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Abstract

In this article we will discuss actual and desiegptoperties of the Cost of Capital
Method to set the Risk Margin when valuing insugahabilities. We will show that,
particularly for liabilities with very long maturés, the Cost of Capital method fails to
satisfy a number of desirable properties, for eXantgas no upper bound related to
the Capital Requirement or the maximum value dffiliiy, and it is not invariant

under the choice of time unit.

We will then show that these issues can be resdiyagsing the Cost-of-Capital rate
as discount rate. Also we will discuss the assumngtthat need to be made to justify
the use of the Cost-of- Capital rate as the discaig.

Key words: Risk Margin, Cost of Capital, Discount Rate, Disctaadl Cash Flow,
Market Value, Fair Value

Introduction

In recent years, the Cost of Capital Method (Co&) gained popularity as a method
to determine the value of so-called ‘unhedgealsdksr Unhedgeable risks are risks
that can not be fully hedged with instruments tdhishean active market. This is the
case for various risks borne by insurers and perfsiods, such as Longevity,
Mortality, P&C, etc.

The Risk Margin according to the CoC method is galhedetermined by the
following steps:

1. Project the SCR, th8olvency Capital Requirementall future periods of risk
exposure.

2. Multiply the SCR by the Cost-of-Capital rate in kgeriod.

3. Discount the amounts calculated under (2) usingittkefree rate.

See for example [2].
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In this article we will discuss actual and desiegptoperties of the CoC method. We
will show that, particularly for liabilities withery long maturities, the CoC method
fails to satisfy a number of desirable propertiesia estimation for the market value
of an insurance liability. We will then show thhese issues can be resolved by using
the Cost-of-Capital rate as discount rate, instddte risk free rate. Also we will
discuss the assumptions that need to be madetify jhe use of the Cost- of- Capital
rate as the discount rate.

This paper is outlined as follows. Section 1 giagkeoretical outline of the CoC
method. In section 2, issues related to the usleeofisk free rate are discussed.
Section 3 sets out an approach that resolves ibases, followed by final remarks in
section 4.

1 Outline of the Cost of Capital Method

In the absence of an active market in which inscediabilities are traded, its value
can be decomposed into:

* The hedgeable liability valu#i(LV), i.e. the value that can be replicated using
tradeable financial instruments;
* The Risk Margin RM), i.e. the value of the residual unhedgeable risk.

HLV is the market value of a portfolio of traded fineh instruments that most
closely approximates the liability cash flows ihfahsible scenarios, so that the
residual risk is minimised. The Risk Margin thefieets the value of the unhedgeable
risk, that is the risk that cannot be replicatedibgncial instruments for which an
active market exists.

The sum total oHLV andRM is the market price of the liabilityVL:
MVL =HLV+ RM.

The cash flows emanating from the ags®tfolio with valueHLV are such that they
match the expected cash flows arising from thelitgbThe deviation in the cash
flow created by the unhedgeable risk has expeakd\zero in each future period.

Hence in the scenario in which the actual liabidiagh flows match expected cash
flows, RM and any investment income gained on it, will beaskd as profit and do
not need to be used to settle the liability.

By inclusion of the Risk MarginyiVL is such that it approximates the Market Value,
or Fair Value of the liability. Under IFRS, Fair Ma is defined as follows (see [6]):

‘Fair Value is the amount for which an asset could be exchanged, a liability settled, or
an equity instrument granted could be exchanged between knowledgeable, willing
parties in an arm’s length transaction’

The Solvency Il ‘Level 1’ legislation prescribesthhe Risk Margin be determined as
follows (see [2]):
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‘The risk margin should be calculated by determining the cost of
providing an amount of eligible own funds equal to the Solvency
Capital Requirements necessary to support the (re)insurance
obligations over their lifetime.’

The latter is consistent with the IFRS definitidiair Value. Under the Solvency I
approach, thavilling party assuming the liability is an investor providitgjgible

own funds’in the amount of the Solvency Capital Requiren®0R to enable the full
run-off of the liability. A further assumption ihé Solvency Il approach is that the
hedgeable liability value is indeed fully hedgedabseplicating portfolio of assets, so
thatSCRonly needs to cover unhedgeable risk

It is further assumed that tIS&CRIitself is invested at the risk free rate with nreyu
corresponding to the lifetime of the liability. Thevestor requires an additional return
on his investment, assumed to be a fixed perceralagee the risk free rate, e.g. 6%
per annum. This return is called tlo®st of capitdland is necessary to compensate
him for the risk of not (fully) receiving back tlcapital invested plus interest at the
risk free rate. We will not comment on the suitiypibf the 6%, or any choice of fixed
rate, although one may argue that this rate idixed but varies with market
conditions.

