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1 Introduction

The ‘cost of capital’ method for calculating rislangins for supervisory and general
purpose financial reporting has been suggestednoyrder of industry groups in
Europé and has been recognized as potentially approgiatee International
Association of Insurance Supervisors (IK1S3nd the International Accounting
Standards Board

In the “cost of capital approach” to setting riskngins for unpaid claim liabilities,

the risk margin is determined by measuring therretun the capital required to
protect against adverse development of those urgbaiit liabilities. It is quickly
evident that application of the cost of capital noek requires an estimate of the initial
capital to support the unpaid claim liabilities &hd required return on that capital
(the cost of capital). A number of organizatioasédnvolunteered and/or are already
doing research on those isstieShere are, however, are other important technica
issues that are less often recognized.

In this paper we present three studies that usmlagtata to derive insights regarding
those ‘less often recognised’ technical issues Wark also provides some
information about required capital levels, althotigit is not its primary purpose.
This work does not address the issue of requirstiafccapital. The explanations are
aimed a reasonably knowledgeable audience. Wenasthe audience is familiar
with standard actuarial risk-analysis terminology.

This reflects the work of the authors and not of t&ims they are associated with it.

1.1 Issues Covered by our Work

We analyse motor insurance portfolios from Austraine UK and the US, using a
different model in each case. The portfolios apenfentities of varying sizes. In
addition to the indicated initial capital levelbetissues of interest to us are the
following:

1. Release of capital — It is convenient to assumerdruired capital is
proportional to the best estimate liability, bu¢ thternational Actuarial
Association (IAA) Risk Margin Working Group (RMW@escribed good
reasons to believe that assumption may not beatdoemost general
insurance lines of business.

2. Latent claims — One special area in which requaagaital is largely or totally
unrelated to the size of the liabilities is the esyre to latent injury claims.

For example, the CFO Forum, CRO Forum, identifieGIRO Risk Margin Working Partynterim
report to GIRO September 2006, Vienna, Generalramste reserves for accounting and solvency:
incorporating provision for riskpage 64,

http://www.actuaries.org. uk/files/pdf/proceedingssg006/White.pdf

AIS, Issues arising as a result of the IASB’s Insura@oatracts Project — Phase Il, Second Set of
IAIS Observationsl June 2006, page 12,

http://www.iaisweb.org/ _temp/IAIS provides_secatmmment paper_to IASB_on Phase_Il_project.pdf

3 International Accounting Standards Bodpteliminary Views on Insurance Contracts Part 2:
Appendices2007, Appendix F, item F9, page 36-8ftp://www.iasb.co.uk/

* Committee of European Insurance and Occupatioer$iBn Supervisors (CEIOPS), IAA, and Chief
Risk Officer (CRO) Forum.

® |AA Risk Margin Working GroupMeasurement of Liabilities for Insurance Contrad@sirrent
Estimates and Risk MarginExposure Draft, February 23, 2007, page 63-64,
http://www.actuaries.org/index.cfm?lang=EN&DSP=CHE RISKMARGIN&ACT=DOCUMENTS
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3. Diversification — Actuarial practice suggests tte effect of diversification
across lines of business should reduce the risklardfore the risk margfh,
but some accounting treatments suggest that theteff diversification
should not necessarily be considered. We areessied in measuring how
much diversification is likely to reduce risk mangj if the reductions were
allowed.

4. Net, gross and outwards reinsurance (RI) liabdiissets — While the formula
Gross - Rl = Net should apply from consistent agsiions regarding the three
expected values, the same is not necessarily geefoarisk margins and
hence for provision. We are interested in exploring how this might be
handled in practice.

5. Reference Portfolio Concept — Risk margins, whetheasured by the cost of
capital method, confidence levels or many othetows, have the property
that a company writing fewer policies will haveaader risk margin (as a
percentage of the expected value) than companing/more policies, even if
the two companies write the same type of busin@éss can be awkward as
the IAIS would like similar types of portfolios,gardless of size, to have the
same percentage risk margin. To address thidAlgeand IAA have
discussed the concept of measuring risk marginsdbas the experience of a
hypothetical portfolio of an assuming company, eatihhan based on the
experience of the reporting company. The conceptreference portfolio is
also inherent in the IASB’s concept of an exit walu

6. Marginal capital requirements — As the portfoliagiii be valued as if it were
part of the reference portfolio, we consider thegimeal additional capital that
is required when the risk of the target compangmess are combined with the
risks in a larger entity.

