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1. Preface

The intention of this paper isto present a method that can be used to calculate the
diversification effects for economic capital. Theoretically accepted methods include
the use of the combination of the risk measure Tailvar (or CTE or Expected Shortfall)
and Copula-functions. Both methods will only work “perfect” in case good
information about the tail is available. In practice thiswill be difficult. In most cases
only information is available regarding distributions and dependencies between risks
under “normal” circumstances. The further in the tail we need this information the
harder it will beto get it. Therefore we have adopted a practical method that will give
acceptable results, not too far from the “theoretically correct” outcomes and more
easy to understand.

The following technical issues arising in the quantification of diversification effects at
Business unit level and group level are described in this paper:

Risk Types

Levelsof diversification

Copulas versus Tail correlation matrix
Estimation of Tail correlation factors
Testing the correlation factors

grONE

This paper is based on a bottom up approach. In order to get the total capital needed at
the highest level of a group we start with the calculation at the lowest level the sub
risks. The issue is then how to combine these sub risks to obtain the capital at various
levels of an organisation.

Alternatively atop down approach can be applied i.e. aggregating the exposures
throughout the group for each risk and then assessing the required capital using
scenario analysisto identify the key risk drivers at group level and modelling these.
These methods can be difficult to set up for complex conglomerates (consistency in
scenarios, difficulty setting appropriate scenarios), also we want to have not only the
total capital but also the capital at intermediate organisational levels, so we need an
allocation system.

Conclusions of this paper

- Bottom up approach should always start at the lowest level of risk
classification.

- Tail-correlation is agood and acceptabl e alternative for the use of the complex
Copula-method, particularly in case we only need the correlation at one point
of the distributions.

- Estimation of tail-correlation factors can only be done using “expert —
opinion”, starting with experience analysis on dependencies between risksin
“normal” cases. Sensitivity testing of the most important factorsis needed to
know where “most energy” should be put in.

- Thediversification models can always be improved.



In the appendix B an example shows atotal numeric overview of all the issues
described in this paper.

Appendix A givesinformation on the theory behind copulas.

Appendix C presents thinking on the wider issues arising when considering the
solvency assessment of an entity that is part of afinancial group. A preliminary
version was shared with CEIOPS in June 2005 and afew adjustments have
subsequently been made.



2. Risk Types

The set up of the risk types is comparable with the method used in the |AA approach
(see Chapter 5 of “A global Framework for Insurer Solvency Assessment” from the
IAA Insurer Solvency Assessment Working Party) such that a distribution around an
expected value of arisk can be based on 3 parts:

- Volatility

Volatility isthe risk of random fluctuationsin either the frequency or severity of a
contingent event. Thisrisk is “diversifiable”, meaning that the volatility of the
average claim amount declines as the block of independent insured risks increases.

- Uncertainty (parameter/model)

Uncertainty isthe risk that the models used to estimate the claims or other relevant
processes are misspecified or that the parameters within the model are misestimated.
Uncertainty risks are non-diversifiable. Increasing portfolio size will not reduce
relatively therisk.

If thereis alarger volume of relevant data uncertainty in parameter selectionis
reduced. However for agiven level of such uncertainty writing more volume does not
reduce parameter uncertainty.

- Extreme events

Extreme events are events with high-impacts and low-frequency. They will cause
fluctuations greater than normally arise from normal modelled fluctuations. In most
cases there are not sufficient observations available to quantify these risks solely from
past experience. Also changing conditions mean that the past is not necessarily a
guide for the future. In addition we note that risks that are normally almost
independent can be more strongly correlated when extreme events occur.

Particularly the underwriting risks are split into the three earlier mentioned sub risks:

volatility — uncertainty — extreme event risk. For example mortality risk can be split

into the following sub risks;

- volatility

- uncertainty trend (uncertainty in the estimation future mortality)

- uncertainty level (uncertainty in the level of mortality for insured population)

- Caamity (extreme event risk for mortality, example Spanish flu — natural
catastrophes like earthquakes, causing high numbers of deaths etc.)

3. Levels of diversification

Because of:

- law of large numbers

- oppositerisks

- unconnected risk

- risksthat are less than 100% interdependent



the combining of the several distributions of all the sub risk typeswill cause a
reduction of the total risk. This diversification is critical to risk management.
Diversification forms the foundation of insurance and is the key-stone on which
important risk management processes rest.

This combining of risksthat are not totally dependent causes the diversification effect:
the total capital related to the combination of sub risks will be equal or lower than the
sum of the capitals for each sub risk.

Part of the mentioned diversification effects, like the law of large numbers, will
already be included in the models used to calculate the capital, e.g. the volatility over
the modelled group of business. Also in case opposite risks exist within the modelled
group of business this effect will be reflected in the modelling of the capital model.
This latter one is also called netting effect. The diversification between the risk types
and because of combining the modelled blocks of businessis donein the
diversification model.

The diversification effect can be calculated at several levels:

a. Between sub-risks, within arisk type

In this level sub risk types are combined into one risk type. This can be done for
presentation reasons. Example: sub risks like mortality trend uncertainty, level
uncertainty, volatility and calamity are combined into one risk type: Mortality.

b. Between risk-types within a business unit (BU)

The result isthe capital for the stand-alone business unit. It contains the
diversification between the risk types and perhaps in combining blocks of business
leading to further volatility diversification (law of large numbers)

c. Between BU’swithin the group or part of the group.

Combining several BU’s into one group will result in further diversification because
of adding volatility parts, combining risk-types over alarger range than in level 2 and
also within arisk-type, in most cases depending on geographic and economic
situations.

Of course diversification can aso be calculated at other levels, in between the levels
mentioned above, for example between entities within one country or at an extreme
between the total of sub risks compared to the group total.

As mentioned at the start of this memo we describe here the bottom up approach.
Starting with the capitals for each sub risk within an entity we want to derive the
capitals needed at the higher levels, like entity-level or group-level.

It isimportant to notice that the bottom up calculation ALWAY S has to start at the
lowest level



So, the Bottom up approach is
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The following explains why it is necessary to work from the lowest level.

A risk like “mortality” contains several risk drivers, as described above (uncertainty
level- uncertainty trend- volatility- calamity). Therefore the total correlation will
depend on the weight between these risk drivers. Thisweight will differ by type of
product, type of business and so on. An example:

Suppose we have the following risks and required capital for each risk on a stand
alone basis:

Table 1

Risk Capital
A 1000
B 200

C 2000
D 500

And the following correlation factors between those risks:

Table 2
A B C D
A 1
B 050 1
C 075 075 1
D 050 050 025 1

Using these correlation factors the following total capitals can be calculated:

Table 3
Risk Capital
A+B 1114




C+D 2179
A+B+C+D 3192

From this we can derive that the correlation factor between (A+B) and (C+D) is:

0.865 (_ 3192° ~1114° - 2179° 1 get the total capital for A+B+C+D: 3192.
2x1114x 2179

Suppose the correlation factors stay the same but during a year the capitals change
from the onesin table 1 into (this could arise from changes in business volume or of
product mix):

Table4

Risk Capital
A 1100
B 300

C 1800
D 800

Using the same correlation factors (table 2) the following new total capitals can be
calculated:

Table5

Risk Capital
A+B 1277
C+D 2145

A+B+C+D 3336

From these capitals we can derive that while the dependencies between the risks did
not changed at all the correlation factor between (A+B) and (C+D) changed from:
0.865 into 0.895 to get the total capital for A+B+C+D: 3336.

