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Abstract

The main target of this paper is to analyse thie pi®file of a multi-line non-life insurer. A risk
theoretical simulation model is then applied witle &im to predict the risk capital regarding only
premium risk. A systematic comparison has beeropmdd between Risk Based Capital obtained
by the application of an Internal Model and theresponding Solvency Capital Requirement as
provided by the Solvency 1I-QIS3 standard formuda diifferent insurers according to dimension
and risk distribution. Finally the paper discustesdependence problem: losses from different line
of business are linked by different approachesth¥d regard the dependence effect on RBC is
examined comparing the QIS3 aggregation formulan@usorrelation matrix) with Internal Model
results. Furthermore different results are obtaiapdlying either elliptical copula functions and
approximation formula based on linear correlation

Keywords: Aggregation and dependency in non-life insuraRecemium Risk]nternal Model,
Solvency II-QIS3 Standard Formula
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1. Introduction

As well known, Solvency Il project has articuladapital requirement framework involving three
pillars. The development of the project represemis of the major area of actuarial priorities.
CEIOPS work programme and Quantitative Impact ®sudead towards the definition of a final
standardized approach for risk capital valuation.

The various sources of risk and methods of detengithe factors required for them would be
defined with the aim to determine a minimum valdecapital strictly correlated to insurers risk
profile. For stronger, more technically able comparmwith effective risk management programs, it
may be more appropriate to introduce alternativéhous for determining the capital required with
respect to specific risk.

Each company should construct its own model: thdehmust reflect the specific risk profile of a
company and must be validated by the supervisoragpropriate risk management analysis could
permit to estimate the actual probability of rumappropriate alternative risk measures for a short
term horizon and to analyse the distribution ofrigtern on equity.

In this paper the structure of a classical rislotbcal model is adopted in order to describerigie
profile of a general multi-line insurer. This imeat model, well known in actuarial literatdye
follows a risk theoretical approach where premiusk s exclusively dealt with. Model parameters
have been calibrated for a specific insurer: it wérmit a full comparison between Risk Based
Capital obtained by the application of an Interkbddel and the corresponding Solvency Capital
Requirement (SCR) computed as specified in the @#83nical documeht

Furthermore the paper discusses the dependenciemprdbsses from different line of business are
linked by different approaches. At this regard ttependence effect on Risk Based Capital is
examined comparing the QIS3 aggregation formul Wwiternal Model results obtained applying
elliptical copula function and using approximationmula.

For these analyses four different non-life insueacompanies are regarded, all of them having
different dimension and/or different claim size ffiweent of variability (CV).

Internal Model and QIS3 Standard Formula are thgrlied to these companies with the aim to
compare the impact of different parameters. Theli®emphasize that Internal Model results give
a reduced risk capital compared to the QIS3 stahttaimula for large insurers whereas small
insurers should prefer the use of the Standard Harfrecause, mainly for the lack of a size factor
in the QIS3-Standard Formula, a reduced requirpdatas obtained.

2. QIS3 Standard Formula for Premium Risk

The Solvency Il project established by EU since12Gthd still in the due coursehas structured
the insurance solvency supervising according aetpiars approach as Basle Il. The publication
of the draft framework directive, confirming thipmoach, has outlined the basic building blocks
for Solvency Il

In Pillar 1, companies have required to hold elgibwn funds covering the Solvency Capital
Requirement (SCR), which shall be calculated bg@propriate Standard Formula.

This capital requirements, for which it is stillder review aStandard Formulashould take into
account all (measurable) source of risk in ordeddtermine an amount to be sufficient to cover the
risk on a time horizon of 1 year for a very higlge of probability (hamely 99.5%).

The above mentioned “standard formula” is undelies@vby quantitative impact studies (QIS),
carried on the whole EU insurance market on a walyrbasis by solo/group insurers.

! For similar applicationsee, for instance, Daykin et al. (1994) Havninga@li (2005) and Ballotta & Savelli (2006)
2 See QIS3 Technical Specification (2007)
® The new Solvency Il regime is expected to comi@ice since 2012
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Pillar 2 gives possibilities to consider utilizitfge option to base the Solvency Capital Requirement
partially or fully, on the results produced by Imtal Model.

Articles 109 to 124 of the Insurance Directive Drdescribe the requirement applying to insurance
and reinsurance undertakings using or wishing te asfull or partial Internal Model in the
calculations of the SCR.

This model should be approved by the supervisotiyaities demonstrating that they meet the use
test, statistical quality standards, calibratioandiards, validation standards, and documentation
standards.

Finally, Pillar 3 will introduce some Disclosure dRerement that all companies should give to
market and insurers.

We focus here on the QIS3 Standard Forida the valuation of a particular subcategory e t
underwriting risk non — life: the premium risk

QIS3 has introduced a uniqgue module for the jowedation of both risks related to future claims
arising during and after the period until the titm&rizon for the solvency assessment (Premium
Risk) and the risk relate to a non-sufficient amtanfrthe technical provisions (Reserve Risk).

The Premium Risk could be estimated according tifierént approaches, the first based on a
market-wide approactand the second one taking into account the spetgtihnical data of the
company by the loss ratibgindertaking-specific approagh

(1) NL™ = p(a, ) [P NL = p(a,,) [P

pre pre

being P the next year gross premium volume (netiosurance) and the functipX)’ as estimate
of the 99,5% VaR of a probability distribution wikandard deviation X :

) i) = 22 Noosloa(x+1))
VO +)

beingNo.g95the 99,5% quantile of the standard normal distrdout
In both approaches the overall volatility) (s obtained as follows

3) o= \/Vlzz CorrLob ™ [V, IV, [&r, [&r,

where CorrLob is the correlation matrix betweenfedént lines of business (LoB), for single

premium and reserve risk (given as an input by GEBYV representing the volume measure and

the single-LoB volatility.