1.2 Structure of this paper

Section 2 of the paper summarises the data, meltthgy@ssumptions and results
from our analyses.

Section 3 describes the cost of capital methodology
Sections 4, 5 and 6 describe the Australian, UKW@8dexamples in more detail.

Sections 7-11 describe the results in the arekerit injury, diversification,
reinsurance, the implications of the reference camgproncept, and alternative cost
of capital formulations.

1.3 What this paper does not do

This paper is an exploration of technical issuabéiimplementation of the cost of
capital methodology. The paper does not take asitipn on the following issues:

1. Whether cost of capital is an appropriate methoayleether it is better or
worse than other methods.

2. Appropriate rules for determination of required itapr cost of capital.

® JAA Risk Margin Working Group, page 78-79
" This issue is not unique to the cost of capitahme of determining risk margins. Any method that
determines risk margins from individual companyextpd variability is subject to this difficulty.
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3. Whether cost of capital approach can properly Iserilged as a ‘market price’
‘exit price’ or ‘fair value’ for insurance liabiigs.

4. The interaction of capital requirements and otkgulatory rules.

In our examples, unless otherwise noted, we u$é adst of capital, a 99.5% Value
at Risk (VaR) capital level and a 4% risk rate vatfiat yield curve. Those are the
levels that have typically been used to illustthteconcepts and therefore are the
values shown in the IAA RMWG Exposure Draft. We abot recommending that
those levels are necessarily appropriate. Wedismiss the use of Tail Values at
Risk (TVaR) and expected policyholder deficit (ERi3)alternative risk measures.

We show results from our models to illustrate vasitssues. None of the results are
intended for actual use by companies in practi@ther research might change some
of our conclusions.

1.4 Our Worksheets

Further details of our work are available in spetmts that can be provided on “as-
is” and “at your own risk” basis by contacting asfythe authors.
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2 Summary of Data, Methods, Assumptions and
Results

In this section we first show the data and metlajdsk analysis that we used for our
three analyses. We then summarise some of themoaierical and qualitative
results.

2.1 The data, methods and assumptions

2.1.1 Data
Table 2-1 below compares the data used in eachraheee analyses.
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2.2 Results
Some of our main quantitative results are summaragéds 2-5 to 2-14 below.

The issues we consider are the following:

Basic cost of capital results

The rate at which capital is released (“shape”)
Effects of reinsurance

Size of reporting company

“Marginal” capital — Implications for reference coany
Parameter risk

Value at Risk vs. Tail Value at Risk

Shock claims and latent injury claims

Alternative cost of capital formulas

Unless otherwise indicated our starting points arfelbsvs:

Australian experience with unlimited policy coverag of unlimited excess of
loss (XoL) reinsurance attaching at 2.5m AUD (indexed) )

US experience with $1 m USD policy limits
UK experience with unlimited policy coverage grosseafisurance

Capital means capital at 99.5% VaR levels of discalintémate claims above
the mean discounted reserves with respect to runséffar the sample line of
business with no diversification. No other risks emasidered, e.g., no capital for
asset risk, operational risk, etc.

The cost of capital is assumed to equal 6% per yeadition to a risk free rate
of 4% per year) and the cost of capital methodolediie one illustrated in Table
3-2.

Risk margin is expressed as a percentage of discouorgad reserves.

For each country the models are as described in the@mie sections of the report and
summarised in Tables 2-1 to 2-4 above.

2.2.1 Cost of Capital by Model

Table 2-5 below summarises the base case cost ¢dilcagk margins for each of the
three models and some comparative risk measures.
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Table 2-5--Capital, Cost of Capital, Percentile and Amount of Interest Discount
1 2 3 4 5
Risk Margin Percentile Interest discount

Country Capital Cost of Capital Equivalent (4% p.a.)
Aus 28.8% 4.6% 68% 10.8%"°
UK 15.1% 2.2% 67% 6.2%
us 23.2% 4.3% 65% 7.0%
(2) At 99.5% VaR
(5) Undiscounted Reserve/Discounted Reserve -100%;