Conclusion:

Only correlation factors set at the lowest level are unequivocal and stable over time.
Thus capitals at higher levels should always be derived starting at a lower level.
Deriving a higher level aggregation from a lower level aggregation above the sub
risk level riskswill result in misleading outcomes at the entity or group level.

The fundamental analysis starts with looking at risk drivers or events that cause
changes in the observed events. The correlation between sub risk categories will
depend on the consequences arising from these risk drivers when applied to the
portfolio of business. While many direct writers portfolios will be relatively stable
year on year it is good practice to review the validity of the sub risk correlations.
Consideration needs to be given to changes in characteristics or mix of products that
may impact dependencies.

An example: in most cases low interest rates resultsin aloss, but for some products
that is not the case as increasing interest rates causes losses. Sometimes this interest
rate risk exists on both sides. Therefore a change in product mix can change the sign
of the risk that impacts the correlations related to this risk.



4. Copulas versus the use of Tail correlation factors

The IAA proposes to use Copulas as the theoretically correct method to calculate
diversification effects. Indeed the use of a “standard” correlation matrix iswrong.
Copulas have the advantage that they can be used to accurately combine other
distributions than from the “Normal Family” and that they can recognise
dependencies that change in the tail of the distribution.

Severe incidents can impact risks that are normally independent. Example: normally
market risk and mortality risk will be independent. But when a severe pandemic like
the Spanish Flu would happen with world-wide millions of deaths thiswill certainly
have economic consequences and will also impact market risk (for example equity-
risk).

In practice combining several distributions implies that the dependency in thetail is
higher than on average.

A problem with the use of Copulasisthat it isvery complex in the case that arather
large number of distributions have to be combined. Also there is generaly limited
data available to estimate the copulafunction in thetail. Given these observations
many practitioners consider that a simpler approach can deliver acceptable results.
A more detailed explanation of Copulas can be found in Appendix A

An aternative for Copulas can be the use of an adjusted correlation matrix.

The result of Copulas will be a combined distribution function. However, we are only
interested in the part of it around the confidence level. Instead of filling a matrix with
correlation factors that describe the average dependency across the whole distribution,
we estimate only the dependency at the point we want to know it. The use of an
adjusted correlation matrix filled with tail-correlations will only get reliable resultsin
asmall part of the distribution. We are only interested in the tail (above the
confidence level), so the use of atail correlation matrix isagood alternative. Be
aware that tail correlation factors are not used for standard deviations but are applied
on capitals.

Simulation modelsillustrate the use of tail correlation factors.

Simulation 1: Two independent normal distributions:

Table 6
Correlation factor : 0

Conf. 90% Conf. 99% Conf. 99.95%
Risk 1 1.3 2.4 3.2
Risk 2 1.3 2.3 3.2
Combined exact 18 3.2 4.5
Using Cor. Factor. 1.8 3.2 4.5

As expected the use of the correlation matrix in this case produces the correct result.

Simulation 2: Independent risks - risk 1: log-normal; risk 2: Poisson (10)
Both types of distributions are common in economic capital calculations.



Table 7

Correlation factor : O

Conf. 90% Conf. 99% Conf. 99.95%
Risk 1 1.8 8.8 24.1
Risk 2 40 8.0 12.0
Combined exact 4.7 11.9 24.4
Using Cor. Factor. 4.4 10.8 27.0

The method using the correlation matrix isless accurate, although the “mistake” is not
extreme. But we need to be careful using the correlation matrix method, even in case
of independent risks.

Simulation 3: Two normal distributions, but with a high dependency. The dependency
isformed by: the result of distribution 1 gives the expected value of distribution 2.

Table 8
Correlation factor : 0.70

Conf. 90% Conf. 99% Conf. 99.95%
Risk 1 1.2 2.2 33
Risk 2 1.8 3.3 47
Combined exact 2.8 5.1 7.4
Using Cor. Factor. 2.8 51 74

As expected the method with correlation factors works correct.

Simulation 4: like 3 but dependency only intail of distributions (above 2 sigma’s)

Table9
Correlation factor : 0.12

Conf. 90% Conf. 99% Conf. 99.95%
Risk 1 1.2 2.3 3.3
Risk 2 1.3 2.7 4.4
Combined exact 18 4.8 7.3
Using Cor. Factor. 1.9 3.8 5.9

The method with correlation factors produces incorrect outcomes, particularly in the
far tail. The Var’s are underestimated at the high confidence levels.

Simulation 4b: like 4 but with adjusted correlation factors

Table 10
Correlation factor : 0.12, adjusted for tail correlation : 0.70

Conf. 90% Conf. 99% Conf. 99.95%
Risk 1 1.2 2.3 3.3
Risk 2 13 2.7 4.4
Combined exact 1.8 4.8 7.3
Using Cor. Factor. 2.3 4.7 7.2

The adjusted tail correlation is based on the fact that the same kind of correlation is
used asin scenario 3. The table shows much better outcomes using adjusted
correlation factors. The deviation with the correct capital is small precisely at the
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higher confidence levels. On the other hand: the same adjusted correlation factor can
not be used at the lower confidence levels. That iswhy tail correlations factors can not
be used to produce a complete combined distribution. The method is only applicable
in anarrow range of confidence levels. Therefore it will give acceptable outcomes for
VAR, but will be less convincing for TailVar, where we need to describe the
dependency over the whole tail of the distributions.

In the example in 4b an extreme tail dependency is presented. That resultsin an
adjustment from 0.12 to 0.70. In practice this tail dependency will be more smoothed
and usually resultsin lower adjustments.

5. Estimation of tail-correlation factors

The estimation of the correlation between two risks under extreme circumstancesis
subject to the same uncertainties as the selecting of copula functions. There will never
be enough data for areliable estimation. By definition extreme situations will not
happen frequently. Extreme events that will happen in the future did not happen yet in
the past. The only possibility we have is the use of scientific evidence on
dependencies, based on semi-worse case eventsin the past and expert opinion and to
get an agreement between industry partners and the regulators.

As aresult outcomes are by nature not exact and we should not aim to be more

precise. The expert opinion should result in words that can be translated into numbers.
Table 11

Independent 0
Some correlation 0.25
Significant correlation 0.50
High correlation 0.75
Full correlation 1

With a sensitivity test it is possible to find the (for example) ten most important
correlation factors. Those ten factors can cause a significant part of the total
diversification effect. It isimportant to put more energy in assessing these factors and
less time on the others. In case of high sensitivity smaller steps than 0.25 could be
considered.

Three levels of correlation factors need to be estimated:
1. Between (sub)risks within an entity
2. Between entities within a (sub)risk
3. Between several risk types and severa entities

With the expert opinion level 1 and level 2 can be set. Level 2 will often depend on
geographic and/or economic situations.

Level 3 can be derived from 1 and 2, i.e. thereis no need to estimate separately the
level 3 correlation factors. An approach is described below.

Also correlation factors are needed between sub risk X of BU A and sub risk Y of BU
B. These can be derived from the others.

11



Approximation of correlation between risk type X in BU A and risk type Y in BU
B.

Cora(X,Y)

BU A BU A
Risk type X < > RisktypeY
A A
Corx(A,B) Cory(A,B)
A 4 A4
BUB < » BUB
Risk type X Corg(X,Y) Risk type Y

Cor, (A, B) +Cor, (A B) y Cor,(X,Y)+Corg(X,Y)
2 2

Corréelation factor:

This factor isthe product of the averages of the two sets of factorsinvolved. In this
way the results are logical.