This formula provides a correlation between valgtifor premium and reserve risk of different

LoBs using the correlation coefficient of premiueduced of 50%.

The differences between market-wide and undertagpegific approach are noticeable in the
single-LoB volatility valuation. Market Approach isased on a market-wide estimate of the
standard-deviation for premium risk, determinedaospecific volatility factor given as input by

CEIOPS. For instance, as to the main non-life litlesse factors are given in the next Figure 1:

* For the complete formula see QIS3 Technical Sppatibns

® QIS3 has introduced for the category underwritiisg non-life only two sub-modules: Premium & Reserisk and
Cat risk.

® QIS3 has based undertaking-specific approach @s kratios. CEIOPS says, in technical specificatitinst Loss
ratios (rather than combined ratios, as in QIS2)used since these provide a more objective baisthéd measurement
of volatility, and since this lessens the burderundertakings with respect to data collection.

"Roughly,p(c) = 3 ¢o
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Figure 1: Volatility factor (QIS3 — Premium Risk)

Premium Risk Accident Mot. Property MTPL GTPL
(QIS3 Standard Formula) Damages
Volatility Factor 5% 10% 10% 10% 10%

The undertaking-specific estimate of the standawdation for premium risk is determined on the
basis of the volatility of historic loss ratios. s second approach the volatility for premiuskri

in the individual LoB is derived as a credibilityixrof the undertaking-specific estimate and of the
market-wide estimate as follows:

2

(4) Oyjob = \/ CobTerjon + A= Cob) O Job *

The credibility factor is greater than zero onlyemhcompany has available at least seven loss
ratios. However it always depends on number of lages:

— r.Ilob H
Cop = if N, =7
(5) N, +4

Cop =0 otherwise

The credibility formula shows that the volatilityillsnever be determined only using the standard
deviation of loss ratfo

3. The Collective Risk Model: structure and paramegrs

The framework of the model provides a risk thecedtapproach where only the premium risk is
mainly dealt with and whereas the run-off risk imgsfrom loss reserves is not considered as well as
the reinsurance covers.

A Collective Risk Simulation Mod@is here applied with the aim to quantify the calpiequired for
premium risk for a multi-line insurer.

Following the collective approach, the aggregatincs amount)zt is given by a compound

process, where:
- the number of claims distribution is the Poistom, and, having assumed a dynamic portf§lio
the Poisson parameter will be increasing (or deonga recursively year by year by the real
growth rateg. A structure variabley will be also introduced to represent short-ternctihations,

where g is supposed Gamma distributed with equal parametemeans that the number of
claims k; are Negative Binomial distributed with mean=n, [{L+ g)'

- the claim size amounts, denoted ﬁyt, are assumed to be i.i.d. random variables with a

LogNormal distribution (with mean ghand to be scaled by only the claim inflation riaite each
year.

8 If insurer has all 15 loss ratios requested by@FES, ¢, will be almost 79%.

° For stochastic Risk Reserve see Daykin, PentikaiResonen (1994). For exact moments of aggretitescsee
Havning & Savelli (2005)

19 For each single line of business both the nongnass premium volume;Ryand the risk premium;B,increase
yearly by either the claim inflation rate(i) anatreal growth rate (g)
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For these analyses four different non-life insurance companies are regardedidtives are
summed up in Figure 2), all of them having different dimensiotaandifferent claim size
coefficient of variability (CV). Furthermore all insurers underwrite bessnin the same 5 lines of
business (Accident, Motor Damages, Property, Motor Third-Partylitygdnd General Third Party
Liability) with the same weight on the gross written premiumlsime (rather similar to the actual
proportion in the Italian insurance market):

- LoB 1: Accident: 10%
- LoB 2: Motor Damages : 10%
- LoB 3: Property: 15%.
- LoB4 : MTPL: 55%
- LOB5: GTPL: 10%

Consequently, the examined companies have the following imitial gross premium volume
(without regarding the increase by approximately 5% in the forthapyear, relevant for our risk
capital evaluation):

- CompanyOMEGA: 1.000 millions of Euros
- CompanyTAu: 500 millions of Euros
- CompanyTAU HIGH: 500 millions of Euros
- CompanyEPSILON: 100 millions of Euros.

As we can see from Figure 2 companies) Bind TAu HIGH have the same volume of premiums
(50% of Company ®€eGA) but they differ for the claim size CV; dstandard deviation/mean),

higher than 50% for the Companyd HIGH. Finally, Company ESILON has the same parameters
of insurers MEGA and TAU but it has a largely minor dimension (1/10 ofi€zA):

Figure 2: Parameters for premium and claims

LoBs Ny o(q) g Mo c, i A exp
LoB1 17.374 14,0% 1,9% 3.200 3 3% 22,40%  31,95%
g LoB2 18.515 28,9% 1,9% 2.500 2 3% 64,25%  23,98%
uzJ LoB3 16.580 11,2% 1,9% 6.000 8 3% 6,28%  29,51%
o) LoB4 111.316 8,7% 1,9% 4.000 4 3% 1,88%  17,52%
LoB5 7.721 13,9% 1,9% 10.000 12 3% -7,03%  28,22%
LoB1 8.687 14,0% 1,9% 3.200 3 3% 22,40%  31,95%
S LoB2 9.258 28,9% 1,9% 2.500 2 3% 64,25%  23,98%
< LoB3 8.290 11,2% 1,9% 6.000 8 3% 6,28%  29,51%
LoB4 55.658 8,7% 1,9% 4.000 4 3% 1,88%  17,52%
LoB5 3.861 13,9% 1,9% 10.000 12 3% -7,03%  28,22%
< LoB1 8.687 14,0% 1,9% 3.200 45 3% 22,40%  31,95%
o LoB2 9.258 28,9% 1,9% 2.500 3 3% 64,25%  23,98%
z LoB3 8.290 11,2% 1,9% 6.000 12 3% 6,28%  29,51%
< LoB4 55.658 8,7% 1,9% 4.000 6 3% 1,88%  17,52%
LoB5 3.861 13,9% 1,9% 10.000 18 3% -7,03%  28,22%
~ LoB1 1.737 14,0% 1,9% 3.200 3 3% 22,40%  31,95%
o) LoB2 1.852 28,9% 1,9% 2.500 2 3% 64,25%  23,98%
5 LoB3 1.658 11,2% 1,9% 6.000 8 3% 6,28%  29,51%
a LoB4 11.132 8,7% 1,9% 4.000 4 3% 1,88%  17,52%
LoB5 773 13,9% 1,9% 10.000 12 3% -7,03%  28,22%