For our three models the cost of capital risk margange from 2% to 5%. These are
less than the interest discounts of 7% to 11% whielsametimes viewed as the risk
margins in jurisdictions that present liabilities @mundiscounted basis. These are also
less than the 75%-ile used as the confidence lavelistralia’*

The UK results were based on a very large datargethe risk margin is relatively low
because the development patterns were very staldeavhot be certain whether or not
the lower UK levels are “real’ because of the laglgéa set, due the choice of
bootstrapping vs. collective modelling or due to detaithenDFM method used in
bootstrapping. Supporting the theory that the UK risk masgdue in part, at least, to
the size of the portfolio, we observe (Table 2-9) thatrisk margin for the US model is
3.1% for a company of $500m. Table 2-5 results appéysmgle line of business. If
diversification were considered in the calculatodrtost of capital risk margins, as seems
theoretically proper, then the cost of capital nskrgins would be lower. The percentile
level corresponding to the cost of capital risk maxgould also be lower. The discount
would not change.

On the other hand, the above does not include proMsioregulatory minimum capital
requirements or for capital related to shock or latgary claims. Any such
consideration would increase the cost of capital ancepéte risk margins.

2.2.2 Variations in Capital Ratio by Year of Run-of f

One issue this paper proposed to examine was the leorattb of capital to liability
changes by age of claim. With each of our models wasared this in two ways.

Firstly, as shown in Chart 2-6 we calculated theratirequired capital to discounted
liability by age of runoff. In most cases, as veel lexpected, the ratio increases
significantly with age.

19 This value is not quite comparable to the other valudseaisiterest discount was determined with gross
policy limit payments.
1 Australia confidence level is applied on an entity bastgerahan line of business basis.
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Chart 2-6--Capital+Discounted Liability by Run-off Year
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The effect is very strong in the US and UK modelscdBese the effect is so strong we
used a log-scale for the change in capital to ligbilit

The effect is smaller in the Australian model. Effect was so small on claims limited
to 2.5mk AUD that we also looked at unlimited grossst#alian claims. In that case the
effect was more significant, although still smalleairt in the US and UK models. We
discuss this further in section 2.2.7 where we canditke effect of different inflation
models on the Australian data.

We also measure the effect of the ‘shape’ of tipatakrelease by considering how the
cost of capital risk margin varies depending on whetmeiactual shape is used or
whether we assume that the capital to liabilityor@&iconstant. Table 2-7 shows the
results of that calculation. The effect of thergipain shape is apparent in the risk
margin even for the Australian net experience whisgeeffect was not particularly
visible in Chart 2-6.

Table 2-7—Affect of variation of capital by age of clan

Cost of Capital Risk
Margins
Capital
Country RéFl)tiO
Capital Ratio Varies by
Constant Age
Aus-2.5m 4.0% 4.6%
Aus-unlimited 5.2% 7.2%
UK 1.5% 2.2%
us 3.1% 4.3%
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2.2.3 Reinsurance

The Australian model provided the most data regarthe effect of reinsurance on risk
margins. Table 2-8 below shows the net, ceded ars$ gisk margins by layer and also
the risk margin for liabilities on an unlimited basis

Table 2-8—Net, Ceded and Direct Risk Margins
Australian Model

Risk Margins % Liability-Net and Ceded
Attachment
(000 AUD) Net | Ceded | Average | Unlimited PboNet %Ceded | %Total
10,000 | 5.5% | 89.4% 8.7% 7.2% | 96% 4% 100%
5,000 | 5.0% | 49.1% 8.5% 7.2% | 92% 8% 100%
2,500 | 4.6% | 29.7% 8.1% 7.2% | 86% 14% 100%
1,000 | 3.9% | 18.2% 7.7% 7.2% | 73% 27% 100%
500 | 3.3% | 14.1% 7.5% 7.2% | 61% 39% 100%
250 | 2.7% | 11.6% 7.4% 7.2% | 48% 52% 100%
100 | 2.0% 9.6% 7.3% 7.2% | 31% 69% 100%
50 | 1.5% 8.7% 7.2% 7.2% | 21% 79% 100%

As expected, for net liabilities the risk marginasver for lower attachment points. For
ceded liabilities, the risk margin is higher for highgtachment points. Also, as
expected, the weighted average of the net and cekechargins is greater than or equal
to risk margin for the direct or “unlimited” businesisastly, as expected, the difference
between the average risk margin and the risk maagithe unlimited business increases
as the attachment rises.