6 Setting and testing the correlation factors

6.1 Test of the impact on the diversification effect of the several
correlation factors.

It isimportant to know the correlation factors between the risk-types with the highest
impact. This can be done by setting the correlation factors one-by-one at 1. So the
impact will be high when capitalsinvolved are high in combination with arather low
correlation factor.

This analysis can be made by setting the correlation factors for the risk between BU’s
al at 1. So no diversification between the BU’s for thisrisk is alowed.

Thistype of correlation only impacts the diversification level 3 (between BU’s).

6.2 Sensitivity test of correlation factors

The correlation factors are generally set up in steps of 0.25. It is possible that this step
istoo high for some risk combinations. In case the impact of this step is high it should
be examined if the step should be smaller. Thisimpact is calculated using a step of
0.25 downwards. An upwards step will not be exactly the same but will be close

12



enough for conclusions. Problem with upwards steps are the factors that are already at
1

7 Allocation diversification effects

Once the diversification effects, for example at group level, are calculated we want to
know what amount the group can allocate to each of the entities. So we want to know
how to split the diversification to each of the entities. This can be done in two ways.
1. Give each entity the same percentage reduction of the capital (proportional)

2. Take into account the contribution of each of the entities to the total diversification
(marginal).

From atechnical point of view the marginal way to allocate back the diversification
effectsismorelogical, particularly in analysing risk types.

Calculating proportional allocation:

With Cg=total diversified capital group and C;=stand aone capital for entity i the
diversified capital for entity i C* follows:

Cid =C, x

CQ
=

In thisway each of the entities gets the same ratio as reduction because of group
diversification, independent of the contribution of that risk to the total diversification.

Calculating marginal allocation:

We wish to calculate how the total capital (group capital) is affected by the inclusion
of each entity. Thisis done by calculating how much the total group capital increases
for asmall increaseinrisk i or entity i, by taking the partia derivative of the capital
for the portfolio with respect to the capital for entity (or risk) i and multiplying by the
stand alone capital for entity (or risk) i (Cy).

So:

13



It can be proved that the sum of al the diversified capitals for each of the entities
equals the group capital:
2.Cipi

ZCid =2Ci x ] =
i i Cg
chicjpij
i

C

g

CZ
:792 Cg
Cg

In the example you can find in Appendix B the working of the 2 methods is shown.

In practice for technical analyses the marginal method is preferable.

14



Appendix A

Using copulasin the measurement of the diversification effect

1- Copulas Theory: Some basic concepts/r esults.

Suppose that the random vector X = (X,,..., X,)" defines the risk that a conglomerate
group or entity facesin each of its d sub-risks, assuming a bottom-up approach.

In insurance and banking it is absolutely necessary to have a statistical analysis of the
risks that allows the study of their inter-dependence, as this has practical consequences
in risk management.

Without loss of generality, we can assume the behaviour of the conglomerate is
described by a joint distribution F with continuous marginal distributionsF,,...,F, that

describe the behaviour of each one of the d sub-risks.

So, if we want to know what is the probability that each one of the risks, for example,
assumes a value below acertain level x,,..., X,, we may write

F (X, Xy) = P(R(X) S F(X),.... Fy(X,) £F (X)) in which it is known that for
i=1,...,d wehavethat F (X;) isauniformrandom variable, intheinterval (0,1).

In this case we feel the need to know F. This can be done by the definition of each
individual distribution (marginal distributions) and coupling them through the definition
of a Copulafunction,

F (%0 %) = C(R(X)), s Fy (X))

The Sklar Theorem, demonstrates that, if F is a d-dimensional distribution with
univariate margins, F,..., F, then thereis aunique copula such that

F (X Xg) = CF(X)), - Fy (Xy))
Conversely, if C is a d-dimensional copula, and given F,...,F, as the univariate

continuous distribution functions, then C(F,(X,),...,F,(X,)) is ajoint d-dimensional

distribution function with univariate margins F,..., F;.

A Copulais afunction that links the distribution function of different random variables
within a stochastic dependence context.

Modelling marginal distributions together with copulas provides a mode for the
aggregate portfolio accounting for dependence between lines of business.
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Copulas have many different forms, for example :
e Forthebivariate, logist also known as Gumbel, distribution function, the copula
is

C (U, u,) = exp{—[(—log u,)” +(~log uz)gﬂ

6 >1 is the parameter that controls the level of dependence between the sub
risks X, and X,. For 6 =1 we have independence.

e For the d-dimensiona Gaussian distribution function, for a mean zero vector and
correlation matrix X, the copulais

CF (U Uy) = @y (D1 (W), D1 (Uy), .., D1 (1))

d

e The copula combining independent distributionsis C(ul,...,ud):H u,
i=1

In practical terms, a copulaisthejoint probability that somerisk X, liesbelow its u,

quantile (R, (w,)) and X, liesbelow its u,, and so on.

2- M easur es of dependence.

It is important to use copulas to get a better understanding (and so a measure) of the
kind of dependence that exists, especially in the tails (because its with the case of
extreme outcomes that we must worry!) of the joint distribution function, which can be

done through the tail dependence coefficient (4). This method is preferable to using

only the simple linear correlation, which plays a central role in financia theory (as can
be seen in the CAPM), but which is only theoretically correct with elliptica
distributions (distributions whose density is constant on ellipsoids), such as the Normal.

2.1-Simple Linear Correlation.

The simple linear correlation p( X, X,) between two random variables X, and X, is

defined by:
cov(X,, X,)

Pl X, X,)=
(%) Jvar (X,)var(X,)
where cov (X, X,)=E(X;X,)-E(X,)E(X,). When working with a vector X the

S [—1;1]

var-cor matrix corresponds to: E[(X ~E(X))(X - E(X))i :

The linear correlation has the following proprieties:
e If X, and X, areindependent, then p( X, X,)=0
e Ingeneral,if p(X,,X,)=0 itdoesn't meanthat X, and X, areindependent.
o If |p(X,,X,)|=1, X, and X, are perfectly linear dependent, meaning that
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X,=a+pX,, with ¢eR and =0, in which if >0 it is a perfectly
positive linear dependence, and in the other case it is a perfectly negative linear
dependence.

e Is invaiant under  strictly increasing linear  transformation,
p( X, X,)=p(a+ B X a,+ B,X,), but it isnt for non-linear strictly
increasing transformation.

A correlation is only defined when the variancesof X, and X, arefinite.

This restriction to finite variance models is not ideal for a dependence measure and can
cause problems when we work with heavy tailed distributions. So actuaries who model
losses in different business lines with infinite variance distributions may not describe
the dependence of their risks using correlations.

Besides, linear correlations don't tell us anything about the degree of dependence in the
tail of the underlying distribution.

Only in the case of assuming distributions belonging to the "Normal family”, can we
say that the margina distributions and pairwise correlations determine the joint
distributions of a vector of risks. With these conditions, it is natural to use:

e the correlation matrix as a summary of the dependence structure of constituent

risk.

e the VaR, (X)=inf {x:F,(X)>a} asameasure of risk, because it can satisfy
the sub-additivity property: VaR, (R +P,)<VaR, (R)+VaR, (P,), with « >0,5
and B, P, portfolios obtained from a linear combination of risks with elliptical
distributions.

A solution to measure the tail dependence, when using copula distribution with

continuous marginal distributions is the tail dependence coefficient which is an
asymptotic measure of dependence, specially focused on bivariate extreme values.