It is to be pointed out that some crucial parameters as sa@tyny coefficient X), standard
deviation of structure variableg{ ) and expenses coefficiergx) are obtained mainly by Italian

market Loss Ratios and Combined Ratios (see Figure 3). THigpemit a full comparison
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between Internal Model results and SCR determined with undertgh@ugfis QIS3 Standard
Formula:

Figure 3: Italian Market Combined Ratios (Source: ANIA)

Combined Ratios

160%
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Accident Motor Damages Property MTPL —— GTPL

Take note that the high figure shown by the safety loading.6®B Motor Damages (approx.
64,25%), will give rise to a low capital requirement for that leingB because of high expected
technical profits, taken into account in the Internal Model drdgause expected profits are not
allowed in the QIS3 Standard Formula.

The claim size CV (9 is fixed, for each LoB, on the basis of practical Italian markeh.dat
Moreover, the expected number of claimg @nd the expected claim costgjmeported in Figure 2
for each LoB are referred to the initial year O and they willaase in the examined year 1 (because
of a time span of 1 year is regarded), as described in previougnsémtithe dynamic portfolio,
according the annual rate of real growth of portfolio (g) as to nuofl@aims and the annual claim
inflation rate (i) as to claim size, assumed to be almost 298%ndespectively for all LoBs in the
next simulations.

In this way the gross premium volume of year 1 will be increésedach LoB by approximately
5% and then the underwriting premium risk of year 1 is consélguestimated, with the risk
measures amount compared with the initial (known) amount of gressums of the company.

On the basis of our simulations of the claim amount X for eadh itas estimated the required
percentile at confidence leveland the Required Capital for the single i-th LoB is computed as:

(6) SCR =ccf -ARr™M
where CGCis the capital charge, obtained without safety loading:
(7) CC’ =VaR" -P .

In case of independence among the claim amount of all the lireesotdl aggregate amount of
claims will be clearly the sum of single LoB claim amountwith an aggregate RBC amount

1 All SCR is determined at the generic confideneelle. We'll cut out this indication in the next.
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(SCR'%™) minor than the sum of single RBC amounts of the singlesllmtause of a percentile of
the aggregate minor than the sum of the LoBs percentiles fardependence assumption:

L
(8) SCR*™ =VaR-> P (1+4)

i=1

On the other hand, in case of full dependence among all LoBagtiregate RBCSCR%™ is
derived as the sum of the individual RBC.

In case of linear correlation among the claims amount of allities,|the total aggregate RBC
(SCR¥Ma is determined using an appropriate approximation formula as follows

(SCr-sCR™)

9 SCRSMar = SCRM +
( ) (SCR:UII Corr __ SCRND

SCR%™! — SCRwe™
)

where SCR is estimated joining the single capital charge withrelatbon matrix

I~

!
[y

> Corr; [CC [CC, —ZL:/L P
j i=1

i=1 j=1

(10) SCR= \/
and SCR e SCRY ©°" are respectively given by (derived in either independence and full
correlation hypotheses):

(11) SCR® = /i[cq § —i/m

(12) SCRe!eer =i[CQ ]-ZL‘A R :i[cq -AR|= iscR: SCRear!

i=1

The Capital Requirement, under linear correlation assumption (see Bo(®\W] is derived
rescaling the RBC obtained from Internal Model in case of independsa&e®{™). This appear
necessary becauseCR'® gives an approximate estimation of diversification effect between
different LoB. For further details, Figure 15 (in Section 5) shthesdifferences obtained using the
Aggregate Claims Distribution and the QIS3 Aggregation Foamul
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4. Some Results (Independence and Linear Correlatiy

The Collective Model has permitted to obtain the main disiobatand the required capital in case
of independence and linear correlation. We focus here on the charaderidtie larger company
OMEGA.

For the Company @eGA the simulated distributions of the total claims amount for eéadh and
the distribution of the aggregate amount (in the special casel@dendence among the LoBs) are
reported in Figure 4 , where the main characteristics of the distriisudire also figured out:

Figure 4: Company OVEGA - Simulated distributions of the Total Claim Amourt for each LoB and of the
Aggregate Claim Amount in case of independence (Nuwer of simulations = 1.000.000)
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The figures show the higher positive skewness of Property an@ (emarkable) GTPL, caused by
the high value of claim size variability coefficient)(cFor Motor Damages the large Aggregate
Claim variability () is due to the standard deviation of the structure variabile q.

Finally the Aggregate Claim Amount in case of independencefliseiced mainly by MTPL
characteristics because of the relevant weight of the LoB (55% prevoiume).

