled by an affine process, e.g. anp@dBess, with independent Brownian
motions and leads to correlated interest rate asditcspread dynamics (see, e.g. Duffie and Singlet997,
1999).
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d,(S+ B i (15)
SCR+ SCR

with SCR denoting the SCR for the stock portfol®CR the SCR for the bond portfolio and
SCR+g the SCR for the portfolio including stocks and @®nin this way, the isolated diversi-
fication benefit of combining a stock portfolio aadond portfolio can be assessed, as diver-
sification benefits within each asset class areaaly accounted for when calculatiBE€R
andSCRs.

4, NUMERICAL RESULTS

In the following numerical analysis, the SCR caltign for market risk with respect to stocks
and fixed income bonds for the standard approacBobfency Il and the internal model is
illustrated. In a first step, the SCR of the asdass of stocks is analyzed for a company in-
vesting§0) = €100 million att = 0, i.e.MV<(0) =0), (for business in force). Second, we
consider the SCR calculation for corporate and gowent bonds only, thereby distinguish-
ing between government bonds of EEA states and Bioh- members, also investing
MVg(0) = B(0) = €100 million in the bond market. The effe€tirovesting €100 million in an
asset portfolio that consists of stocks and boB@%(each) on the SCR, accounting for diver-
sification effects, is then examined in a thirdpstEinally, the impact of varying the stock
portion a on the SCR is studied for the scenario-based 8Soywd standard model and the
simulation-based internal approach. Numerical tesidr the market risk according to the
internal model are derived through Monte Carlo sation with 100,000 pattfs. Moreover,
for all portfolios considered in the numerical aséd, we assume that capital is equally dis-
tributed between the different types of stocks lamalds.

4.1 Input parameters

In the following, we assume a stock portfolio catisg of three “Global” stocks and one
riskier stock investment from the risk class “Othglefined by EIOPA, 2010a, p. 113). Table
6 shows the corresponding annualized expectedretyr 1, — 0.5t with standard devia-

tion 0s? The considered fixed income corporates and goventsnare given in Table 7 and

2L For robustness, all numerical results have betmileged using different sets of sample paths &usn sta-

bility.

Regarding the Heston (1993) model, the mean iliegevariance process of the DAX 30 price ind&y (s
calibrated to the volatility index VDAX that speei§ the implicit volatility of the DAX 30 index (se
Grinbichler and Longstaff, 1996). Maximum likelirtbestimation techniques are used based on mondghly d

22
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differ by time to maturity, the coupon payment,ioas credit ratings, as well as exposures
issued by members of the EEA or not.

Table 6: Stock portfolio (with annualized parameters)

S Index Type me O

1 DAX 30 Global 0.0637 0.2164
2 FTSE 100 Global0.0436 0.1658
3 Dow Jones IndustrialGlobal 0.0755 0.1784
4 India BSE 100 Other 0.1048.3309
5 MSCI World Global 0.0509 0.1574

Notes: The parameters are estimated based on nyothitd from 01/1988 to 07/2011 witlt ®AX 30 (price in-
dex), S FTSE 100 (price index),sSDow Jones Industrials (price index),: $ndia BSE 100 (price index) and
S;: MSCI World (price index).

Table 7: Bond portfolio

Type Rating EEA Maturity (years) Coupon p.a. (%)
Corporate AA - 3 1.25
Corporate A - 5 3.15
Corporate B - 5 9.25

Government AAA Yes 5 2.00
Government A Yes 3 2.75
Government B Yes 5 6.10
Government AAA  No 5 2.75
Government BBB No 7 7.85

9 Government B No 7 8.95
Notes: The data are taken from a database of dttdiged-income bonds, issued in the period ran@®20 to
5/2011, with B: Colgate-Palmolive Company,,BWoolworth Ltd. Company, ;BAir Canada, B: Germany
(Government of), 8 Czech Republic (Government)q: Bsreece (Republic of), B Canada (Government),
Bs:Russian Federation (Government) ang Belarus (Republic of).

O ~NOoO U wWNPR@

The distribution of the time-homogenous Markov gsxcin Equation (9), describing the cre-
dit transition, is based on a report from Standailoor’'s (see Vazza, Aurora, and Kraemer,
2010). This presents the average one-year trangiéites for global corporate bonds meas-
ured based on bond data from 1981 to 2009 (seenippeTable A.1). The last column of

Table A.1 refers to corporates no longer rated (NRBtandard & Poor’s. The average one-
year transition rates for foreign currency ratinggovernments, based on data from 1975 to
2010 (see Appendix, Table A.2), are also publishgdstandard & Poor’s (see Chambers,
Ontko, and Beers, 2011). To deal with transiticlesadentified as “NR”, we follow the pro-

ta from 12/2005 to 07/2011, resulting é{} = 0.0555,K, = 3.3497, andx = 0.3593 (see, e.g. Brigo et al.,
2009). The initial value is set ¥(0) = 0.0555 and the market price of risk is asslimebe zeroj = 0). Be-
sides the price index and interest rate correlatioren byos, = -0.19 (see Table 8), the correlation between
the price and the prices’ instantaneous varianestisated withps, = -0.4533.
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cedure of Bangia et al. (2002) and disregard tifigrination by distributing the rate propor-
tionally to all seven rating classes and the défstaite. The transition rates after eliminating
the “NR” column with the procedure mentioned abawe given in Tables A.3 and A.4 in the
Appendix?®