Let (Ul,Uz) be a vector of 2 random variables uniformly distributed on U(0;1), thetail
dependence coefficient, (1), exists since it can be obtained by:
e limP(U,<ulU,<u)=4.%0

oo
e If 2, €]0;1] then C haslower tail dependence.
e If 4, =0, then Cdoesnot havelower tail dependence.
« lim P(U,>ulU,>u)=4,.S0

e If 4, €]0;1] then C has upper tail dependence.

e If A, =0,then Cdoesnot have upper tail dependence.
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Interms of quantiles, if X, and X, have continuous distribution functions, F, and F,
respectively, then:

. _ _ . C(u,u)
<F1 <E™1? =1 = _
o limP(X, <FAU[X <FA(W) =2, = lim ==
o ImP(X,> W] X, > B )= 4, = lim 21 CE- A0
u—-1 u—0* u

It is possible to establish limits for copulas, known as the Fréchet bounds, which can be
helpful in the interpretation of dependence. For every copula C(u,,...,u,) the bounds

are,

max{zdlui +1—d;0} <C(u,...,uy) <min(u,...,uy)

The lower bound corresponds to the countercomonotonic copula in which X, is,
strictly, decreasing function of X .

The upper bound is the comonotonic copula, representing the perfectly positive
dependence.

Fréchet bounds for a multivariate distribution function F with margins F,,...,F, can be
obtained through

max{zd:':i(>§)+1—d;0}SC(Up---'Ud)3min{Fl(Xl)""’Fd(Xd)}

i=1

3- Someremarks about diver sification.

We have defined some concepts and results about copulas with the aim of incorporating
them in the measurement of diversification for portfolios of non-normal risk. To do so,
it is convenient to measure the gain of the diversification risk, and show some remarks
about diversification. But before, we define two alternative risk measures.

One risk measureis VaR, (X ), the maximum possible loss, which is not exceeded with
probability a (a =95%0r99%) . Another risk measure isthe expected shortfall
ES, (X)=E(X|X >VaR,(X)). This ESis the conditional expected loss, given that the

loss exceeds its VaR or the average of the 100x «% worst cases, assuming the loss as a
positive value.

ES, =VaR, (x)+ﬁﬁX (VaR, (X))E(X -VaR, (X)[X >VaR, (X))

So, we can define the measure of diversification effects for economic capita as:
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GP = iZ::VaRa (X;)-VaR, [Zdll X J

which is a positive value in case of the existence of againin using diversification.

Some insurance business unit (b.u.) has n policies, all of each with ainsured sum equal
to 1 (capital that must be payed in case of atotal 10ss).

The company defines a probability of p as the probability of an only loss in a year, of
any of the n policies. So, formally, the behavior of the loss of the i policies is
X, ~ Bernoulli(p). The analysis of the business unit reveals that the behavior of the

d
total loss S= z X. , when the policies are independent, is Binomial (n, p). Assume:
i=1
e F, (s)asthedistribution function of the total losswith n; policies;

e « asthesecurity level
e k> Otheincrease in the dimension of the sample of policies, i.e.n,,; =kxn,, as

j > oo.

So, according to the dimension of the sample of policies n; and the security level,
the business needs to define different VaR, where VaR, (Srh) =F'(s).

Following that, and according to the law of large numbers, for a particular | ,
assuming | =1, it happens that:
VaR,(S,)

VR (5,) "

So, when the number of policies increase by a factor k the VaR increases by a value
much lower than k. This happens because large portfolios are less volatile than small
ones.

But when it refers to very large portfolios, where n; — oo, it happens that:

VaRa (SnJ “ )

VaR, (Snj )

Therefore for very large portfolios the extra diversification to be gained from further
increase in size reduces and in extreme there is no further gain.

-k
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Example diversification and groups effects

Inasimplified way all the issues described in this paper are presented. To keep it ssmple not
all the possiblerisk are included, but only alimited number. Remember it isasimplified
model, just to show how the models work.

The group contains 3 business units, spread over 2 countries. In table 1 you find an overview
of the stand alone capitals involved.

Tablel
Country 1 Country 2 Country 1
Risk type BU 1 (life BU 2 (annuity BU 3 (P&C)
business) business)
Life Trend uncertainty 400 700 0
Life Level uncertainty 300 600 0
Life Volatility 150 10 0
Life Calamity 100 0 0
Non life Non cat uncertainty 0 0 200
Non life Non cat volatility 0 0 20
Non life Catastrophe risk 0 0 250
Market | nterest 1000 2000 300

In this example capital after diversification at BU and group level are analysed:

CapoTe

setting correlation factors

calculating diversified capital
allocation of diversification effectsto lower levels
testing the impact of correlation assumptions
how to deal with diversification at group level

a. setting correlation factors
Because in this example we have 3 BU’s and 8 different risk types the total correlation
matrix with be 24x24, with 276 risk combinations to define. We do that in 3 steps.

First we define the correlation factors between the risk types, then the correlation factors
within arisk type between the BU’s and then the factors between different risk types and
different BU’s.
We take into account that we need adjusted factors for tail dependencies and for non-
normality. The factors are as described in chapter 5 set in steps of 0.25.

In table 2 the correlation matrix is presented.

Table?2

life

non-life

Market

trend

level
volatility
calamity

non cat unc.

non cat vol
cat. risk
Interest rate

life

trend
1

eNeoNoNeoNoNoNe)

level

Oco0oocoojhr O

volatility calamity

0

0.25

1

0.25

0

0
0
0

0
0
0.25

non-life

non cat uncnon cat vccat. risk

0 0 0

0 0 0

0 0 0

0 0 0.5

1 0.25 0

0.25 1 0

0 0 1
0 0 0.25

Interest
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Some explanation:
Between volatility and level uncertainty some (0.25) positive correlation is assumed. One
cause of level uncertainty is observed volatility in the past.

In mortality volatility there is some dependency between the several risks. This
dependency exists because of more or less deaths on result of climate or severe accidents.
Calamity and non life catastrophe risk is set at “significant”, because the calamity can be
caused by a natural catastrophe.

Some positive correlation is assumed between interest rate risk and calamity/Catastrophe
risk. A pandemic could cause millions of extra deaths world wide and would have some
economic consequences. The same isvalid for extreme catastrophes.

Now we define the correlation factors between the BU’s within arisk type. In setting
these we take into account if two BU’s are within one region (or country) or not.

This leads to the following set of factors we use between the BU’s.:

Table3
adjusted for tail dependencies
and non normallity
Country Country
Ci1-C1 C1-C2
life trend 1 0.75 In case of opposite sign: 0
level 0.25 0
volatility 0.25 0
calamity 1 0.5
non-life non cat unc. 0.25 0
non cat vol 0.25 0
cat. risk 1 0.5
Market Interest rate 1 0.75
Explanation:

Trend uncertainty within acountry is set at one. This because the trend used in setting the
Best Estimate mortality rates will be based on country population data. Still between
countries not too far from each other the correlation will be high.

In our example we talk about life insurance (age group 25-65) and annuities (age group
>60). Experience analyses in the Netherlands over the last century showed that the
development over these age groups were not always the same, but even sometimes
opposite. In case the sign of the risk is opposite (like in our example) the correlation factor
isset at 0.

For uncertainty and volatility (both for life and non life) extra volatility is assumed
because of climatologic impacts (like strong winters, hot summers). This causes some
dependency within a country of countries nearby.

For calamity risk within a country the factor is set at 1. It is a severe event that will hit all
the BU’s in a country. Between countries it will depend on how far these countries are
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between each other. Still there will always be a significant positive factor because of
calamity as aresult of aworld wide pandemic.

For catastrophe within one country the factor should be 1. The extreme event will hit all
the BU’s within a country (also depending on the products). In countries nearby there will
be some dependency, between countries far from each other the factor can be set at O
(independent).