Further, for the same Company Omega, in Figure 5 are reported thlateundistributions of the
Combined Ratios (X+E)/B. As well known, when technical resalts in equilibrium this ratio
(defined as claims amount plus total expenses divided by gressyms) is equal to 100%, while
if its value is under/over this threshold a technical profit/lesscurring:
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Figure 5: Company OVEGA - Simulated distributions of the Combined Ratios ad RBC ratios for each LoB and
for the Aggregate level in case of independence (Miber of simulations = 1.000.000)
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As expected, the figures show how the mean of the combined rai1¥3) is very low for LoB 2
(Motor Damages) denoting a large technical margin (almost 30§e$ premiums). Furthermore,
the combined ratio distributions show a large expected profit éoid&nt too (12.5%) and small
technical profit (1.5% for MTPL, 4.2% for Property) for the otheBto

Finally the negative safety loading for GTPL produces a meaheotombined ratio major than
100%, denoting an expected technical loss (5.41%).

The aggregate margin for all the lines is in total aroudd%. As to variability, the standard
deviation of the combined ratios are more or less in the range 7-98&adbrLoB, except Motor
Damages (13,4% for the highest standard deviation of q) and @B?4 for the high value of,&

The RBC ratios (given by the RBC amount divided by initiab€3 Premiums) is related to three
examined confidence levels (see Figure 6):

- 99.00% (corresponding to a S&P rating BB approx.)

- 99.50% (adopted by QIS3, and roughly equivalent to a S&RyrBBB-)*

- 99.97% (corresponding to a S&P rating AA).
and regarding 99.5% level as our benchmark:

2 The declared risk measure target in QIS3 stanfandula assessment is the VaR approach with a 98d¥dence
level

9
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Figure 6: Company OQVMEGA — RBC ratio for LoBs and Total Business in case afidependence
for different confidence levels (Number of simulatbns = 1.000.000)

RBC ratio for LoBs and Total Business

RBC / Gross Premiums

99,5 %
LoBs and Total Business

As expected the highest ratio is registered for the line GTPU¥H8due mainly to its large claim

size CV. Property Line shows a high ratio too (21.8%), whiee MTPL (18.8%) and Accident

(10.2%) has lower ratios. Motor Damage has a 12.5% ratio, ihgtaitding the large safety loading
A, because of the already mentioned large standard deviation of g.

The total capital requirement for the whole companye@n is then equal to 7.96% of gross
premiums in case of independence (almost 77 million of Euro)aydvin case of independence, if
an alternative confidence level is adopted, the requirement is obvaemieasing (to 6.5%) for the
99.0% level, and increasing (to 14.2%) for the 99.97% level.

In Figure 7 it is shown the total capital requirement with liremarelation between LoBs, derived
applying formula (9), using Internal Model results (above illusttatn case of independence and
the QIS3 matrix in case of correlation (reported in Figure 8):

Figure 7: Company OMEGA — RBC ratio

RBC ratio
99% 99,50%  99,97%
No Corr. 6,51% 7,96% 14,21%
Corr.QIS3 | 11,63% 13,96% 25,87%
Corr. QIS2 9,61% 11,49%  19,43%
Full Corr. 18,33% 21,76%  40,81%

Figure 8: QIS3 Correlation Matrix *3

LoB Accident Mot. Property MTPL GTPL
Damages

Accident 1,00 0,25 0,25 0,25 0,25

Mot. Damages 0,25 1,00 0,25 0,5 0,25

Property 0,25 0,25 1,00 0,25 0,25

MTPL 0,25 0,50 0,25 1,00 0,50

GTPL 0,25 0,25 0,25 0,5 1,00

13 QIS3 correlation matrix shows linear coefficiergter than QIS2. However some coefficient (for egsProperty-
Motor Damage) was reduced from QIS3.

10
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For those 5 lines the capital requirement is increasing to 13196%se the QIS3 matrix correlation
is assumed, and 11.49% with QIS2 correlation.

Finally in the extreme case of a positive full correlation the riatirising to 21.76% (18.33% and
40.81% for the other two confidence levels).

In Figure 9 are summed up the 99.5% RBC ratios obtained flmualtcompanies for each LoB and
the aggregate in case of independence. As to the Companyh&ving half dimension of the
company MEGA but identical parameters, for the 99.5% confidence level the capital et
does not receive a large improvement and under independence asssripd ratio increase to
8.68% (it was 7.96% for companw@GA):

Figure 9: RBC ratio (99.5%) for 4 different Companies
for LoB and Total Business in case of independen¢Blumber of simulations = 1.000.000)

LoB OMEGA TAU TAUHIGH EPSILON
Accident 10,40% 10,78% 11,71% 13,91%
Mot. Damages 12,47% 12,69% 12,99% 13,04%
Property 21,82% 26,35% 37,35% 55,34%
MTPL 18,84% 18,99% 19,52% 20,78%
GTPL 58,39% 76,51% 106,53% 159,08%
Aggregate 7,96% 8,68% 10,53% 14,76%

Regarding CompanyAUHIGH, with the only difference from companyd of the claim size CV
(values multiplied for 1.5 for each LoB), the requirement becomes significant (10.53%).

This ratio is not so far to that one (14.76%) obtained foisthallest company ¢SILON), having
the only difference of dimension with companiageBA and Tau.

In particular, it is to be pointed out the relevant RBC ratibtined for the single LoB General
Third Party Liability, caused by its higher equal to 12) and negative technical profit, with values
major than 100% for companiesad HIGH and EPsiLON and over 350% for the same two
companies in case a AA rating target is desired.