Thus if risk margins were determined from the repgrtompany perspective, then gross
risk margins will not equal the sum of net plus cedskimargins. This is a problem for
financial reporting purposes.

Evaluating ceded risk margins from the reporting companggective may not be
appropriate as the assuming reinsurer has pooled thésether business, and has a
lower risk margin than the reporting company. The weijlaverage of the ceded risk
margin from the reinsurer's perspective and the netrrégigin ratio from the reporting
company perspective will lower than the average ftereporting company
perspective. In fact, this weighted average risk margurld be lower than the gross risk
margin from the reporting company perspective. Thghinalso be a difficulty for
financial reporting purposes.

To be sure that gross = net + ceded for risk marginsaegd to measure the risk margins
using a carefully thought through, albeit somewhhitary, reference portfolio or
portfolios. Consistency between reporting compan@slavbe achieved only through
some regulatory or other mandated reference point.

The adverse financial reporting effects could be aratied by calculating the gross and
net risk margins and establishing the ceded risk magthe difference. While the
ceded risk margin measured in that way would no¢cethe reporting company risk for
ceded business, it would not distort the reporting comgargk margins on gross and
net business.
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2.2.4 Size of Company and More on Reinsurance

Table 2-9 shows how the cost of capital risk margmegaby size of company and
reinsurance level for the US example.

Table 2-9 Risk Margins by Company Size and Reinsurare

US Model
Im
Layer 0-500 500-500 Average Average
Size (USD m)
25 4.7% 11.8% 5.8% 5.3%
50 3.9% 8.6% 4.6% 4.3%
100 3.5% 6.5% 3.9% 3.7%
250 3.1% 4.9% 3.4% 3.3%
500 3.0% 4.3% 3.2% 3.1%

As expected the risk margin decreases as the sizeasgnmcreases. This applies for a
basic ground up 500k layer, for 500x500 layer and for botétls 1m layer.

As with the Australian example in Table 2-8, the ns&rgin for the direct 1m layer is
less than the average of the risk margins for the 0-5@0 &nd the 500x500 layer.

2.2.5 Marginal Capital

In section 10, we note that a significant unresolvedeasn the use of the cost of capital
approach is whether the risk is to be measured frorparspective of the reporting
company or from the perspective a reference company.

A simplified treatment of the reference company wdddo measure the marginal risk
associated with merging the reporting company experietcehat of a company
identical to the reporting company but large enoigl the variability in runoff results is
as small as practical. Therefore in the Australid @S examples, we have measured
marginal capital and related risk margins as welkasdsalone amounts.

Table 2-10 shows the risk margins for various size tefgpcompanies for gross 1m
policy limits and for the excess 500x500 layer alonee fBlble also shows the risk
margins based on the marginal additional capital reduor a larger reference company
(500m USD premium) to assume the risk from the repodimgpany.

Table 2-10 Risk Margins
Marginal Capital vs. Stand-Alone Capital

US Model
1m Layer 500x500 Layer
Size Stand- Stand-
Alone Marginal Alone Marginal
25 5.3% 1.5% 11.8% 1.9%
50 4.3% 1.6% 8.6% 1.8%
100 3.7% 1.6% 6.5% 1.8%
250 3.3% 1.8% 4.9% 1.8%
500 3.1% 2.0% 4.3% 1.9%
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Marginal risk margins by size of company are reldyie®nstant by size of company,
even for the excess layer where stand-alone rigigimsavary substantially by size of
company.

The marginal risk margins increase as the size of aogpvhich might not be expected
at first thought. However, this follows becauseassume that the reporting company
and reference company results are independent.atrcdlse, the addition of small
amounts of reporting company business requires vewy dititlitional capital. As the
reporting company size increases, the marginal capiairements begin to equal to
average capital requirements for the reference caypa

If the reporting company and reference company busimess assumed to be 100%
correlated, the marginal capital would equal therezfee company capital and the
reporting company risk margin would equal the referenogpamy risk margin,
regardless of the size of the reporting company.

We also observe that a margin based on the marginéhkceggjuirement capital might be
unrealistically low. It might be more appropriate g2 uhe reference company total risk
margin.