For interest rate risk the factor will depend on economic situations. The factors will be 1
within one monetary unit.

The factors between several risk types and several BU’s are calculated using the formula
in chapter 5 (page 11).

b. Calculating diversified capital.

With the correlation factor and the stand alone capital the diversified capital can be
calculated at each level you want:

In total we have 24 stand alone capitals: for each of the 3 BU’s 8 sub risks
Ciwithi=1to24

With the correlation factors between risk i and j: pj

The capital taken into account the diversification effect follows:

Cyy = ZZCiCJUij
i

It isalso easy to use matrix algebrato make this calculation.
The result for our example group is:
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Table4
Example diversification insurance group
Diversification Stand Alone  Diversification Total
Capital within BU BU group Group capital
Country 1 lifel trend + 400
level 300
volatility 150
calamity 100
Interest 1000
Total 1950 782.74 1167.26
= 40% 60%
Country 2 life 2 trend - 700
level 600
volatility 10
calamity 0
Interest 2000
Total 3310 1107.02 2202.98
= 33% 67%
Country 1 non-life  non cat unc. 200
non cat vol 20
cat. risk 250
Interest 300
Total 770 287.92 482.08
= 37% 63%
Total group 3852.32 486.03 3366.29
= 13% 87%

Note that trend+ and trend — are used to indicate that trend impacts liabilities in opposite
directions for the mortality coversin BU 1 and the longevity coversin BU 2.

Asyou can see the reduction of the capital needed at BU level is 33% to 40%, depending
on business and the spread of the capitals. Being part of the group results in another
reduction of 13%. Again, thisisonly an example. In reality this number can be higher
when more BU’s are part of the group, or the risks involved have alower correlation.

c. Allocation of diversification effectsto lower levels.

There are two ways of allocating back diversification effects. This can be donein a
proportional way: all areduction of capital with the same percentage or using a marginal
method: the allocation depends on the contribution of arisk or BU to the diversification
effect. Also acombination is possible: within aBU marginal, from group to BU level
proportional. In chapter 7 you can find the way how to cal culate the methods.

In the next table the method are compared.
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Table5a

Example diversification insurance group

Country 1 life 1

Country 2 life 2

Country 1 non-life

trend +
level
volatility
calamity
Interest
Total

trend -
level
volatility
calamity
Interest
Total

non cat unc.

non cat vol
cat. risk
Interest
Total

Total group

Capital
400
300
150
100

1000
1950

700
600
10

2000
3310
200
250

300
770

Diversification
within BU

782.74
40%

1107.02
33%

287.92
37%

Stand Alone
BU

1167.26
60%

2202.98
67%

482.08
63%
3852.32

Diversification

group

486.03
13%

Total
Group capital

3366.29
87%

1019.99

1925.04

421.26

3366.29

Capital after Capital after
alloc. prop alloc. marg.

47.53
30.08
11.14
26.75
857.77
973.27

145.56
107.39
0.49
0.00
1800.02
2053.46

12.18
0.42
69.62
257.33
339.55

3366.29

Table 5a shows the result of proportional allocation: each BU gets 13% reduction. And in
the last column the diversification is allocated back taking into account the contribution to
the total diversification effect. Asyou can see the insurance risk (life and non-life) are
reduced dramatically. By itself not strange: it is the task of an insurance company to
diversify risks. The highest risk, interest rate risk, gets relatively less. A very high
reduction (88%) can aso be seen at trend uncertainty. Thisis because the two BU’s have
opposite risks (annuity and term insurance).

In table 5b the calculation is done as if the two life companies have the same type of risk:

Table5b

Example diversification insurance group (other trend correlation between BU's, same sign of the risk)

Country 1 lifel

life 2

Country 2

Country 1 non-life

trend +
level
volatility
calamity
Interest
Total

trend +
level
volatility
calamity
Interest
Total

non cat unc.
non cat vol
cat. risk
Interest
Total

Total group

Capital
400
300
150
100

1000
1950

700
600
10

2000
3310
200
250

300
770

Diversification
within BU

782.74
40%

1107.02
33%

287.92
37%

Stand Alone
BU

1167.26
60%

2202.98
67%

482.08
63%
3852.32

Diversification
group

424.22
11%

Total
Group capital

3428.10
89%

Capital after Capital after

alloc. prop alloc. marg.
107.93
29.54
10.94
26.27
842.30

1038.72 1016.98

204.19
105.45
0.48
0.00
1767.56

1960.39 2077.69

11.96
0.41
68.37
252.69
428.99 333.43

3428.10 3428.10
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Asyou can see the capital for trend uncertainty is much higher, but all the others are close
to theresultsin table 5a. At least it proves that the alocation isin such that the
diversification is going whereit is created.

In 5¢ a combination of both methods is shown. The reward of being part of the group is
the same for all BU’s, but the allocation back to the risk typesis done in amargina way.
Theideaisthat the risk manager in a Business unit can only manage his own risks, not the
risksin other BU’s.

Tablebc
Example diversification insurance group Marginal
allocation
by risk Capital after
Diversification within Diversification Total alloc. prop
Capital within BU BU group Group capital group div.
Country 1 life 1 trend + 400 137.07
level 300 86.74
volatility 150 32.13
calamity 100 33.20
Interest 1000 878.12
Total 1950 782.74 1167.26 1019.99
= 40% 60%
Country 2 life 2 trend - 700 222.43
level 600 164.10
volatility 10 0.73
calamity 0 0.00
Interest 2000 1815.73
Total 3310 1107.02 2202.98 1925.04
= 33% 67%
Country 1 non-life  non cat unc. 200 85.05
non cat vol 20 2.90
cat. risk 250 168.54
Interest 300 225.59
Total 770 287.92 482.08 421.26
= 37% 63%
Total group 3852.32 486.03 3366.29 3366.29

= 13% 87%
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d. Testingtheimpact of correlation assumptions

In this part the impact of the several correlation factor assumptionsis tested.

First the correlation factors between risk types are analysed: with what amount will the total
diversification decrease in case no diversification was allowed between the two risk types?
Thisis done by setting the correlation factor at 1 (in table 6athe 10 correlation factors with
the highest impact are given).

Second the correlation factors for each risk between the BU’s are tested. Thisis done by
setting all the factors for that risk we assumed between the BU’s at 1 (table 6b shows this
effect).

Third the step of 0.25 istested. Isthis step not too coarse? Thisimpact is calculated by setting
the correlation factor 0.25 lower and seeing what the impact is on the total diversification
(table 6¢).

Table 6aimpact by setting correlation factor at 1

Risk 1 Risk 2 Impact amount Impact % total
diversification

Mort. Trend unc. Interest rate risk 709.5 27%

Mort. Level unc. Interest rate risk 568.1 21%

Mort. Trend unc. Mort. Level unc. 156.8 6%

P& C current cat risk | Interest rate risk 139.2 5%

P& C cur. non cat unc | Interest rate risk 98.1 4%

Table 6b impact by setting correlation factors between BU’s at 1

Risk Impact amount Impact % total

diversification

Interest rate risk 194.0 7.3%

Mort. Trend unc. 82.2 3.1%

Mort. Level unc. 56.5 2.1%

P& C cur. Cat risk 9.3 0.3%

Mort. Volatility 39 0.1%

Table 6¢c impact by decreasing correlation factor with 0.25

Risk 1 Risk 2 Impact amount Impact % total
diversification

Mort. Trend unc. Interest rate risk 202.1 7.6%

Mort. Level unc. Interest rate risk 157.7 5.9%

P& C current cat risk | Interest rate risk 47.7 1.8%

Mort. Tend unc. Mort. Level unc. 40.3 1.5%

P& C cur. non cat unc | Interest rate risk 25.0 0.9%

Because of interaction between factors these factors can not be added!