The Risk Margin at any point in time the present value of the future periodic returns
on capital to be provided to the investor. If thekRMarginwereequal tozero, then

the expected profit to the investor, apart fromestment income over tf®CR would
also equal zero. In this case, the cash flows selt&rom the replicatingsset

portfolio plus income earned on it at the risk frate, exactly cover the expected cash
flows from the liability.

If the liability cannot be fully hedged, the castwis from the replicating portfolio
augmented by the periodic Cost- of-capital rate tveSCRare considered to be the
risk free equivalent of the actual liability castm in each period. This means the
holder of the liability is at any point in time assed to be indifferent between having
to pay out the actual uncertain cash flow of theility, or the expected cash flow
plus the Cost-of -Capital rate over tRER

RM s then determined as the periodic pay-out ofGbst-of-Capital-rate over the
SCR discounted at the risk free rate:

RM= " SCRi-1) x CoCr/ [1+ ri)]' .
i=1
with: SCR(i)the projectedsCRat the beginning of periad
CoCr: required return on the SCR in excess of the risk-fate.

rs (i): risk free rate for maturity periods.

n: the number of periods until full run-off of thialbility.
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2 The Discount Rate within the Cost of Capital Metbd

We will not comment on the methods used to setefaired rate of return, the risk-
free rate or projections of future SCR. We recogtist there is a degree of
subjectivity in how these are set, and that oftedse are in fact unknown, stochastic
quantities at any future point in tifnénstead we focus on the use of the risk free rate
as the discount rate.

Given projections of futur8CRand the assumed required return by the inves®r, w
have found that using the risk free rate as theodist rate gives rise to the following
ISsues:

* The Risk Margin can exceed tBER and even the theoretical maximum
value of the liability.

* More generally, the Risk Margin does not reflee pinesent value of the
expected returns from the perspective of the irgsviding the required
capital.

* The Risk Margin is not invariant under a changéroé unit, e.g. when
switching from an annual to a monthly projectioa Risk Margin will
change.

We discuss these findings in more detail below.
2.1 The Investor’'s Perspective

Suppose that at a certain point in time, an invgstovides an amount of capital to an
insurer, sufficient to enable the insurer to ruheofiability in compliance with all
internal and external capital requirements. We refiér to this amount &CR

According to the cost of capital method, the Riskriyin RM represents the upfront
value of the compensation that would be requirefthtban investor willing to

provide this capital. By doing so, the investoregts the risk of receiving an
uncertain, residual return, after all obligatioasrtsureds are met and adequate
provisions are held. Alternatively, the investoulkebinvest in a (supposedly) risk free
asset with a similar maturity so that he would bgain to receive his investment
back in full plus interest at the appropriate ffige rate.

It is intuitively clear that the risk to the invesis no greater than the capital he
invests. He can lose no more than his investmsrtieas under no obligation to
provide additional funding at a later stage. Helmisaupfront cost of capital can not be
higher tharSCR If there is even a remote chance of receivingesonterest or part of
the invested capital back at a future date, theroftihe cost of capital at present from
his perspective is below the initially invested ambof SCR

Moreover, if the investor received a total retumhis investment of which the
present valu®kM exceede®CR then that would create an arbitrage opportuisy.
investingSCR < RMthe investor would in an efficient market be allegceiveRM

! See for example [7]
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upfront from another investor in exchange for atlufe earnings arising during the
full run-off of the liability.

Some examples in whidRM according to the CoC method, can neverthelessexce
SCRare as follows:

Example 1

Suppose th&CRremains constant over an infinitely long time kon, and the
discount rate used to determinBM is independent of the maturity. Also, assume
that no investment income is earned onSKdR This is obviously a simplified
example, and should be considered as a limiting:cas

RM =

CoCr Y SCR-1)/ (1+7)

i=1

CoCr SCRY. 1/(1+r)
i=1

CoCrSCR /r

The last equality follows from the well known equal
> 1/%- 1x-1) forx>1.
i=1
Hence if CoCr > r thenRM > SCR For example iCoCr= 6% and = 2% then the

Risk Margin equals three times the SCR.