Table 2-11 below shows the standalone and margimasigins for a 2100m AUD
reporting company and a 1000m AUD reference company, iaugaretentions. As
expected, the variations in risk margin by retentiomless for marginal risk margins
than for stand-alone risk margins.

Table 2-11 Risk Margins
Marginal Capital vs. Stand-Alone Capital
Australian Model

Stand
Retention Alone Marginal
25,000 1.2% 1.0%
50,000 1.7% 1.4%
100,000 2.2% 1.9%
250,000 3.1% 2.6%
500,000 3.8% 3.1%
1,000,000 4.6% 3.7%
2,500,000 5.9% 4.4%
5,000,000 7.2% 4.6%
10,000,000 8.6% 5.1%
Unlimited 12.7% 5.7%

2.2.6 Parameter Risk

In the Australia model, parameter risk is contailadely in the inflation component of
the model. The extent to which this inflation compdradfects risk margins can be seen
in the Table 2-12 below.
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Table 2-12—Factors driving parameter risk (Australia)
Inflation Risk-Random Model # Cost of Capital Cost of Capital
around base-line as follows | (Per Table | Risk Margin - 250k Risk Margin —
4-2) retention*? unlimited retention

Constant trend 0 Na 5.8%
Mean reverting trend-1 1 2.2% 6.2%
Mean reverting trend-2 2 2.4% 6.7%
Random walk-1 3 2.5% 7.1%
Random walk-2 4 2.7% 7.2%
Random walk-3 5 3.6% 9.0%
Random walk-4 6 7.0% 32.6%

We tested whether the release of capital would beeslas the risk in the trend
increased. Interestingly, the rate which capital caneteased did not change with the
inflation rate. The change in risk with inflationpsgars to have similar affects at all ages.

2.2.7 Value at Risk (VaR) vs. Tail Value at Risk (T VaR)

While discussions of capital requirements are uglnabed on confidence levels, often
referred to as Value at Risk levels (VaR). Taild&aht Risk (TVaR) levels, are
statistically sound alternatives with certain dddiegroperties.

For each of our models we calculated risk margins base@omore combinations of
VaR and TVaR. Table 2-13 shows the risk margins #silt.

Table 2-13 — Affect of VaR and TVaR at varying levels

Capital At: Aus UK us
VaR 99.0% 4.0%
VaR 99.50 4.6% 2.2% 4.3%
VaR 99.90 5.0%
VaR 99.95 5.5%
TVaR 99.00% 4.7% 4.5%
TVaR 99.50% 5.1% 2.4%

From the table we can see that, as usually suggekeedsk margins from a VaR of
99.5% are similar to the risk margin from a TVaR 0f098. Equivalence between other
VaR and TVaR levels could be constructed.

While not visible in this table, the VaR values fatelr periods in the runoff can fall
below the mean value, creating negative capital rements. This can occur because
the runoff risk distributions become increasing skeswhe runoff proceeds. In our
calculations we retained the negative risk margiagha relative amount of liabilities
remaining at those points was so small that the ragulisk margin was not distorted.
This would be avoided by using a TVaR throughout ot Waiss theoretical nicety,
establishing a minimum capital level (e.g., somethingentiban two standard deviations)
above the mean.

12 250k retention shown in Table 2-13 because we did not analyzssthésfor 2.5m retention.
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2.2.8 Shock and Latent Claims

In section 7 we show sensitivity tests that leatbusbserve that extreme events are a
material consideration in the determination of nskrgins. A relatively small shock
(measured against premium) can produce a noticebatege in risk margin (measured
against risk margins). We show how a shock potentiahkto 0.25% of premium per
year can produce an increase in risk margin in exces30basis points.

As shock events are not reflected in the data, trenpeters will likely need to be
judgmental.

2.2.9 Comparison of Cost of Capital and Percentile ~ Approaches

While the scope of our project did not include an assessof the different approaches,
as a result of our work we have the following observation

1. The cost of capital method is ‘practical’ in thexse that the same types of
analysis that would be needed to produce percentile asgins can be used to
produce cost of capital results.

2. Cost of Capital method is conceptually closer tib wdue in theory than
percentiles.
3. However, the Cost of Capital method is, on balanagerdifficult to apply than

percentiles because:

a. It requires measurement of capital at each rundf esgher than just the
capital currently required.

b. Itis more sensitive to tail events than the perteatpproach.