Finally, it is important to analyse how the 99.5%9@ratio is moving for all the examined companies
according the (linear) correlations assumptions Egure 10):

Figure 10: RBC ratio (99.5%) for 4 different Comparies

OMEGA TAU TAUHIGH EPSILON
NoCorr 7,96% 8,68%0 10,53%  14,76%
Corr QIS3 13,96%  15,53% 18,69%  24,73%
Corr QIS2 11,49%  12,32%  14,36%  18,74%
Full Corr 21,76%  24,39%  29,46%  38,34%

For all companies the ratio is increasing by roughly 75% unde8 @Bendence assumptions. The
positive effect of aggregation of different lines is very cleaxt ith case of not full correlation allow
the companies a significant saving of required capital. For instancase of these two extreme
dependencies the required capital ratio is decreasing from 21.828% of premiums for the
largest company and from 38.3% to 14.8% in case of the smallepaiogm

11
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5. Internal Model vs Standard Formula

In the next, some analyses to assess the impact of the standaufaf@noposed in QIS3 are
performed restricted to the Non-Life Underwriting Risk, includingyd’remium Risk.

At this regard we refer to the 4 theoretical companies mentioned préti®us Section 4 having 5
LoBs, with their parameters summed up in Figure 2. To those ddated mainly to premium and
claims, some data are now added concerning the historical seriesaddhatios.

For each company and for each LoBs a different historical pattern ohlossis determined.

It is to be emphasized that different historical patterns are assumede 4 insurers with the aim
to compare consistently Internal Model results and undertaking-spegproach of Standard
Formula and to consider that a smaller company would obvioegtyrt a more volatile distribution
of the loss ratios.

In particular, line by line loss ratio patterns for each comggseg Figure 11 for MTPL, GTPL and
Property) are determined with the double assumptions that the ohéast 3 Loss Ratios and the
standard deviation of last 15 Loss Ratios coincide with tleztemean and standard deviation
obtained under the Compound Mixed Poisson Process asswamipg@rameters those reported
previously in Figure 2.

Hence, we have four different patterns for each LoB, where OMEGA Conizanthe behaviour
more similar to Italian market data:

Figure 11: Loss Ratios patterns for last 15 yearof 4 different Companies
(LoBs: MTPL,GTPL and Property)
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It is worth to emphasize as all companies have the same averag®atissbecause we have
assumed identical safety loading and expenses loading, botkeadl&om market data. On the other
hand the standard deviation is slightly modified accordirtbealimension (see Figure 12):

Figure 12: Standard Deviation of Loss Ratios for 4lifferent Companies

Accident Mot. Property MTPL GTPL

Damages
OMEGA 7,89% 13,40% 8,49% 7,09% 15,04%
TAU 8,00% 13,42% 9,45% 7,16% 18,39%
TAU HIGH 8,24% 13,47% 11,48% 7,32% 24,82%
EPSILON 8,84% 13,60% 15,07% 7,70% 35,13%

As shown in Figure 13 standard deviations obtained usingrtiertaking-specific approach (QIS3
Standard Formula) are different from those reported in Figure 12;anteffandard deviation is
determined weighting each loss ratio with earned premium of the saameagd obtaining the
company-specific estimate of the expected value by the premium-wemgeshe of historic loss
ratios. Finally the standard deviation estimate is obtained avitredibility mix based on market-
wide volatility factor too (see formula (4)):

Figure 13: Standard Deviation for Premium Risk
obtained by QIS3 undertaking-specific approach

Accident Mot. Property MTPL GTPL

Damages
OMEGA 6,35% 9,91% 7,38% 7,16% 11,67%
TAU 6,42% 9,92% 7,88% 7,20% 13,87%
TAU HIGH 6,58% 9,95% 8,98% 7,29% 18,20%
EPSILON 6,96% 10,02% 11,08% 7,51% 25,31%

In Figure 14 it is reported the 99.5% RBC ratio derived ftbenQIS3 Standard Formula under the
independence assumption. As expected, all Insurers have the samwitlatthe market-wide
approach (17.0%), because of the lack of a size factor. Therefore, for anteozsting comparison
it would be preferable refer to the undertaking-specific approachtgesubm the comparison
between Internal Model and Standard Formula (based on undertakinfiespggroach) for
Premium Risk, it seems that Standard Formula overestimates theenegui of large-medium size
companies with medium variability (@GA e TAu).

For those insurers the use of Internal Model may allow to reduce dheea@ capital more than
30% (36.5% for MEGA and 32.4% for Au) while for the smallest insurer no significant reduction
of the required capital will take place:
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Figure 14: RBC ratio (99.5%) for 4 different Comparies
with Internal Model and Standard Formula (QIS3) under independence assumptions

Internal Model and Standard Formula QIS3
(Independence)
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However the undertaking-specific approach (under QIS3 Standard Formiviey a result
consistent with Internal Models output.
The differences are due to some assumptions of the Standard Foimp&aticular it is to be
observed:

a) the credibility factor, with 15 loss ratios, is less than 100%en the market-wide higher

b)

c)

d)

volatility factors have some impact on the undertaking-specificcgeh too;

SCR QIS3 formula does not take into account the technical expecifis/ lossel' while
Internal Models regard safety loading in Risk Based Capital (sealf@ri®)) as a reducing
factor,;

QIS3 Aggregation Formula considers less than Internal Modelitleesification effect (see
Figure 15) under independence assumptions. In fact, Interndg¢IMietermines the Capital
Requirement on the Aggregate Claims distribution, while Q@I&8/es it, joining single-line
Capital Charges by an approximation formula (see formula (11));

moreover the “QIS$(x) transformation” is calibrated with the assumption of a LogNormal
distribution for the aggregate claims. This assumption prodacestandard deviation
multiplier underestimated for small or highly variable LoBs (seerEid6).