We conclude that in this case, for the condit®Rii < SCRto hold, we must have
r > CoCr.

Furthermore, in this case it is directly clear tteggardless of the choice GbCr,the

cost of capital to the investor from en economicspective is sSimpl\sCR.The

investor provides an amount 8CRat present, none of which will ever be returned as
the capital remains in the company indefinitely andnvestment income is earned.

ForRM to be equal t&CRin this case, we must hawes CoCr.

Example 2

The assumption that tIf®CRremains constant indefinitely can be relaxedhinriext
example we assume that tBERis not constant but declines exponentially at date
perannum, hence:

SCRt) =(1d) x SCRt-1) for allt=1,2,3,....
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Now we have:

RM=

CoCr i [SCR(0) x (1-d)™ / (1+ )] =

i=1

1
1-d

CoCr SCR(0) x X i [(2-d) / @+ )]’ =

CoCr x SCR(0) xl_id x [(1-d)/(r+d)] =

CoCr x SCR(0)/(r+d)

So in this example we haveM > SCR(0)if CoCr>r + d.

For example, if=2%,d =3% andCoCr=6% thenRM = 120%x SCRO0) and
SCRO0) >SCRt) for anyt >0.

In example 1, th&M s three times greater than the liability in therst case scenario
used to determin8CR There is no upper bound to the Risk Margin linkethe
maximum coverage provided in the portfolio of rissswhichRM is held. Therefore
RM may exceed the total insured value in the podfar the chance that the actual
liability will be larger tharHLV + RM margin may be extremely remote.

A value ofHLV + RMin excess of the maximum possible loss, or adassirring
with an extremely low probability is not an adecgueflection of the ex-ante value of
the risk, except possibly where the range of oueoof the risk is extremely small.

2.2 Invariance under choice of time unit

The chosen time unit in the Cost of Capital Metisdften a single year. This is
however an arbitrary choice, as the actual risksdwe depend on the choice of time
unit for modelling or reporting purposes. Also, aiuld be able to recalculate the
Risk Margin in a consistent manner at any poiritnre and not just at an entire
multiple of the chosen unit time interval.

One may argue that a narrower time unit will yialchore accurate assessment of the
Risk Margin, as the development®CRover time can be followed more closely. We
therefore first consider the case in whiBRstays constant over the entire run-off
period, at the end of which it immediately drop®1tds an example, assume the run-
off period is ten years:

SCRt) = 100 for 0<t<10 and
SCRt) = 0 for 10<t,
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with t the number of years after determining the Riskdvhar
Further assum€oCr=6%, r=2% both per annum.

When choosing a time unit of one yeRM equals:

10 )
RM=6% >’ 100/(1.02)=53.90.

i=1

If we use a ten year time unit, we first need tovast the 6% required return and the
2% risk free rate to the equivalent rates ovenaye&ar period:

Ten year required rate = 1186- 1 = 79.08%
Ten year risk free rate = 1.52- 1 = 21.90%.

Now the Risk MargirRM equals:
RM =100 x 79.08%/(1+21.90%) = 688.
When switching to a ten year time unit, the Riskryfimincreases from 54 to 65.

More generally, as shown in appendix |, the onlgich of discount rate for which
RM s invariant under the choice of time unitns: CoCr.

The difference between the two results can be egaaas follows. By discounting
the periodic future payments to the investor atrislefree rate, it is implicitly
assumed that after receipt®M, the Risk Margin is invested in an asset yieldimg
risk free rate. The annual paymentaiCrxSCRare paid out of the accumulated
total ofRM and the investment income earned on it.

By switching to a ten year time unit, the investbooses to postpone all ten annual
payments in the amount GoCrxSCR to the equivalent amount at the end of the ten
year period. The required return is 6% per annumlewhe accumulated funds
available for to provide this return are only eagnihe risk free rate of 2%. The
shortfall must be compensated by having a higherusamofRM to start with than in
the case annual payments are made.

Assumption of Constant SCR

The assumption th&CRremains constant over a fixed period and is tleéeased at
once may seem unrealistic. However, as shown ieragp Il, any pattern of future
SCRan discrete time can be written as a linear comaam of SCRswith such as
pattern.

The graph below shows an example of a stepwiseedsitigSCRpattern, represented
as the sum of multipl8 CRprojectionsSCRPthat are all constant up to a fixed, but
different, point in time.