To determine the recovery level in case of defalufixed income bonds for the internal mod-
el, we follow the specification of the internalirgs based (IRB) approach to credit risk of
Basel IlI, the international standards for bankiagulations, where the supervisory value for
the recovery rate of senior claims on corporates sovereigns not secured by recognized
collateral is set to a value of 55% (see BIS, 2@0&7)>* In the numerical simulation of the
internal model, correlations between stock pricgebiaterest rate are taken into consideration
analogously to the diversification effects in thel@ncy Il standard approach. Here, the
Gauss copula of a multivariate normal distributi®mnised (see McNeil, Frey, and Embrechts,
2005)?°> The parameters for the linear correlation maRixare given in Table 8, where
represents the interest rate term structure giyethdé CIR model an is the equity price for
stocki.

Regarding calibration of the CIR model, the threenth “Euro Interbank Offered Rate”
(EURIBOR) is used with monthly data from 01/19991&#/2011 based on maximum likelih-
ood estimate$® The long-term mean level and the speed of mearsin are thus estimated

?* The hazard ratdy (t,h) with ratingx(t) = i from timet to h of the Duffie und Singleton (1999) model is
defined byh (t,h) = (4, (t.h)-4, (t-1,h)/(1-4, (t- 1,7) (see McNeil, Frey, and Embrechts, 2005). In
the numerical analysis, we refrain from applyingtate variabler(t) for taking correlations into account, as
is similarly done by practitioners and regulatambjch generally measure credit and market risk sply
(see Jarrow and Turnbull, 2000). Brigo and Paliavi(2007) apply a generalization of the Duffie aBih-
gleton (1999) model to integrate correlations betnwdefault and interest rate risk. Their empiricdults
show that the consideration of these dependenaiebe relevant for the valuation of default anériest rate
sensitive assets, in particular for small defatdabilities.

In comparison to Basel I, Standard & Poor’s (Seeza, Aurora, and Kraemer, 2010) identifies a vecp
for senior unsecured corporate bonds with mean38b,4median of 39.2% and a standard deviation of
32.8%, based on global data in the time horizomfit®87 to 2009. Considering sovereign defaults from
1983 to 2007, Moody’s publishes a recovery measdtian average trading price) of 31% (see Cantak et
2008). For all types of bonds, the deterministitugaof the IRB approach of Basel Il was chosentlier re-
covery rate and conducted sensitivity analysis.

Instead of linear dependence (Gauss copula),anrastric (non-linear) dependence (e.g. t copulajcbe
integrated within the asset class of stocks andidmt stocks and interest rates. While Garcia ardatk
(2011) find a strong non-linear dependence forrivggonal assets within the stock and bond martket,
non-linear dependence is weak between stock and imamkets between countries as well as within #mees
country.

More details regarding the procedure to estintageparameters of mean reverting processes usingrmax
likelihood methods are given in, e.g., Brigo et(2D09).
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to § =0.0161 andk, = 0.1036 with a standard deviation @f= 0.039. The initial value is
set tor(0) = 0.01 and the market price of (interest rat® in the CIR model is assumed to be
zero (p = 0). The risk premium in the JLT credit risk mbdés set to
Ty (1) =1.4, OtONg, DiO{ .. k- } and is constant for corporates and governments

X

relating to all rating classes and tinfé§he parameters of the Vasicek (1977) short term in
terest rate model are calibrated based on the dataset and also using maximum likelihood
methods, resulting in§r =0.0149,k = 0.095, ands; = 0.0069.

Table 8: Correlations for the internal model

S S S S S r
1.00

0.68 1.00

0.65 0.76 1.00

0.31 0.31 0.30 1.00

0.73 0.72 0.57 0.26 1.00

-0.19 -0.27 -0.14 -0.21 -0.26 1.00

Notes: The correlations in row;,SS, S, S, S and r are estimated by monthly data from 01/1988%/2011
with §: DAX 30 (price index), SFTSE 100 (price index),sSDow Jones Industrials (price index),: $ndia
BSE 100 (price index)sSMSCI World (price index) and r: EURIBOR (1 mouwfffiered rate, data from 01/1999
to 07/2011).

IR 2N LR

4.2 SCR for stocks

First, we focus on the SCR for a stock investmdr@1®0 million, which is individually in-
vested in every single stock given in Table 6. Aseat step, €100 million are invested in a
portfolio of these five stocks in equal portiong, investing €20 million in each stock, and
then the diversification benefi is calculated (see Equation (14)). Results reggrthie capi-

tal requirements are displayed in the left graph$igure 2 a) and b), where Figure 2 a)
represents the case where an adjustment in thé& shenario of -9 percentage points is made
to counteract possible pro-cyclical effects in adeemarket environments as defined in QIS 5
and Figure 2 b) represents the standard case.