As to assumption c), in Figure 15 is figured out how QMfgregation Formula presents higher
RBC ratios than Internal Model for all Companies and confidence slegtekcribing only
approximately the diversification effect. For instance, regarding the taoydidence level of
99,50% as t@®OMEGA Company the Standard Formula obtains a required ratio of 8ristéad of
7,96% by Internal Model :

Figure 15: RBC ratio for 4 different Companies obtaned, under independence assumption, from Aggregate

Claims Distribution and joining single Capital Charge by QIS3 Aggregation formula

OMEGA TAU TAUHIGH EPSILON
99% SCRA®M 6,51% 7,06% 8,32% 11,21%
SCR™P 6,87% 7,57% 9,04% 12,34%
99.50% SCRA%M 7,96% 8,68% 10,53% 14,76%
' SCR"P 8,54% 9,59% 11,97% 16,83%
99.97% SCRA®M 14,21% 18,82% 34,79% 51,97%
’ SCR™P 17,84% 23,24% 38,72% 56,51%

1 |n QIS2 Standard Formula, the overall BSCR wasiced (or increased) by the next-year expectedtpii losses)
for Premium Risk
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As to the multiplier mentioned at the assumption d), in #d Rigure 16 this multiplier obtained
from the Internal Model results and under the assumption of Logaldistribution of aggregate
claims is figured outFor OuEGA Company LogNormal assumption is not so far from frequency-
severity results (i.e. Internal Model) while in caseer§iLon Company the LogNormal assumption
underestimates by far the skewness of aggregate claims obtairsgahidgitions (0.25 against an
exact skewness of 3.68) and it drives to a multiplier lower th&srral Model (2,82 instead of
3,13):

Figure 16: Standard Deviation Multiplier (for O MEGA and EPsiLON Companies),
Derived by Internal Model and under LogNormal assunptions

OMEGA EPSILON OMEGA EPSILON
(RBC+A*P)a(X) | (RBC ogn*A* P)/a(X)

Accident 2,84 2,91 2,99 3,04
Mot. Damage 3,11 3,10 3,43 3,45
Property 2,94 3,84 2,95 3,23
MTPL 2,74 2,77 2,83 2,85
GPTL 3,35 4,19 3,15 3,91
Aggregate 2,74 3,13 2,76 2,82

In case of linear correlation, Internal Model results show againndiutor EPsiLoN Company) a
lower ratio than Standard Formula (see Figure 17).

The Internal Model capital reduction is less than the independasee MEGA Company obtains a
decreasing of 17% respect to undertaking-specific approach (it was B6¢a%e of independence)
and Tau Company reduces the requirement of only 11%. The different way nsidey
diversification effect, between Internal Model and Standard Formula,ahlsver impact in
correlation case.

Figure 17: RBC ratio (99.5%) for 4 different Comparies
with Internal Model and Standard Formula (QIS3) under QIS3 dependence assumptions

Internal Model and Standard Formula QIS3
(Linear Correlation)
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Moreover, formula (9), used with the aim to determine RBC ratio ritgrnal Model under
dependence assumptions, represents indeed an approximation formulaidedisadilar way than
QIS3 Aggregation Formula. Under these assumptions (dependéntzjal Model and QIS3
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Standard Formula aggregation structures describe almost in the saynéhev diversification
impact.

However, some analyses show that formula (9) gives Capital Requiraotesd far from the RBC
obtained using the multivariate aggregate claims distributitim avdependence structure described
by a Gaussian Copufa Obviously, if another copula function is used, the differencesigrfsbm
aggregation will result quite different (and then less comparable) $ecdthe tail dependence.

Finally it is worth to point out how Internal Model approatitains a higher Capital Requirement
than by the undertaking-specific for&LON Company, mainly due to the inappropriate use of the
LogNormal distribution in the Standard Formula for a small semapany.

6. Copulas and Correlation Sensitivity

Copulas functions give the possibility to obtain Capital iRegnent under dependence assumption
without using approximation formula. Actually this functioaiow to model the stochastic
dependence structure between lines of business and to describe aggaegatelistribution using
Monte Carlo simulations under dependence assumptions. We preséntrd®B obtained by
Internal Model where single LoBs are aggregated through ediptopulas (Gaussian and T-
Student).

In dimension N, these parametric Copulas are more adequate than theisgiteArchimedean
Copulas. Archimedean Copulas have a major disadvantage: thegaepthe dependence structure
with only one parameter (two in some cases). They are not abteké account of all the
complexity of the observed structures in dimensions higher than tw

Elliptical Copulas are here implemented using correlation coefficientsedefrom the QIS3
correlation matrix (see Figure 8).

In Figure 18 it is compared RBC ratio obtained by Internal Meahel by different dependence
assumptions. For theM@GA Company, it can be observed how Gaussian Copula gives r&e to
lower Capital Requirement than linear correlation. T-Student, veith degrees of freedom (3),
presents a high dependence on both tails, causing a skewedydtggédaims (0.45 against 0.33
under independence) and the highest RBC ratio (15,5% at 99,8% [Eese results confirm the
positive tail dependent®assumed by Student Copula.

Finally a Student Copula, with 30 degrees of freedom, hadrébdi®on rather close to a Gaussian
(tail dependence decreases for raising degrees of freedom) and sholis siesilar to linear
correlation:

15 At this regard, see Savelli and Clemente (20G8)tisn 10.

1% The tail dependence coefficients are asymptotiasmees of the dependence in tails of the bivadisteibutions.
These measurements depend on the copula. Intgresties are those where the coefficients arelgtiacger than
zero, since that indicates a propensity to joigdyerate extreme events.
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Figure 18: RBC ratio (OMEGA Company) under different dependence assumptions
(Elliptical Copulas and Linear Correlation)

RBC ratio (Omega Company)
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If a 99,97% confidence level is adopted, differences between T-St(Bldegrees) and Gaussian
are increasing. This is explained by the fact that the simultaneczigrences of large claims
amount are much more frequent for Student than for Normal Copula.