Possible conclusions looking at these figures:
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Extra attention for the interest rate risk related factors is necessary; particularly the correlation
between mortality trend and mortality level needs some extra attention. Also for interest rate
risk a step smaller than 0.25 needs to be analysed.

Be aware that thisis only an example. In real situations, where also other risk types are
involved the result will look different.

e. How to deal with diversification at group level.

Suppose the first BU (country 1 life) is astand alone company. The balance sheet will ook
like:

Company 1

Assets 11,167.28 Liabilities 10,000
Capital 1,167.26

As part of the group with reduction of the capital needed by 13% (allocated back from group
diversification):

Company 1 as part of group

Assets 11,019.99 Liabilities 10,000
Capital 1,019.99

It can be defended that a company as part of a group should hold the same capital as a stand
alone company. In that case the group can give acommitment for the allocated group
diversification. The balance sheet will look like:

Company 1 as part of group

Assets 11,019.99 Liabilities 10,000
Group “securitization”  147.27 Capita 1,167.26
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Solvency assessment for an entity that is part of
afinancial group

A GC WORKING GROUP 5 ISSUE PAPER

BACKGROUND

As part of its support for the EU Solvency Il project, Group Consultatif has set up a number
of working groups. Working group 5 is to address group and cross-sectoral issues.

This issue paper discusses some of the potentid issues identified by working group 5. Many
of these issues are of a non-technica character, and other issues tha are of a more technica
nature are described in another paper.

In this paper we assume tha in Solvency 11 vduation of capita requirements and available
assets will follow economic principles.

THE PROBLEM

Complications exist when viewing the solvency of a group of companies. Wheress the
individual legd entities can aways be viewed on a stand done bads, the solvency of a group of
companies is not necessarily equa to the sum of the parts, and questions arise as to what
adjustments should be made to the solvency assessment of individua entities to take account of
their membership of a group.

There are arguments tha the group should be the primary focus of supervision. However an
underlying assumption in the following is that whilst the solvency of a group as a whole is of
interest, the primary consideration of regulators will still be the solvency of individua entities.
Hence the importance of considering suitable adjustments to an individud entity’s solvency
assessment.

For the purposes of this paper the definition of a“Financid group” is agroup of (regulated)
entities whose primary business is financid. This would include insurance, banking and securities
business. Note that in the Financial Conglomerate Directive reference is made to such groups,
dthough here the definition demands tha the group is active in more than one sector (e.g.
insurance and banking). At this stage we do not comment as to what level can be considered as a
controlling interest.

Of particular significance in assessing the solvency of a group, isto look at the influence of
the various possble corporate structures, as well as the effect of different intragroup
transactions. Two important areas of risk that need to be considered are:

o Diverdfication: the fact that the group is engaged in a variety of business areasin a
variety of markets can mean that the overall level of risk is reduced at the group level

0 Contagion: the fact that an entity is amember of agroup can mean that it is exposed
to secondary effects from problems in other parts of the group. An example of this
being if one entity in a group involved in banking has financid problems, customers
in other banks in the same group might cdl into question the financid stability of
those banks and the result can be a“run on the bank”.
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If one can ignore the various frictiona effects of running a business in a number of legd
entities (these effects are discussed separately), it is reasonable to expect that the assessment of
solvency of a group is neutrd to corporate structure of the group. However a an individua
entity level this may not be true.

The assessment of solvency is further complicated when the entities within the group are not
in the same sector and are thus ruled by different definitions of required solvency. This can mean
that thereisalack of consistency in measuring solvency across the group.

POSSIBLE CORPORATE STRUCTURES CONSIDERED

Whilst there are any number of combinations and variations, a distinction is made between
four different forms of corporate structures for providing financia services in a group. The
structures are illustrated by considering a group that has two lines of business (LOB)

1

Integrated modd: here financid services ae
offered within the same legd entity. The solvency
of the business would then be consdered as a
whole, and any diversfication effects between the
lines of business would naturaly be taken into
account when assessing the whole entity.

Parent-subsidiary mode: here one regulated
operating entity owns (or part owns) another legd
entity with operationd activities. The relaionship
between the entities includes a direct cepitd
relationship. In this case the lines of business are
conducted in different entities and initidly the
solvency will be assessed on an individud entity
levd, and so diversfication effects between the

lines of business will not be normadly be included. Note tha here we can dso

include cross shareholdings.

Holding company mode: here a holding company
without its own operational activities owns a
number of subsdiaries. There is no direct capital
relationship between the operaing entities, but
there is an indirect capitd reaionship. Agan
initidly the solvency of the entities would be
consdered on an individua company leve, and so
no diverdfication effects between lines of business
would normally be included.

Horizonta group mode: here there is no direct or
indirect capitd interest but the entities have other
links (such as common management). Again with
the individud entities being evduated on a stand

Entity

LOB 1 LOB 2

Entity 1
LOB 1
A 4
Entity 2
LOB 2
Holding
Company
A 4
Entity 2 Entity 1
LOB 2 LOB 1
Unified
Management
Entity 2 Entity 1
LOB 2 LOB 1
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aonebasis, any diversification effects are not captured.

5. In addition to subsdiaries branches can dso be used. We observe that in pure
economic terms the capita required for a parent company with a subsidiary is
the same as for the parent company and a branch as the risk exposure of the
combined undertakings is the same. However akey difference from aregulatory
perspective is that the policyholders of abranch have automatic recourse to the
ast base of the mother company wheress in the subsidiary they have no
automatic rights to support from the parent. This reationship is recognised in
the existing directives which place supervision of a branch of an EU regulated
entity with the home supervisor of the parent of the branch. In particular a
branch structure would alow full recognition of diversification effects in capita
assessment. By comparison some regtriction may be justified in the parent
subsidiary structure following assessment of any limitations on access to capita
support.

Naturdly in practice alarge group would have a complex combination of the above.

CONTAGION RISK

Under contagion risk we refer to the risk that an entity is impacted by events in a fellow
subsidiary or the parent. As such contagion is not arisk type but a consequence of arisk event.

The cdlassic example is the ‘run on the bank’ where events in one branch or entity lead to a
loss of depositor confidence in other parts resulting in severe liquidity issues.

We believe that contagion in insurance companies is likely to be different to the banking
environment. In Non-Life insurance and mortdity business an insured event has to occur before
a clam for payment can be made. In life assurance where policyholders may have a surrender
option a ‘run’ would be possible but where surrender vaues are adjusted according to market
vaues or where tax charges for the policyholder are triggered there can be mitigation effects.
Where surrender vaues are guaranteed a high levels the ‘run’ has more potentid to cause
significant damage. We dso note tha group contracts may have delayed settlement provisions
mitigating liquidity issues.

One useful survey on contagion is the Freshfieds paper prepared for the Dutch regulator.
We fed that contagion is not generdly susceptible to additional capitd requirements but should
be addressed through risk management processes which are reviewed under Pillar I1.

Limited liability is one tool for the management of some aspects of contagion risk. This can
be used to limit the impact on group members from the eventsin a particular entity. This will be
a comfort to regulators but where the group intendsto strongly limit its support that will need to
be reflected in the capital requirement of the particular entity.