Considerations on the Discount Rate in the Cost @apital Method for the Risk Margin

=0 t=meax

Figure 1: decomposition of SCR into constant segsnen

The Risk Margin for angsCRpattern can also be written as a linear combinaiio
Risk Margins foISCRprojections that are each constant up to a fixedtpo time
(see also appendix II). It follows that the reqoiemtr=CoCr to achievaenvariance
under the choice of time unit, extends to any mtopa pattern of futur&CRs

2.3 Comparison with Discounted Cash Flow Methodolog

A traditional method in Corporate Finance Theorgétermine the present value of a
set of risky cash flows i®iscounted Cash Flow analysié€DCF). In DCF, future
expected cash flows are discounted by a rate taftpthe risk in those cash flows. A
riskier investment requires a higher discount rate.

In the case where we are valuing a liability, tireat application of DCF would give
counterintuitive results. A riskier liability woulgenerally generate a lower present
value as future cash outflows are discounted ajlzehrate. This is a well known
drawback of DCF methods. When valuing an investrperject with negative NPV,
increasing the discount rate can make its NPVreggtive so that the value of the
investment increases.

However, DCF can still be applied in the followiway when viewing the run-off of
a liability as an investment opportunity:

* Aninvestor accepts an insurance liability from tueo party and receives an
amount equal telLV to cover the expected cash flows arising from the
liability. He invests the entire amount in the regting portfolio with value
HLV.

* The investor immediately provides an amount of tedygqual tcSCR For
now we assume that ti®CRremains constant over the lifetime of the liakjlit
possibly until infinity. For the investo§CRrepresents a cash outflow as it
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will be held in the insurance company and he woll Imave access to it until
the liability is fully run off.

* Once the liability has been fully run-off, any ramag capital is returned to
the investor. As the DCF method projects best ed@roash flows, the full
amount ofSCRwill be returned to the investor at the end ingbenario used
for valuation.

» Assume the risk free rate for all maturities eq@al¥he rate of return required
by the investor now equaCrand no investment income is generated over
SCR An alternative scenario where the risk free s{gositive, will be
considered in the next paragraph.

First we consider the case in which the liabilgyully run-off of over a single period.
The cash flow projection from the investor’s padhtview is as follows:

t=0: -SCR
t=1: SCR
An amountSCRis invested at=0 and returned at1.

Assuming a risk free rate equal to 0, the net megalue (NPV) of this investment
under the DCF method is:

NPV=

-SCRr SCR(1+CoCr)

[-SCR x(1+CoCr) +SCR/(1+CoCr)

-SCRxCoCr /(1+CoCi).

The opposite of thBIPV represents the cost of capital. It is the presgahte of the
cash flows from the investor’'s perspective basetismequired rate of return.
Although theNPVis negative, it is decreasing, i.e. becoming nmagative, for
higher values o€oCr. The reason is that all future cash flows aretp@sithe only
negative cash flow is &0 so its present value is unaffected by the reguiate of
return.

We conclude that in this case, the upfront costapital is,CoCrxSCR discounted at,
again,CoCr. For the multi period equivalent with const&@R we can proceed in
two ways:

« Convert the one period ra@oCrinto a multi-period rate: (13oCn"-1, for
any positive value af.

* For a positive integer value of project the periodic amoun®CrxSCRand
discount them at the one period rate CoCr.

It can be verified mathematically that for positiméeger values af, both these
methods generate identical results, see appendix Il
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Finally, to allow for other patterns of ti®CRthan constant values up to a fixed point,
we can again write any pattern®CRdevelopment as a linear combination of
constantSCRsaup to separate fixed points, as shown in appelhdix

We conclude that for any projection pattern of 8@R the application of DCF to
determine the cost of capital also requires u§io@r as the discount rate if the risk
free rate equals zero.

2.4 Investment income on SCR

In the previous paragraph, we have assumed argskdite of zero. If the risk free
Is constant and greater than zero, andSGRearns the risk free rate whilst being
invested, then the required rate of return becare£oCr. Cash flow projections
are now as follows:

t=0: -SCR
t=1: SCR x (1+§)
so that under the DCF method:

NPV =

-SCRr SCR x(1+g)/(1+r¢ + CoCr)

-SCR X1+r#+CoCr-1-r;)/(1+r¢ + CoCr)
-SCRxCoCr/(1+r; + CoCi).