In particular Figure 2 a) (left graph) shows coesably higher solvency capital requirements
induced by the internal model calculated accordingquation (13) as compared to the stan-
dard approach of Solvency Il (determined accordmdequation (6)), especially for stocks

with higher risk as indicated by the standard désia If no adjustment is made in the stan-
dard case (see the left graph in Figure 2 b), nkernal model tends to a lower SCR for the

" Regarding the parameter of the risk premimm=i (t) we follow the assumption of Cairns (2004).
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single stocks compared to the standard approacthéfour global stocks, but to a higher
SCR for the India BSE 100 price ind&x which belongs to the class of “Other”.

Figure 2: Solvency capital requirement for stocks (standaland portfolio with equal pro-
portions) andus / os-combinations for the geometric Brownian motiontfwiut discounting)

leading to the same SCR according to the standacéhti.e. SCR" = SCR!)
a) With adjustment: Shock equals 30% (“Global”) @86 (“Other”)
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Notes: & DAX 30 (price index), SFTSE 100 (price index),sSDow Jones Industrials (price index),: $ndia
BSE 100 (price index) and:3SCI World (price index) (see Table 6).

When looking at the portfolio of the five stockskigure 2 a), the SCR derived based on the
internal model is still lower than the SCR of thanslard model even though the individual
SCRs are all higher in case of the internal modkis is a result of the considerably higher
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diversification benefit that is fully accounted fohen using the internal model, in contrast to
the Solvency Il standard model provided by the la&gus (-23.0% versus -4.8% in Fig-

ure 2 a). In the standard model, only diversifmateffects between the risk classes “Global”
and “Other” are taken into account (see Table Zhensquare-root formula in Equation (3);
the internal approach for stocks accounts fomalividual correlations exhibited in Table 8.

In the right graphs of Figure 25/ os-combinations of the geometric Brownian motion are
displayed that imply the same capital requiremastthe equity risk sub-module in the stan-
dard model of Solvency Il, e.g. “Global” (30%) at@ther” (40%) in Figure 2 a), where for
illustration purposeg;(t) is set to zero to avoid discounting effects. ghaph shows that the
volatility os is an increasing function of the drift tepm and that the curve for “Other” lies
above the one for “Global”. All parameter combipnas that lie on or below the curves would
imply lower capital requirements than 30% or 40%spectively. Combinations above the
curve imply higher SCR values calculated accordinthe internal model. Hence, none of the
Us | oscombinations of the stocks displayed in Table tisBas the Solvency Il standard
model requirements (with adjustment for equity yiske following formula shows the exact
solution ofSCRn“fﬁ; SCR.. (see Equations (6) and (13)) fdt) = 0, when considering one
stock according to the internal model withand /s as an example:

SCR. = %0)- VvaR )
= 5(0)- JO)TE* ™I 7o SR with SCR= (80, x3k0.3,0.39,0.4,0.1
o s g
= Us—0.505+N,0s= In(1-X)
o (o5=N,) = N2=2In(1- )+ 2u,

o 0y =N2-2In(1- X)+ 2 + N, ,

where N, is the a-quantile of the standard normal distribution, whits negative for
a = 0.5%.

From the formula above, the effect of an increasgsion os can be immediately seen due to
the third term in the equation that leads to ameiase ofos. Furthermore, the equation clearly
shows that the standard formula implies that anegse inx (the capital charge in the stan-
dard model)ceteris paribusallows a higher volatility for a given drift terim the standard
model. Thus, the fixed scenario factom the standard formula has several implicati@ss,
the SCR amounts to 30% or 40% of the current mar&lete of the asset, independent of the
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volatility or drift of the asset. The fact that tjue / oscurve for “Other” lies considerably
above the curve for “Global” shows that stocksha tategory of “Other” are generally as-
sumed to have a higher risk. Thus, the internalehwdll imply lower capital requirements
for stocks withus / os-combinations that are below the upper or lowenveun the graph,
depending on the classification, which suggestwekspicking depending on the classifica-
tion and volatility. Overall, a partial internal hel for equity risk is particularly beneficial for
insurers in case of diversification effects.

Table 9 shows the safety levels of the five stakdes under consideration based on a partial
internal model using a geometric Brownian motiomtticorrespond to a risk capital of
30% / 39% and 40% / 49%. The safety levels areimddaby solving the equation above for
a. Thus, safety level§—a above 99.5% mean that the actual safety levelighathieved
with a risk capital ok% exceeds the required one. In general, takingantmunt the adjust-
ment in the shock scenario of -9 percentage pemtsitigate possible pro-cyclical effects,
the safety level is principally lower than 99.5%cept for the MSCI World price indexXs),
which implies 99.52%. Without the adjustment anaisthigher risk capital requirements, the
associated safety levels exceed 99.5% with theptoceof the India BSE 100 price index
(&) of the risk class “Other”, which does not satidfg specified safety level in both cases.