ASSESSMENT OF SOLVENCY ON A STAND ALONE AND GROUP BASIS

The objective is to ascertain atarget level of solvency (solvency capital requirement or SCR)
and compare available risk capitd (ARC) to that leve. This can be done on a stand done basis
for each entity in agroup, and also on an overall group level basis.
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Initialy each legd entity can be considered on atotdly stand done basis, i.e. asif it was not
pat of a group. The question is then what adjustments should be made as a result of
membership of afinancial group.

A gtandard adjustment that is made under current rules is the dimination of interest in other
(financia) entities. Thisisto avoid “double gearing” of solvency capitd. Whilgt it islogica not to
double count equity, a weakness of the gpproach istha a company may not get any credit for its
ownership of “excess capitd” in asubsidiary. Today other adjustments are not usually made.

The group solvency can be assessed in anumber of ways. The most appeding gpproach isto
use the consolidated accounts where dl intra group transactions and baances are diminated.
Another approach is to add capitd (both SCR and ARC) from the relevant entities. The danger
here being tha certan “consolidation effects” ae missed. Another consderation is the
eimination of intra group credit risks. Note that in assessing the amount of SCR a the group
level, it is possible to take into account group effects such as diversification, contagion effect etc.

The same arguments can be gpplied to MCR (the minimum capitd required). However a a
group level it isuncertainif MCR plays arole. If the available capital is under MCR for agroup as
a whole, then it is dmost certain tha a number of entities within the group have had capitd
under MCR for some time, and this means tha action will have dready been taken (which may
mean effective remova from the group).

When assessing group solvency it is dso necessary to consder the actud ability of the group
to transfer capital between entities and account should also be taken of the fact that risk capital is
not necessarily easy to transfer within the group, for example some non EU entities may not be
ableto release capital dueto local regulatory constraints.

Given that the regulators primary concern is the solvency of individua entities, it is of
interest to consider how the solvency assessment of an individua entity can be relaed to the
solvency of the group as awhole.

ADJUSTMENTSTO STAND ALONE ASSESSMENTSIF MEMBER OF A GROUP.

Whilst aregulator may start from the position of considering alegd entity on a stand done
basis, there are a number of reasons for adjugting the assessment when an entity is part of a
group. These reasonsinclude:

o Effect of diversification within the group

o Contagion issues within the group

0 Accessto extracapital within the group

o Commitment to supply capital to other entities within the group

0 Other effects of group activities

There are a number of adjustments to the assessment of an entities solvency that could be
considered:

o Elimination of investmentsin group entities (i.e. entities with operating activities): as
previoudy stated this is a reduction in available capitd prescribed by current rules.
This coud be téken a a  adjugment to the ARC

The degree of such an adjustment is atopic that would merit further consideration.
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0 On a pure economic approach to the baance sheet we would not expect any
goodwill dement. If one does arise exigting rules would require its dimination. We
note there is an argument that goodwill represents a vdue that can for example be
realised on sale of that investment

0 Adjustmentsto alow for access to capital from other entities within the group. This
could also be an adjustment to ARC.

The necessary conditions for such a credit would need to be examined.

0 Adjustmentsto dlow for explicit or implicit commitments to supply capitd to other
entities in the group: thiswould naturally be an adjustment to ARC

0 Incdusion contagion risk: a naturd way to make an adjusment for this would be
through an adjustment to SCR. However contagion risk can be difficult to quantify
and might be better considered under “pillar I17.

0 Whilgt in considering agroup's solvency it is naturd for diversfication to be seen as
reducing required capital when considering the position in an individual entity within
agroup it ismore natural to consider diversification at group level as creating aform
of available capital (ARC).

0 Whilgt the same adjustments could be made to MCR, in practice regulators might
fed reticent to do this as the action takes on amore legd status/ as the MCR needs
to be a straight forward formuletion that can be demongtrated in courts a time of

distress. If the tota of MCR and technicd provisions are not too high it would not
be necessary to consider diversification effects outside the legal entity.

A pragmatic approach to adjusting ARC:

One pragmatic gpproach to adjugting the amount of available risk capitd, which takes into
account many of the above effects, could be to use the following formula:

ARC's=c* ARCs+ (1-¢) * SCRs * ( ARCs + SCRr — SCRe) / SCRr

Where

ARC s= Adjusted availablerisk capital

ARCs = Avallablerisk capital prior to adjustment

ARCg = Available Risk capital on agroup basis

SCRs= Solvency capital required on a stand alone basis

SCRe = Solvency capital required on agroup basis

SCRr = Total of SCRsfor individual entities, i.e. > SCRs

¢ = aconstant that depends on the relationship of the entity in question to the group

The extent to which group capitd is taken into account is thus driven by the constant «c”. If

“c” is 1 then no account is taken of group capitd, if «“c” is 0 then full account is taken of group
capita levels. Note that the adjustment can be both positive and negetive. That isto say an entity
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with reaively high capitdisation would be adjusted downwards to take account of an implicit
commitment to supply the rest of the group with capital.

This formulawould need to be adjusted when the ownership is not 100%

Note that since we would recognise group diversification effects to decrease SCRg, it is not
necessarily true that SCRg = Y SCRs= SCR.

OTHER GROUP ACTIVITIESTHAT CAN HAVE AN EFFECT ON THE SOLVENCY
OF ITSMEMBERS

There are anumber of benefits of being amember of afinancia group that should be taken
into account when assessing solvency. Equaly there are dso areas of potentid additiond risk to
consider. These effects are usudly of a more “soft” character and it can be difficult to put an
objective measure on them

Beneficial effectsto consider

1. A financid group often has its own “oversight” function(s), which means that the
quality in areas such as audit, risk management etc has benefited, both as aresult of
having had a “second pair of eyes” and aso experience from other markets sectors

2. Often there is coordination of liquidity requirements within a group (for example
through the use of common cash accounts etc), and through this, access to liquidity
isimproved for the individual entity

3. A coordination of ceapitd acquisition activities can provide benefits in terms of
speed, avalability and cost of new capita. Also capitd released within the group is
more reedily available to meet the needs of other parts of the group.

In awell managed group this can dso reduce pressure on entity management to find
ausefor idle capital.

4. Asthe groups reputation is important an individud entity can find that it has a great
deal of support from the group in avoiding and solving reputational problems

Areas of potential increased risk

1. There can be pressure to accept terms and conditions to support wider group
interests

2. There can be pressure to maximise exposure for a given level of capitd in order to
support a group capacity and limit costs associated with capitd movements or risk
transfer

3. There can be exposure to fellow subsdiaries and the entity management may not
have the access to the same readily available credit ratings as it would when deding
with external parties. Effective group supervision would mitigate this.

4. In a wide spread group, management might have limited relevant insurance
experience, but & the same time exert strong influence on the entity leve
management.
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5. The existence of agroup with deep resources may encourage local management to
be more risky.

We might expect these and other issues to be dedt with by quditative requirements on
management in general and risk control in particular.

INFLUENCE OF INTRA GROUP TRANSACTIONS

Group structure will impose relationships depending on company law and possibly other
loca legd requirements. In addition there are a number of intra group transections that creste
capital obligations

There are a number of forms of intra group transaction to consider. Many of these
transactions can and are used to transfer the “group effects” described above around a group.