In this case, the required retBE&RxCoCris discounted at the rate of

r + CoCr, higher than in the previous paragraph so thatdkelting Risk Margin is
lower. Assuming; =0 therefore provides an upper bound for the Riskgdih with
regard to the actual risk free rate.

Only if the future expected retur@Cr xSCRwere risk free should the risk free
interest rate be used as discount rate to deterim@meNPV. This is however clearly
not the case, as tI®CRserves as buffer and may never be returned tmvestor.

If, on the other hand, no investment income is @dun theSCRbut a return equal to
ri+ CoCris required, the@oCr should be replaced &yoCr+ r; in bothnumerator
and denominatdn the NPV formula in paragraph 2.3, so the Riskdifawould be
somewhat higher.

Furthermore, we note thatrif>0, also the DCF method is not invariant under a
change of time unit as in that case the discourtfa CoCr> CoCr. Thisis a
violation the condition formulated in 2.2 that tiscount rate must equ@bCr to
obtain invariance under the choice of time unit.

10
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3 Derivation of SCR and RM from CoC-Method Assumptons

In the previous sections, we have shown that tbeodint rate in the CoC-method
needs to be equal ©@oCr, in order to satisfy a number of practically dakle
properties. In this section, we derive the fornfolathe Risk Margin directly from
assumptions underlying the CoC-method to arrivb@same result.

One might be inclined to think that, by discountthg future paymentSCR xCoCr
at the rateCoCr, it would be necessary to invest the Risk Margia risky asset. We
will show that this is not the case.

As before, lelSCRbe the amount of capital required to enable thererso run-off a
liability in compliance with all internal and extexl capital requirements.

The key underlying assumption we will use to deRM s the following:

SCR at any point in time is the present value @fbrst possible deviation
from the best estimate value of the liability tbah occur during its run-off.

We derive this assumption from the fact tB&tRis the capital required to support the
run-off of the risk, prior to setting the Risk MargEven if the present value of the
liability could deviate from expected by more tH8@R the possibility of such an
event is assumed not to have an impact on theNRasgin. Hence, for the ex-ante
valuation of the risk, the likelihood of an unegfel loss in excess 8ICRis deemed
negligible.

This assumption is also consistent with the Solyéhprescribed approach for the
CoC method outlined in chapter 1, which states 8@Ris the amount of own funds
‘necessary to support the (re)insurance obligatiover their lifetimé

Note that this assumption holds regardless of tathad that was used to determine
SCR It may have been calibrated at a 99,5% confidencé de/ee a single year, or a
lower confidence level over the full run-off periotithe liability. Also it may have
been based on a VaR or a TVar measure. But theriet@ed does not distinguish
between the manner in which t8B€Rwas determined in the first place, but only
ensures that a sufficieekpectedeturn ovelSCRcan be made.

Hence the starting point of the CoC-method is éxaictly the amour8CRis

available to cover unexpected losses. This woulthbease if the investor received a
return ofCoCr x SCRat the end of each period. HoweverRadis provided upfront
and forms part of the balance sheet liabilityJsbdorms part of the buffer available
to cover unexpected losses. Therefore the totébatailable to cover unexpected
losses ISCR+RM

If a loss in the amount @CR were to occur, then no further unexpected lossakl
occur according to the assumption specified abdeace, in this case the entire
buffer RM would become available to cover the loss in thelamhof SCR After that,
no Capital or Risk Margin would need to be heldhesworst case loss had already
occurred.

11
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One might argue that this assumption is not réealdsRM may show volatility due to
changes in market risk appetite or otherwise. Aldditional capital may be required
after the ‘worst case’ shock is suffered to suppwetfurther run-off of the liability.
Therefore additional prudence may be sought whitimgehe Risk Margin.

However, as shown in examples 1 and 2 of sectidor Ziabilities with very long
maturities the additional prudence that arisesrasalt of using the risk free for
discounting may be excessive. If additional prugeisdesirable, this could also be
achieved by increasingCRor CoCr. In this way, a consistent set of assumptions is
used, andRM will still have SCRas upper bound.

We will therefore continue to assume tB&R however determineds the highest
possible change in the present value of the ligbiience only an amou®CR’=
SCR-RM put up by the investor is actually at risk. Evehd still (has to) put up the
entire amount o8CRas capitglan amounRM thereof is actually not exposed to any
risk. Therefore the investor has no reason to recanything more than a risk free
return on this part of his investment.