Table 9: Safety level of stock indices for given solvermapital requirements of the standard
model without discounting

S S S S S
With adjustment (30% / 40%) 97.40% 99.21% 99.23% 96.85% 99.52%

Without adjustment (39% / 49%)| 99.50% 99.94% 99.93% 99.06% 99.97%

Notes: $ DAX 30 (price index), SFTSE 100 (price index),zSDow Jones Industrials (price index),: $ndia
BSE 100 (price index) and:3SCI World (price index) (see Table 6).

The impact of model risk regarding the choice ajgasses when calculating the SCR for
stocks is illustrated in Figure 3. It displays tRER for the DAX 30 price index using the
standard model of Solvency Il (with and withoutwesdment) as well as the two internal ap-
proaches, using the geometric Brownian motion aternatively, the stochastic volatility
model of Heston (1993). Figure 3 shows that fordhlkébrated parameters, substantially high-
er capital requirements result when using the Hegt®93) model with its stochastic variance
as compared to the geometric Brownian motion. kiitewh, with capital requirements of al-
most 54%, the Heston (1993) model considerablyedseven the SCR of the standard mod-
el without adjustment (39%). Furthermore, estimaierrors regarding the input parameters,
particularly the long-term mean in the volatilityopess\/@ (including the initial value



28

m ) and the correlation between the stock price &@stantaneous variangey, can
yield a completely different picture of an insusgerisk situation. Figure 3 b) emphasizes the
relevance of model risk in regard to the processesl in the internal models as well as the
input parameters by varying the relevant paramdterthe geometric Brownian motion and
the Heston (1993) model separately by a factor-@&0%%6.

Figure 3: Solvency capital requirement for the DAX 30 pricelex using the Solvency Il
standard model with adjustment (30%) and withoytistchent (39%) (“adj.”), the geometric
Brownian motion (GBM), and the Heston (1993) model

a) Solvency capital requirement b) Model risk falernal models
DAX 30 price index, €100 million DAX 30 price index, €100 million
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Notes: The model risk in the long-term mean inwblatility process implies also a shock to theiativalue,
since we assumgé = \/V (0) ; Model risk: +/-20% of original value (OV).

O Internal model

4.3 SCR for bonds

Next, we study the SCR for corporate and governrhentls for different maturities and cre-
dit quality, given by the individual rating. Agathe focus is first on single bonds separately
and then on the consequence of building a portf@libonds as well as the effect of model
risk with respect to the parameters of the CIR rhodéhe portfolio context. To quantify the
model risk, the starting valug€0) and the standard deviatian of the CIR process are sepa-
rately shocked by a factor of 20% and -20%. In 8oby I, diversification effects arise due
to imperfect correlations between the interest rigteand the spread risk sub-modules.

Starting with corporate bonds, Figure 4 displays SICR when investing €100 million in one
single corporate bond with a maturity of five yeatth varying credit qualities (upper graph)
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and for single corporates with different maturitesd a given credit rating of AA (lower
graph). In addition, the SCR of a portfolio of tteee bonds is calculated, assuming an in-
vestment of equal shares (€33.33 million in eachdpoThe results show that the internal
model, in contrast to the case of stocks (equgl, rsee the previous subsection), leads to a
considerably lower SCR for the considered investngeade credit quality bonds as com-
pared to the Solvency Il standard model. Howewartie B-rated corporate bond in the up-
per graph of Figure 4, the internal model morergghp accounts for a possible default of the
issuer as compared to the standard model and tiplges a considerably higher SCR. Thus,
particularly low rated bonds may be severely ursterated in the standard model.

When looking at the portfolio in the upper partFdfure 4 (5-year bonds), similarly to the
observations in case of equity risk SCR, diveratfan benefits are twice as high in the case
of the internal model as compared to the standardei(-9.0% versus -4.3%). However, the
lower graph of Figure 4 shows a diversificatioreetid;(B) of 3.4%, indicating an increasing
SCR when building the portfolio of bonds. This alvsdéion is due to the lack of subadditivity
for the Value at Risk when calculating the SCR daoéds not occur when using the Tail Value
at Risk.

With respect to model or estimation risk regardihg input parameters, Figure 4 indicates
that it is especially the standard deviation ofitlterest rate process that generates a signif-
icantly higher or lower SCR for a portfolio of higjuality bonds with different maturities,
e.g., when increasing or decreasmdo 120% or 80% of the original value, respectively
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Figure 4. Solvency capital requirement for corporate bo(standalone and portfolio with
equal proportions)

Corporate bonds, maturity: 5 years, €100 million
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Notes: Straight fixed-income bonds issued in thogeaange 2/2010 to 5/2011: Colgate-Palmolive Camyp

(rating (r): AA, maturity (m): 5, coupon (c): 1.3%9, Woolworth Ltd. Company (r: A, m: 5, ¢: 2.55%); Can-

ada (r: B, m: 5, c: 9.25%), Colgate-Palmolive Compdr: AA, m: 3, c: 1.25%), Colgate-Palmolive Compa
(r: AA, m: 10, c: 2.95%); model risk: +/-20% of ginal value.