1. Capital: pure cgpitd can be paid from one entity to another. In this case
the reaionship is quite straight forward, and little differs from a stand
alone entity

2. Forms of capitd guarantee: here a company guarantees a supply of
capitd. Under current rules for insurance companies, to alimited extent
one is dlowed to use “subscribed but not paid” capitd as part of ARC
and thisis one form of guaranteed capital. There are a number of forms
in which capitd can be guaranteed, and a decison needs to be made as
to how water tight the guarantee needs to be in order for it to be
included in the ARC

3. Internd reinsurance internd insurance is one way of explicitly taking
advantage of diversfication effects, a least asfar as underwriting risk is
concerned. By swapping underwriting risk between entities, both
entities can benefit from a diversfication risk effect. A problem with
internd reinsurance, is that if an entity is considered on a stand done
basis the credit rating of the reassurer comes into play thus introducing
extrarisk that does not exist on a group basis (where the transaction is
eliminated on consolidation)

4. Contingent loans (subordinated debt etc): this another form of
capitaisation, which can under certain circumstances be consdered as
ARC

5. There are other forms of capitd transfer: in some jurisdictions, for
example in Sveden there is “concern contribution” — essentidly a tax
free transfer of capital.

6. Internd cross charging: although there are often rules covering transfer
pricing, one way of “trangferring” capitd is to adjust the amount being
charged for goods and services between entitiesin a group.

When considering intra group transactions, care needs to be taken to ensure that there is not
any “artificid capitd creation”. This is particularly important where there are non-regulated
entities and/ or entities outside the EU. Examples being: (&) a holding company that borrows
heavily to capitaliseits subsidiaries; (b) an offshore reinsurance entity with no risk capital.
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It should be noted that there is possible over and under cepitdisation in various entities
within a group.

Whilgt it is logicd to diminate multiple gearing of capitd there is a case for making an
allowance for part of any excess capital (ARC-SCR) in asubsidiary.

All of the above problems can a least be partly addressed using the adjussment formula
proposed above

As mentioned above, consideration needs to be made regarding how one takes into account
the credit risk between group companies

Non-EU holdings can cause problems, for example some jurisdictions might require higher
levels of solvency capital, which means that group solvency capital is more difficult to access.

INFLUENCE OF CORPORATE STRUCTURES

Special consideration needs to be taken depending on the corporate structure
1. parent-subsidiary (or intra group cross shareholdings)

a.  Inthiscase the ownership of capital needs to be considered carefully. Whilst
there is a logic that the investment in risk capitd in a subsdiary should be
excluded from ARC in the parent, it can be argued that the investment does
have a economic value as evidenced if the subsidiary is sold to athird party

b. The position is even more difficult when a cross shareholding is involved.
Here is easy to see that an amount of illusonary capitd is generaed. For
example consder two companies with ACR of 100, and each owning 50%
of the other. In this case if the companies were merged the tota capitd
available would be only 100 and not 200.

c. Inatrue parent subsidiary relationship one aso needs to consider the fact
that moving capitd “upstream” is often more difficult than moving it
downstream. For example putting more capitd into a subsdiary is straight
forward, but paying capitd to a parent can be difficult given restrictions on
dividend payments etc

d. Cross shareholdings with non EU entities can be particularly difficult to
monitor and analyse

2. Holding company

a A holding company is often not regulated and it is possible to under
capitdise the holding company. This can for example be done by heavy
borrowing at the holding company level

b. Trander of cepitd within the group can be difficult. Examples of causes,
tax, regulatory constraints. Winding up rules giving protection to certain
classes of creditor and this may vary by country

c. The “digance” (i.e. length of ownership chan) can influence the extent to
which one can expect capital support.
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d. There can be adifference for an individua entity between its relaionship to
another entity where there is a direct “parentd” relaionship as opposed to
entities with the same parent.

3. Horizonta group

a.  Thereisno direct capital relationship and so the extent of the relationship is
not clear. In paticular, with no explicit capitd reationship, the ability to
access group capita will be wesk. And the contagion risk may be less due to
the separation although common control speaks against this.

b. If agroup sartsto experience financid difficulties in part of its operations,
it is often quite easy for entities that are hedthy to leave the group without
any pendties, which can make matters worse for the entities left (both in
teems of access to cgpitd and loss  of  reputation)
This can also arise in other group structures where the stronger components
of agroup can be sold to distance them from the weakened elements.

FRICTIONAL COSTS

There are anumber of frictional costs

1. Tax: transfer of capitd is not dways possible without incurring a tax
penalty

2. Dividend redrictions: transfer through dividends can be regtricted for
example by the regulators

3. Currency losses. there are costs involved in currency exchange and
indeed there can be restrictions of currency exchange tha need to be
considered

AGGREGATION INSURANCE, BANKING AND INVESTMENT OPERATIONS

There are a number of difficulties caused by aggregating various financia services businesses,
in particular:

1. The basic epproach in Basd 1 is top down, rather than the bottom up approach
envisaged for insurance.

2. Thetime horizons considered for banking are short in comparison with insurance.
Whilst there are good reasons for this, it makes comparisons of solvency postions
difficult

REGULATORY CONSIDERATIONS

Snce the supervision of agroup of companies will differ, some atention needs to be pad to
the effect of the supervison process on a financid group, particularly if it is operating in a
number of jurisdictions.
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1. There can be different legd and capita structures used in various markets which can
make comparisons difficult

2. Despite the efforts of EU legidators, there can be a lack of consistency in how
capital is defined

3. Theextent of information required by the regulators can vary.

4. It is unclear how the cooperation between regulators can impinge on the solvency
assessment

PRINCIPLE OF GROUP SUPERVISION

Supervision in the EU started with the solo entity and only more recently were measures on
group aspects added. Indeed the procedures are still being tuned.

The blue print for Solvency Il adopts the existing structures. However we fed tha
consderaion of how the system can recognise diversification effects a group leve and
group level models will lead to a need to reconsder the roles of group lead supervisor and
local supervisor.

A simple view would be that if a group has adequate capitd in totd and appropriate risk
management procedures the regulation of each entity can be reduced. However we recognise
that many regulators and their Finance Ministries will be uncomfortable with the reduction in
local security thisimplies. It is however alogical conclusion of the single market concept.

We note tha the Capitd Requirements Directive (Article 69) dlows Member Sates to
regulate capitd at the parent level where the group is within a single state and meets certain
conditions.

CONCLUSIONS

The following issues need to be considered:

1. Thereispotentia for diversification effects whenever blocks of business are
aggregated. In particular the economic capital for an entire group can have
material diverdfication effects compared to the sum of the congtituent
entities.

Solvency |1 should consider to what extent this economic impact can be
reflected in capital requirements...

2. Groups present additiond risk compared to solo entities but can dso bring
beneficial effects. A balanced view is needed.

3. A sysem giving credit for group level impacts will need to establish
principles to guide the assessment of intra group risk transfer and intra
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5.

group capital commitments. Principles are required rather than rules as an
exhaugtive ligt of such ingrumentsiis likely to be very complex and become
outdated.

Contagion is a vaid concern but not necessarily the same as for banking.
Many aspects ae bet dedt with through effective risk management
procedures and assurance rather than arbitrary capitd requirements. Some
such as damaged reputation leading to surrenders needs careful assessment
of the underlying technica postion such as guarantees, the mitigation
measures avalable to the entity (eg deferment or market vaue
adjustments) and what is already captured in any capital requirements driven
by discontinuance shocks.

The arangements that goply for wholly with in the EU groups need
evauation for the consequences of non EU entities as group members or
parent.

Conglomerates open the issue of aggregaion of insurance, banking and
investment operations, and non regulated entities. Particular problems
include:

a Banking tends to follow a top down approach whereas Insurance
tends to view solvency bottom up

b. Basd Il measures the time horizon for solvency purposes in terms
of days, whereas insurance has atime horizon of years (or a least
one year)