We will now first consider the one period case ¢oivk the Risk Margin. In this case,
the liability has fully run-off after one period@all remaining funds are returned to

the investor after settlement of the liability.

Assuming a risk free interest rate=0, SCR’andRM satisfy the following equations:

SCR’+RM = SCR
RM=CoCr x SCR’.

The first equation indicates the total®€R’andRM is sufficient to the cover the
worst case loss @CR.The second equation indicates tRM needs to cover the
required return o®CR’at the time the liability has run off. As=0, the total required
rate of return i€oCr, and no investment income is earned during run-off
This set of equations has the following solution:

SCR’=SCR(1+CoCr)

RM=SCR x CoCH1+CoCl) .
RM equals th&€oCr rate ovelSCR discounted at agaioCr.
In the case that >0, the required return GoCr + r; andwe get:

SCR’+RM = SCR

RM+ SCR x f= (CoCr +ry) x SCR’.
The first equation is unchanged- the totab&fR’andRM still needs to cover the

worst case loss @CR The left part of the second equation is the taalrn
available for the investor in the expected scenagoal toRM plus investment

12
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income ovelSCRat the risk free rate. The right part of the seceqdation indicates
the return required by the investor, equaCtiCr + r; over his investmerCR.

These two equations have the following solution:

SCR’=SCR x(1+)/(1+rs + CoCr)

RM =SCR x CoCr/(1++CoCir).
For bothr;=0 andr; >0, these results are identical to the results@DCF method
shown in 2.3 and 2.4. We note that also heid,s only invariant under the choice of
time unit ifr;=0 according to the result of paragraph 2.2, aatddssuming; =0
provides an upper bound for the Risk Margin wittjarel to the choice of the risk free
raters.
The multi-period case i = 0 can again be derived by replac@gCr with its multi-
period equivalent. In cas®CRremains constant over a period of lenigthith t any
positive value, then:

CoCr = (1+CoCrJ-1, so that:

RM=

SCR x[(1+CoCn)'-1]/(1+CoCp)'

SCR %1- 1[(1+CoCr)]
t .
SCR x CoCr x> 1/(1+CoCr)’,

i=1
with the last equality for integer valuestpas shown in appendix Ill.

We can now also derive the development patte®CGR’andRM as the liability runs
off. Let RM(t’) be the Risk Margin at tim&<t andSCR’(t') =SCR RM(t’). The
amount of time outstanding untiat timet’ ist-t' so that

SCR'(t") = SCR(1+CoCn"" and
RM(t') = SCR x(1- 1[(1+CoCr)'™").

HenceSCR(t)grows exponentially witki ata rate ofCoCr per time unit, and
SCRt )+ RM(t') = SCRfor all t'<t. Note that this formula holds for all posititie
and not just for integer values.

At the end of the run-off period, whért, the investor will receive an amount
SCR’(t') = SCRin the scenario that actual liability cash flovggal best estimate cash
flows over the entire period. In this scenario hi thverefore have earned exactly the
required return o€oCr per period.

Alternatively, the investor may, under the samanade, transfer the liability to

another investor at any other titien exchange for the Risk MargitM(t’). The
‘other’ investor will then provide an amount of @apequal toSCR’(t") to the

13
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original investor. In this way, the latter will @aa return ofCoCr per period over the
period from O td’.

As before (see appendix Il), we can extend thidwowkby taking linear combinations
of SCRprojections that are all constant up to a fixeshipavhich allows us to use any
pattern ofSCRprojections.

This allows us to writ®kM for any pattern of SCR projections ovgperiods as:

RM=CoCr x>" 1/(1+CoCr} x SCR(i-1).

i=1

4 Final Remarks

The Cost of Capital method is an intuitive and ¢agjimethod to estimate the market
value of a risk. However, the use of the risk frae for discounting in the CoC
formula gives rise to a number of undesirable priogeof the Risk Margin. In
particular, the Risk Margin is not invariant undlee choice of time unit, and has no
upper bound related to the required capital omth&imum value of the risk.