We next consider the SCR for government bonds égsbyenembers of the EEA as shown in
Figure 5. Besides the internal model that fully mfifees credit and spread risk, we further
consider the SCR for a reduced internal model @aogously to the Solvency Il standard
model, excludes spread risk for EEA governmé&hfirst, an investment of €100 million in

an EEA government bond with a varying credit qyadihd a maturity of five years is consi-
dered in the upper graph of Figure 5. Secondedifft maturities for a given rating are ana-
lyzed in the lower graph. Furthermore as beforetf@eos consisting of equal shares (€33.33

% For the calculation of the internal model withowpread risk, Equation (12) is set to
B,(t)=>." CF(h) ORgy= (t ) with the non-defaultable zero coupon bond prisf, h).

h=t+1
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million for every bond) are analyzed together wvatinodel risk assessment for relevant input
parameters.

The upper graph in Figure 5 shows that the SCRasms even stronger for lower credit qual-
ities as compared to the case of corporate bondsel case of the B-rated government bond
with lower credit quality (speculative grade), théernal model's SCR with spread risk ex-
ceeds the SCR of the other two models by a multiptele for higher rated bonds, the stan-
dard model implies higher SCRs. The internal madéhout spread risk for EEA govern-
ments in contrast exhibits a very low SCR, whichiHer emphasizes the importance of taking
the actual spread risk into consideration in otdesbtain an adequate picture of the risk of a
bond investment. In particular, this observatiogadly illustrates the effect of the special reg-
ulations for EEA governments that do not accounsfread risk, which implies a severe un-
derestimation of risk especially for bonds with veredit quality.

As before, diversification benefits in the Solveritygtandard model do not exist, since the
market value of bonds is summed up without accagnior correlations and spread risk is
not applicable. Besides the rating, another immbriactor for the SCR of bonds is their ma-
turity, which is exhibited in the lower graph ingkre 5 by means of A-rated EEA govern-
ment bonds. In this case, the SCR quantified byrtteznal model with spread risk lies below
the standard model for all maturities due to thengarably low spread risk. The SCR is in-
creasing for longer maturities due to interest rele and credit risk, which is increasing over
time.

Furthermore, the analysis of the model risk illatgs that the initial valug0) and particular-
ly the standard deviatiorr of the CIR process have a strong impact on the,S@iKh is
highly prone to errors in the input parameters. BI@&R even varies around +/-19% for the
internal models both in the upper and lower grapiemwthe actual standard deviationis
20% higher or lower than the one originally assunigtls, a sensitivity analysis regarding
the standard deviation is vital for insurers toeasghe impact of potential model risk.
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Figure 5: Solvency capital requirement for EEA governmemds (standalone and portfolio
with equal proportions)

EEA government bonds, maturity: 5 years, €100 million
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* Spread risk is excluded for EEA government bonds.

Notes: Straight fixed-income bonds, issued in tgod range 2/2010 to 5/2011: Germany (Governmédnt:o
AAA, m: 5, c: 2.00%), Czech Republic (Governmenf,rm: 5, c: 3.40%), Greece (Republic of, r: B, &:
6.10%), Czech Republic (Government, r: A, m: 32.35%), Czech Republic (Government, r: A, m: 11, c:
3.85%); model risk: +/-20% of original value.

The special regulations with respect to spread disknot only comprise EEA government
bonds, but also AAA- and AA-rated government boisdsied by non-EEA states. The SCR
calculations of an AAA-rated non-EEA government td@me given in Figure 6, again distin-
guishing between an internal model with and withactounting for spread risk. Here, one
can observe again that the SCR increases with tangéurities and that the internal model
implies lower SCR values as compared to the stanuadel, also with respect to the portfo-
lio view. In addition, the difference between thtinternal models is similarly minor for the
high rated non-EEA government bonds as in FiguiRegarding estimation risk, too, similar
observations can be made as in the case of EEAmoeat bonds, specifically showing high
deviations in case of the interest rate volatility.
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Figure 6: Solvency capital requirement for non-EEA governtri@onds (standalone and port-
folio with equal proportions)

Non-EEA government bonds, rating: AAA, €100 million
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Notes: Straight fixed-income bonds, issued in #méog range 2/2010 to 5/2011: Canada (GovernmenhAA,

m: 3, ¢: 2.25%), Canada (Government, r. AAA, m.c52.75%), Canada (Government, r: AAA, m: 11, c:
3.25%); model risk: +/-20% of original value.

The impact of model risk in regard to the choiceisk processes for deriving the SCR of
bond investments is laid out in Figure 7, therelwstinguishing between the underlying
process for the interest rates and the credit dpfBaus, Figure 7 displays three different in-
ternal models, starting 1) with the CIR model ahd JLT credit risk model; 2) substituting
the CIR model with the Vasicek (1977) model whiteging the JLT credit risk model; and
3) using the CIR model for interest rates but irdégg the Duffie and Singleton (1999) cre-
dit risk model. The graph displays the SCR for ooape and government bonds with differ-
ent ratings. For high-rated corporate and goverirbends, the results show higher SCRs
when using the Vasicek (1997) instead of the CIRI@h¢compare cases 1 and 2 in Figure 3).
The SCR using internal model 2 even approximates@R of the Solvency Il standard
model, especially for AAA government bonds. For Bieated bonds, the differences between
the two internal models almost vanish as credit issthe major risk driver for this type of
bond exposures.