Moving to the others companies, the results are almost the saussiéh shows the lowest Capital
and Student Copula with 3 degrees has the highest RBC Tatudent, with 30 degrees of
freedom, presents the same RBC ratio of linear correlation for mediuendieng companies, while

it has lower Capital Requirements than linear correlation for smallghtyhvariable Companies

(EPsiLONandTAU HIGH)

Figure 19: RBC ratio (only 99,5% confidence leveljor 4 different Companies
under different dependence assumptions (EllipticaCopulas and Linear Correlation)

Linear Correlation t-Student (30) t-Student (3) Gaussian
OMEGA 14,0% 14,0% 15,5% 13,5%
TAU 15,5% 15,5% 17,1% 14,9%
TAU HIGH 18,7% 18,3% 20,5% 17,9%
EPSILON 24,7% 24,1% 26,8% 23,8%

It can be interesting to analyse how RBC ratio can change mowimg soefficients of QIS3
correlation matrix.

At this regard in Figure 20 it is compared RBC ratio obtainetinaar correlation and by elliptical
copulas, changing some coefficients. It can be observed how Capitalddeent is very sensitive
to MTPL/GTPL correlation (RBC moves from 12,4%, if the twdka@re independent, to 15,5% in
case of full correlation). In fact, MTPL has a not negligible RB@ rad it is representing 55% of
the total Business whereas GTPL has the highest RBC ratio®y58,4%).

RBC ratio moves very slightly from 13,9% to 14,4% changiogelation between Motor Damages
and Accident from independence to full correlation. In this casectiirelation has not a great
impact on the Capital Requirement.

Finally in both cases elliptical copulas have a similar behavibarcaorrelation coefficient choice is
a major problem than which copula to use.
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Figure 20: Correlation coefficient sensitivity (QMEGA Company)
between MTPL and GTPL (default 0.5) and between Mair Damages and Accident (default 0.25)
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Finally, Figures 21 show the 99.5% RBC ratio behaviour, cingnthe correlation coefficient
between MTPL and the other LoBs. A full correlation between MTRLGMNPL gives the highest
ratio (15,5%) and it can be obtained a Capital Requirement equiad, 166 of gross premium,
combining with a full correlation between MTPL and Property.

Red arrows show the 99,5% RBC ratio obtained with QIS3 correlatiefficient.

The correlations with the others two LoBs (Motor Damages andd@ont) have a lower effect on
Capital Level: RBC moves from 12,3% in case of independence nostl16% with full

correlation.

Figure 21: RBC ratio (99,5% OVMEGA Company) with correlation coefficient sensitivity

Correlation Sensitivity

0.2
0.18
0.16
0.14
0.12

0.1

0.08

MTPL-Property

MTPL-GPTL

0.2 -
0.18
0.16
0.14
0.12

0.1

0.08

MTPL-Accident

Correlation Sensitivity

MTPL-Motor Damages

Moving to the smallest CompanyK&LON), we can observe that the RBC ratio at 99,5% moves
from 24,7% (RBC ratio with QIS3 correlations) to 20% undelependence assumption between
MTPL and the other two main LoBs (Property and GTPL).
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The assumptions of full correlation between MTPLd ahe other two LoBs lead to a Capital
Requirement equal to 30% of gross premium (seer&ign).

MTPL and GTPL correlation plays a primary role fBpsiLon Company too: using QIS3
correlation matrix and setting only the coeffidibetween this two LoBs equal to -1, RBC ratio is
equal to 12,98%.

This ratio is lower than Capital ratio (14,76%) abed, for the same confidence level (99,5%),
using aggregate claims distribution under indeperoe@ssumption between all five LoBs.

Figure 22: RBC ratio (99,5%EPSILON Company) with correlation coefficient sensitivity
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7. Some remarks on the forthcoming QIS4

Following the publication of QIS3 report, CEIOPSstaeveloped a first draft of QIS4 Technical
Specifications under tight deadlines (December 200Fen another document, published on 31
March 2008, sets out the technical specificatiande used for the Fourth Quantitative Impact
Study.

Focusing our attention only above Underwriting RN&n-Life module, QIS4 has developed a
modular structure like QIS3. Some Premium Risk mpatars and some formulas has been
modified.

LoBs segmentation is the same as the segmentaipiea in QIS3 valuation, excluding health and
accident, which for the purpose of SCR calculadomtreated in Underwriting Risk Health module
with the same formulation as Non-Life LoBs.

Premium Risk Capital Requirement can be still estad according two different approaches
(market-wide and undertaking-specific estimateg itk QIS3 Standard Formula.

In both approaches, premiums and provisions shbeldllocated between different geographical
areas. It's calculated, for each line of busined® Herfindahi” index quantifying the

" The Herfindahl index is calculated as follows:
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diversification effect only if undertaking has lef&n 95% of its non-life activities in the same
geographical area.

The market-wide estimate of the standard deviatenpremium risk in the individual LoB is
determined as the following volatility factor:

Figure 23: Volatility factor (QIS3 and QIS4 — Premium Risk)

Volatility Factor Accident Mot. Property MTPL GTPL
(Premium Risk) Damages
QIS3 5% 10% 10% 10% 10%
Qls4 5% 9% 10% 9% 12,5%

Figure 23 shows how QIS4 has reduced volatilitydaéor MTPL and Motor Damages and it has
increased GTPL standard deviation.

The undertaking-specific estimate of the standawdation for premium risk is determined on the
basis of the volatility of historic loss ratio patts with the same credibility formula as in QIS8¢
formula (4)).

The maximum number of Loss Ratioghis obtained according to the line of businessAUENnd
GTPL consent to use 15 loss ratios like in QIS3.