A precise formulation of the assumptions underlytimg CoC method is required to
set the constants and parameters used. By asstimingaximum unexpected loss to
be equal to th&CR we have shown that the Cost of Capital rate ia@propriate rate
for discounting, and resolves the issues discugded, it was shown that the implicit
assumption of a zero risk free rate when usingibst of Capital rate as the discount
rate, provides an upper bound for the Risk Margih wegard to the actual risk free
rate.

It is evident that some of the underlying assunmgiof the method are only true by
approximation, in particular the assumption thagxpected losses are limited by the
amount ofSCR Additional prudence can be introduced by incregSICRor the Cost
of Capital rate or by lowering the discount ratewdver, for liabilities with very long
maturities, the use of the risk free rate for distong can give rise to inconsistent and
counterintuitive results, such as a Risk Margiexgess of the required capital.
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Appendix |
Let SCRt)=1fort=0,1,2,...T-1

SCRt) =0 fort=T,T+1, T+2,... for some positive integ€r.

Assuming a constant risk free rate0, the risk margiiRM is:

.

1
RM=CoCr )
t=1

_ CoCr (1+r)" -
o, [ (1+r)T]]'

1
@+’

.
This follows from the equalityz:(ﬁ)t =1- as shown in Appendix IlI
t=1

with CoCrreplaced by.

When switching to a time unit of lengih the required retur@oCrr and the risk free
raterr are:

CoCrr = (1+CoCn)' - 1
rr =(1#)'-1

and the resulting risk margRMr is:

RMy = COCI’T/(1+ rT)

_(@+CoCn' -1
@+’

First setT=2. ForRMy = RM to hold, we need to have that:

(1+CoCr)*> -1 _CoCr_(1+r)* -1
(L+r)? r (L+r)?

] ©

_ CoCr
r

(1+CoCr)* -1 [(1+r)*-1] &

r(2 CoCr+ CoCr) = CoCr(2r + r?) «

r CoCr = CoCr P~

As we have required>0, this equality only holds in the trivial ca€®Cr=0 or
r = CocCr.
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Furthermore, it is easily verified thBiMr = RM for all positive integer values afif
r = CoCr.

In the case that=0, which we have excluded so far, we have
RM =T x CoCr
RMr = (1+CoCr)'-1.

In this caseRM = RM if and only ifCoCr =0.

This proves thaRMr = RM if andonly if r= CoCr.

Appendix Il
Define
SCRIOt) = SCRt)-SCRt+1) for all t=0,1,2,...

SCRe) =lim SCR()

Then:

SCR(t): Zt’zt SCRD(t’) + SCR(D)

Define SCRR (t) with k=0,1,2,..., as:
SCRR, (t) = SCR¢0)
SCRR(t) =SCRD(k)if 0 <t<k

SCRR(t) =0 if t> k.

Then we can writ&CR(t)as:

SCR()= Y SCRR()

k=0

SCR(t)is now the sum of th8CRR(t) which are all constant up to a fixed pdirdnd
then drop to 0.

Let {SCR} be a set of projecteBCRamounts:SCR(t) ,t =0,1,2,...
Let RM; be the risk margin following fromJCR}: RM = RM; ({ SCR})

As RM is a linear function of $CRY}, it follows that:
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RM({SCR;}) = RM ({SCR}) + RM ({ SCH})
with SCRy; (t) = SCR(t) + SCR(t), t=0,1,2, ...

For any set 0SCRprojections §CR, we can writeRM as:
RM=

RM{SCR) =

RM (Y. {SCRR) =
i RM ({ SCRR)).

We conclude that also the risk mar§M can be written as the sum of risk margins
of SCRprojections that are all constant up to a fixethpo

NB if SCR(t)is increasing over any time interval, tfe@RPLjt) will become
negative for some value bbut all equations still hold.
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Appendix Il

Instead oNPV =-SCRxCoCr /(1+CoCr), we get, withSCR=1 andCoCrreplaced by
(1+ CoCn" - 1:

NPV =
-[(1+ CoCn" - 1)/(1+CoCn)" =

- [1- 1/(14CoCn" ] =

-CoCr[1/ CoCr _r 1/CoCr ] =
(1+CoCr)"

1 i 1 )
(1+CoCn)" ;(1+(:ocr)i ]

: i z : i ] =
ia (1+CoCr)' 554(1+CoCr)
n 1
“~ (1+CoCr)"

-CoCr[1/ CoCr -

-CoCr|

-CoCr

. L 1
Using the equalityy) —————=1/CoCr .
gthe equaliy. 1 cocry
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