When comparing the internal models 1 and 3, whaeectedit risk process is defined diffe-
rently using the model from Duffie and Singleto®%92), the SCR results are quite similar as
in the case with the JLT model. However, when usimggDuffie and Singleton (1999) model
instead of the JLT model, the SCR tends to a $lighgher level for the high-rated bonds and
to a slightly lower level for low-rated bond investnts. The differences in the SCR for the
credit risk models are mainly due to the underlyasgumption in terms of the recovery rate.
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The JLT model supposes a recovery of treasury wherescovery is paid out at maturity as a
fraction of a corresponding non-defaultable bond.tHe model of Duffie and Singleton
(1999), the recovery is received at the time ofhdkfas a fraction of the bonds’ market value
(recovery of market value). While this appears miaofirst glance, it can still have a consi-
derably impact when taking into account the largkimes of bonds. Thus, model risk in re-
gard to interest and credit risk should also besssd in order to obtain a more detailed pic-
ture of the firm’s risk situatiof’

Figure 7: Solvency capital requirements for single bondsmgigshe Solvency Il standard
model, the CIR and Vasicek (1977) model for interate risk as well as the JLT and Duffie
and Singleton (1999) model for credit risk

Bonds, maturity: 5 years, €100 million
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* The face value and, hence, the nominal annuapoawypayment in the Solvency Il standard model libicaed
with the CIR and JLT model. Notes: Straight fixedeime bonds issued in the period range 2/20102613/:
Colgate-Palmolive Company (rating (r): AA, matur{ty): 5, coupon (c): 1.375%), Air Canada (r: B, B c:
9.25%), Germany (Government of, r: AAA, m: 5, 00%), Greece (Republic of, r: B, m: 5, ¢: 6.10%).

4.4 SCR for the stock and bond portfolio

We next study the implications of the SCR when gtveg €100 million in a stock portfolio
and a bond portfolio as given in Tables 6 and @ssess diversification effects. In a second
step, €100 million are put into an asset portfobosisting half of the stock portfolio and half
of the bond portfolio, i.e. the stock portion i$ 8850%. Model risk for the internal approach
is analyzed with respect to the risk of misestimaterrelations included in the model. Thus,
the correlation matriP with the parameters given in Table 5 is changed/&30%. When

? The interest rate and credit risk models in Figli@re calibrated based on the same data set ém tirgen-
sure comparability and to isolate the effect of pladsk. The general results thereby remain staldien
changing, e.g., the length of the interest rata dat.
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building a portfolio of stocks and bonds, correlateffects arise when using the square-root
formula in Equation (3) for the equity risk sub-nuteland in Equation (6) for the market risk
module of Solvency Il with the predefined corredas. For the internal approach, the correla-
tion matrixP (with the parameters given in Table 8) is used.

Figure 8: Solvency capital requirement for a portfolio tdeks (Table 6) and a portfolio of
bonds (Table 7) (standalone and portfolio with éguaportions)

Stock portfolio, bond portfolio, portfolio of stocks and bonds, €100 million
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Notes: $ DAX 30 (price index), SFTSE 100 (price index),;SDow Jones Industrials (price index),: $ndia
BSE 100 (price index),sSMSCI World (price index), B Colgate-Palmolive Company,,BWoolworth Ltd.
Company, B Air Canada, B: Germany (Government of) s:BCzech Republic (Government);: Breece (Re-
public of), B: Canada (Government), slRussian Federation (Government)y: Belarus (Republic of) (see
Tables 6 and 7); model risk: +/-20% of original val

From Figure 8, it can be seen that the SCR obtdiyetthe Solvency Il standard model for a
portfolio of stocks is slightly higher than the S@Rthe internal models, even though the
SCR for individual stocks is lower in case of a 3020% capital charge (see the upper graph
in Figure 2). This is due to the considerably hrgtieersification effects that are fully ac-
counted for in case of the internal model (-21.&8%ppposed to the standard model (-4.8%),
which was already apparent in the analysis of &R $f equity risk only. The diversification
effects are even stronger in case of the bondgartimplying a considerably lower SCR in
case of the full internal model (-58.7% diversifioa benefit), while the standard model im-
plies an SCR that is almost twice as high, degpiutersification effects of -13.0%. Regarding
the portfolio of stocks and bonds in Figure 8, dneersification effects of the internal models
are higher (17.3% and 18.5%, respectively) tharnoties of the standard model (7.7%), lead-
ing to similar amounts of SCR in all three models.
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Concerning model risk, the SCR from the internaldeis vary until +/-7% when changing
the correlation values by +/-20%. The model riskcase of the standard model induces a
change in the SCR of around +/-10% and thus demadasta considerably larger impact of
parameter uncertainty as compared to the interodleifrin the considered example.