Companies can not use any more than five losssr&dr Property, Motor Damages and Accident.
Furthermore the credibility factor depends on nundfd.oss Ratio¥, but the volatility will never
be determined only using the standard deviatidos¥ ratio.

In fact, if undertaking has the maximum number ok4 Ratios, it should calculate the standard
deviation using a credibility factor equal to 0&9in QIS3.

Finally QIS4 has introduced a new correlation mafior Non-Life, but CEIOPS chooses the same
correlations coefficients for the following LoB s€&igure 24).

Accident is correlated to this LoBs using the aggt®n formula between Health and Non-Life
with correlation coefficient equal to 0.25 (like @S3).

Figure 24: QIS4 Correlation Matrix

Mot. Property MTPL GTPL

Damages
Mot. Damages 1,00 0,25 0,50 0,25
Property 0,25 1,00 0,25 0,25
MTPL 0,50 0,25 1,00 0,50
GTPL 0,25 0,25 0,50 1,00

In the next, some analyses to assess the impaitteo$tandard formula proposed in QIS4 are
performed restricted to the Non-Life UnderwritingsR including only Premium Risk.

2
Z (V( prem j,lob) + V(res,j ,Iob)
j

DIVpr,Iob = 2
(Z Vpremioby + Veres, oty )j
i
whereV e i jon) @0V es j1op ) @re the volume measure in geographical areagifigle lob for premium and reserve
risk.

18 See Credibility Factor Table in Technical Speeificns QIS4 (pag. 204)
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We refer to the 4 theoretical companies mentiomethé previous Sections having 5 LoBs, with
their parameters summed up in Figure 2.

We assume the same Loss Ratios historical serigstiag aim to calculate undertaking-specific
approach. The historical series are here consid@ld@dg into account the maximum number of
Loss Ratios fixed by QIS4 (five for Motor DamagPsopperty and Accident, fifteen for MTPL and
GTPL).

The reductions of volatility factor lead to a low€apital Requirement with the market-wide
approach. Figure 25 shows RBC ratio for only PremRisk obtained by QIS3 and QIS4 Standard
Formulas. As in the QIS3 the RBC ratios, determinéth a market-wide approach, are the same
for all Companies.

Figure 25: RBC ratio for Premium Risk only (Market-Wide Approach)
by Standard Formula (QIS3 and QIS4)

Accident Mot. Property MTPL GTPL Aggregate
Damages
QIS3 Premium Risk 14,30% 30,14% 30,14% 30,14% 30,14% 21,57%
QIS4 Premium Risk 14,30% 26,85% 30,14% 26,85% 38,66% 20,25%

Using undertaking-specific approach, QIS4 givesdowstandard deviation than QIS3, except for
GTPL line. In fact, the credibility mix with lowerolatility factor and the behaviour of last five
Loss Ratios reduce undertaking-specific standavéhtien and Capital Requirement.

Figure 27 shows the RBC ratios for all 4 Compaméh QIS3 and QIS4 Standard Formula. For
large and middle-size QIS4 shows again higher @hagRequirement than Internal Model.
Companies with small dimension or with high varigpigives RBC ratio higher than Internal
Model.

Figure 26: Standard Deviation for Premium Risk
obtained by undertaking-specific approach (MEGA Company)

Accident Mot. Property MTPL GTPL

Damages
QIS3 6,35% 9,91% 7,38% 7,16% 11,67%
Qls4 3,44% 4,41% 4,74% 6,87% 12,17%

However it could be observed that it is not appidpra full comparison between QIS4 Standard
Formula and Internal Model results. In fact underg-specific approach uses only 5 five Loss
Ratios for some LoBs, while Internal Model parameteave been calibrated considering all 15
Loss Ratios with a higher standard deviation.

Figure 27: RBC ratio forPremium Risk only
(undertaking-specific approach)

QIS3 QIS4
OMEGA 16,88% 14,63%
TAU 17,51% 15,14%
TAU HIGH 18,85% 16,22%
EPSILON 21,37% 18,25%
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Finally, QIS4 Technical Specifications have confanthe calculations of a total capital
requirement for the Group too, specifically addeelsfor the first time in QIS3. A particular section
provides specifications for calculating and repatigroup capital requirements and group own
funds.

The total capital requirement for the group is akted using different methods based on the
Standard SCR formula applied to the consolidatesumrposition (Accounting Consolidation
Method) or it's determined as the sum of the sdldiRS properly adjusted with the aim to consider
deduction and aggregation effects.

8. Conclusions

In this paper, a Collective Risk Model is appliedhwthe aim to quantify the Solvency Capital
Requirement for the Premium Risk only. In particuteaving paid a large care to choose different
(theoretical) insurers to be representative ofdtaimarket, we presents an interesting comparison
between Internal Model and Standard Formula.

The use of Internal Models show significant redutif required capital for large and medium size
companies. This aspect is confirmed by QIS3 Firegdrt.

It can be observed how some Standard Formula asgunsan conduct at a similar requirement
between Undertaking Specific and Internal Modelsimall and highly variable companies.

It should be emphasized that the Risk Theoreticadiéliis only a simplified version of the complex
practical risk management process and furthermdrevaduations have been made without
considering reinsurance treaties. That could halglaimpact on aggregate claims variability and
on safety loading, with a more flat scale of cdpiguirements according to company size.

Finally, it is worth to reminding that when simutat models are used great attention need to be paid
to avoid as much as possible the three classicdetiog risks (model, parameter and process risk).

In particular the risk of assessing inappropriadgameters used in the model assumes a relevant
importance for the high impact of some parametar€apital Requirement. For example, it could be
useful to introduce a structure variable on claige glistribution too with the aim to consider the
parameter uncertainty. This should have a releirapact on systematic risk and then producing
higher capital requirements for large insurers.
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