Figure 9: Solvency capital requirement for a stock and bpadfolio as a function of stock

portion a
Portfolio of stocks and bonds, €100 million, Solvency Il standard model
24
21
=X
18 XXX XK
@ X X XXX R i
2157 XXVXxxxxXxXxx
E | KX XXX XXX
élz xxxxxxxxxxxxxx
o _
S 9
(%]
6 -
3 | I
0 -
T T T T
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
stock portion a
—*—  Market risk B Equity risk = Interest rate risk Spread risk
Portfolio of stocks and bonds, €100 million, partial internal model
21
| s XX 3
e s-x XX xox XXX
SX- X .
& 15 X,Xxxxxxx .o".
c ><)(X><,><><'><'>‘ .o"
o . x-X-
= 12 X X,x,xrx—xx ....l
E X—xrxxxxx'x'xxx QQQQ'.,...-D".
= m :9:8 :
e 88838888888t
O
2B
Ny I||||||””
0 - =il I I I I I I
T T T T T T T T
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
stock portion a
Solvency Il Internal model Internal model . Market risk for bonds
—X— —o— —— ]
standard model (without spread risk*) (with spread risk) Market risk for stocks (internal model with spread risk)

* Spread risk is excluded for EEA governments aAd-/Aand AA-rated non-EEA governments.

Notes: $ DAX 30 (price index), SFTSE 100 (price index),;SDow Jones Industrials (price index),: $ndia
BSE 100 (price index),sSMSCI World (price index), B Colgate-Palmolive Company,,BWoolworth Ltd.
Company, B Air Canada, B: Germany (Government of) sBCzech Republic (Government);: Bsreece (Re-
public of), B: Canada (Government), sglRussian Federation (Government)y: Belarus (Republic of) (see
Tables 6 and 7).

To analyze the impact of the different SCR comptséor different stock portiong, Fig-

ure 9 displays the composition of the Solvencyub-snodules in the market risk module for
the considered asset portfolio and an overall asirggy SCR for a higher portion of stocks.
The total SCR for market risk as shown by the \inidn stars accounts for diversification ben-
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efits. The lower graph in Figure 9 shows that ti@RSof the internal approach lies always
below the scenario-based Solvency Il approach. Mae asa increases, the gap between
the internal models with and without spread riskdmees smaller, which is due to the de-
creasing impact of spread risk in the asset paotfol an increasing stock portion.

Finally, we consider a representative asset patimdnsisting of 20% stocks (in equal pro-
portions: S, &, S, S, S; see Table 6), 60% investment grade corporategavedrnment
bonds (in equal proportion®,, B,, By, Bs, Bs, B7; see Table 7) and 20% of corporate and
government bonds with speculative grade credinhgati(in equal proportion®s, Be, Bg; see
Table 7). Based on this asset portfolio, the plaritarnal model leads to a considerable lower
SCR compared to the Solvency Il standard approbwtesting €100 million, the internal
model (with spread risk) results in an SCR of €8dlfion, while the standard model implies
a capital requirement of €11.85 million, which isast twice as high.

5. CONCLUSIONS

This paper examines the differences of calculativegSCR for market and credit risk using
the current standard model of Solvency Il and aerimal approach. In doing so, we concen-
trate on the asset classes of stocks and bondsnatind most important sub-modules for mar-
ket risk in Solvency II: equity risk, interest ratek, and spread risk. To obtain comparability
between the standard model and the internal apipydle latter approach includes the same
risks considered in the respective sub-moduleb@Bblvency Il framework. Considering the
asset class of bonds, we distinguish between catgpdyonds and government bonds and
quantify the risk of changes in the term structofenterest rates and changes of the credit
spread (over the risk-free interest rate term stre¢. The risk of fluctuations in prices of
equity investments is quantified in the Solvencgduity risk-sub-module.

The procedure of quantifying the SCR in the spnésidsub-module is based on the current
credit rating of the corporate or government bomdsch determine the spread risk factor in
the sub-module. Therefore, to obtain comparabliith the standard model of Solvency I,

we also use a rating-based credit risk model ferithernal approach along with the Cox-
Ingersoll-Ross (1985) model for interest rate rifke development of equity prices is de-
scribed by a geometric Brownian motion. In thengdibased internal approach for bonds, the
credit risk model by Jarrow, Lando, and TurnbuB4T) is used, which quantifies the credit
risk through credit ratings and the probabilityaothange in the credit rating. Transition rates



38

for credit ratings allow the consideration of caqsences of up- and downgrading the credit
quality.

One major result is that even though the standpptoach is easier to use, the insurance
company’s risk situation is generally not suffidigrreflected by the predefined scenarios,
both over- or underestimating the risk associatétl imvestments, depending on the actual
underlying asset risk. The internal model allows ddjustments and differentiated assump-
tions to better reflect the insurer’s individuadaactual credit and market risk situation. The
dimension of underestimating the credit and marisit in Solvency Il by ignoring spread

risk of EEA governments and AAA- and AA-rated noBA: governments specifically de-

pends on the credit quality of the bonds. A comipagaanalysis indicated that compared to
the partial internal model considered in this pafiee standard model appears to particularly
underestimate the risk of low-rated bonds, whileverestimates the risk of high-rated bonds.

In contrast, the solvency capital of the empirica&étimated stock indices studied was gener-
ally underestimated when using the standard moadelaa adjustment factor as applied in
QIS 5 that implies a capital charge of 30% and 46f/stocks in the category “Global” and
“Other”, respectively. However, this result depemasthe adjustment factor. In case no ad-
justment is made (capital charge of 39% and 49y, the India BSE 100 stock index from
the category “Other” implied a higher internal mb8€R than the one induced by the stan-
dard model, while for the other considered stockaes from the category “Global”, the in-
ternal model led to lower SCRs than in the cagaeftandard model.

In general, diversification effects played an intpat role in the total SCR for market risk. In
particular, even though the SCRs of individual ktowices derived according the internal
model were above the ones of the standard modargifiication effects implied a considera-
ble reduction in solvency capital requirementsstbanerally leading to lower SCR values in
case of the internal model. In particular, corielaeffects between different stocks within the
asset class “Global” (e.g. EEA and OECD) and betw/&obal” and “Other” were not suffi-
ciently accounted for in the standard model (apipnaxely -5% in case of the standard model
versus -22% in case of the internal model in treesaonsidered), thus not adequately reflect-
ing diversification benefits.

Thus, insurers should use a partial internal madlil respect to equity risk and credit spread
risk instead of or in addition to the standard madeen calculating the necessary solvency
capital to achieve a predefined safety level. lecaf stocks, this generally allows fully bene-
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fiting from diversification benefits and in case lmdnds, the actual credit risk can be more
detailed and adequately assessed. Additionally,etigk should be taken into consideration
by means of an adequate internal model choice pare@over by conducting sensitivity ana-

lyses with respect to the parameter calibrationkitain a more comprehensive picture of an
insurer’s risk situation. Further analysis shoultically study the calibration of the standard

model and its adequacy regarding a firm’s individisk situation.

Overall, in addition to the SCR quantification,iaternal model further offers the opportunity
to integrate the model in the internal control @sx of the insurer, which is also of high re-
levance in the context of the insurer’s own riskl @aolvency assessment (ORSA) as required
in Solvency II's Pillar 2. Further research shoaldgo look at the implications and incentives
generated by the standard model and internal moegésding the capital allocation behavior
of insurance companies as one of the largest iokesh Europe, as systematic and pro-
cyclical behavior during adverse capital marketaliewments might severely impact the fi-
nancial markets.
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APPENDI X

Table A.1: Global corporates average one-year transitioesrédo) (see Vazza, Aurora and
Kraemer, 2010, p. 27)

AAA AA A BBB BB B C D NR
AAA 88.21 773 052 006 008 003 006 000 331
AA 056 86.60 810 055 006 009 002 0.02 4.00
A 0.04 195 8705 547 040 016 0.02 0.08 4.83
BBB 001 014 376 8416 413 070 016 026 6.68
BB 002 005 018 517 7552 748 079 097 9.82
B 000 004 015 024 543 7273 465 493 11.83
C 0.00 0.00 021 031 088 1128 4498 27.98 14.36

Table A.2: Governments average one-year transition rates(¢& Chambers, Ontko and
Beers, 2011, p. 419

AAA AA A BBB BB B C D NR
AAA 9778 222 000 000 000 000 000 0.00 0.00
AA 337 9364 225 000 037 037 0.00 0.00 0.00
A 0.00 360 9280 360 000 000 000 0.00 0.00
BBB 000 000 6.75 89.03 338 084 000 0.00 0.00
BB 0.00 000 000 6.14 8806 410 102 0.68 0.00
B 000 000 o000 000 7.20 86.36 341 1.89 114
C 0.00 000 000 000 000 3182 31.82 36.36 0.00

Table A.3. Global corporates average one-year transitioesrderived from Table A.1 ac-
counting for non-rated corporates (NR) (%, roundaides)

AAA AA A BBB BB B C D
AAA 91.23 799 054 006 008 003 0.06 0.00
AA 0.58 90.21 844 057 006 009 0.02 0.02
A 004 205 9147 575 042 0.17 0.02 0.08
BBB 001 015 4.03 90.18 443 075 017 0.28
BB 002 006 020 573 8374 829 088 1.08
B 000 005 017 027 6.16 8249 527 559
C 000 000 025 036 1.03 13.17 5252 32.67

%0 To obtain row sums equal to one and thus a cuiaaldistribution function for each row, we adjustivid-
ual values in Table A.2.
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Table A.4: Governments average one-year transition rategadefrom Table A.2 accounting
for non-rated governments (NR) (%, rounded values)

AAA AA A BBB BB B C D
AAA 9778 222 000 000 000 000 0.00 0.00
AA 337 9364 225 000 037 037 0.00 0.00
A 0.00 360 9280 360 000 0.00 0.00 ©0.00
BBB 0.00 000 6.75 89.03 338 084 0.00 0.00
BB 0.00 000 000 6.24 8806 410 1.02 0.68
B 0.00 000 o000 000 728 87.36 345 1091
C 000 000 0.00 000 000 3182 31.82 36.36