4. There is no agreed ‘correct’ percentile level fog tisk margin. We observe that
the results of the cost of capital methods, ing¢leemples are in the 6065
percentile reserve levels which are low comparetied’8 percentile minimum
standard used in Australia.

Increasing the cost of capital from 6% to higher am®wmuld increase the Cost
of Capital risk margin, perhaps to thé"#%ercentile level or higher.

2.2.10 Minimum Capital Requirements and Cost of Cap ital
Formulas

A test for asset adequacy could be formulated theraeways. Two of these are as
follows:
Test 1 -consistent with the way we calculate capitéhis paper

* Determine an asset level such that there is acgeriti probability (e.g., 99.5%)
that the claim payouts will not exceed assets.

» Divide those assets into three parts:
a. discounted mean,

b. arisk margin calculated from the Capital Cash HH®&F) formula
described in Section 11, and
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c. capital equal to the total assets minus ((a)+(b))
Test 2 — consistent with the way the Swiss Solverest Works

» Capital is determined so that at any time during theffuhere is a sufficient
probability (e.g., 99.5%) that assets are sufficierdaver best estimate reserves
and risk margins

» The risk margin is separately determined from the 8®Tula used in Section 3.

» Determining the get risk margin may require iteragrcapital depends on risk
margin and risk margin depends on capital.

Test 2 requires more total assets than Test 1 foraeeasons. Firstly, in Test 2 capital
needs to be sufficient to assure that assets ecskemargins as well as discounted
liabilities during the course of the runoff. SecondtyTest 2 the capital needs to be
sufficient to cover the risk that reserves ovetesthe ultimate payout and create a ‘false’
projection of failure.

Test 1, however, is the way that UK ICAS calculasioend to work.

Neither Test 1 nor Test 2 fully considers the reatldi Most jurisdictions have other
minimum capital requirements and restrictions on éhease of capital to shareholders.
Also, rather than simply satisfy, say, 99.5% VaReldasn ultimate claim payments, in
practice, an insurer must maintain a reasonableedegf assurance that it will meet
statutory requirements and will be allowed to corginperating. That is, it needs to hold

* Reserves (i.e. an estimate of the expected valnembering that reserves might
be higher or lower than the actual ultimate); plus

* arisk margin; plus
* regulatory minimum capital or other rules that migbtbeyond Test 1 or Test 2;

* additional capital to ensure a good probability of stajusolvency and an
appropriate financial rating

Finally, as a general matter the risks to be consdlan assessing solvency include asset,
credit and operational risks that are not reflectethe claim runoff. The degree to

which those risks need to be considered in theafasdpital risk margin is not fully
resolved.

It is beyond our scope to determine how to address dudigonal issues.

As a practical matter we did our analyses on the gstsoimthat required capital is based
on Test 1, but we used the SST cost of capital faxrad if we had determined capital
based on Test 2.

Section 11 shows that if we had applied Test 1 logrsistently we have obtained
slightly lower risk margins, e.g., 4.6 vs. 4.0% for #estralian model. The hybrid
approach, though, may have produced results closende that would have been
obtained from considering Test 2 and the other cagitatjuacy issues.
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3

Cost of Capital Method

The cost of capital methodology as illustrated in$kess Solvency Tektand the
Committee of European Insurance and Occupational ®eBsipervisors (CEIOPS) QIS-
3" material is as shown in Table 3-1 below.

Table 3-1- Cost of Capital Method --Fixed % Capital Required

1 2 3 4 5 6 7 8
Req'd Cash Flow -
Capital Req'd Cost of Risk Risk Confirm

Year Liability % Capital | Capital | Margin | Margin | Margin
0 100 70% 70 4.2 20.6 20.6% -70.0
1 89.0 70% 62 3.7 17.2 19.4% 14.7
2 77.0 70% 54 3.2 14.2 18.4% 14.6
3 66.0 70% 46 2.8 11.5 17.5% 13.1
4 54.0 70% 38 2.3 9.2 17.1% 13.0
5 43.0 70% 30 1.8 7.3 17.0% 11.5
6 37.0 70% 26 1.6 5.8 15.7% 7.2
7 31.0 70% 22 1.3 4.5 14.4% 6.8
8 26.0 70% 18 1.1 3.3 12.9% 5.7
9 20.0 70% 14 0.8 24 12.0% 6.0
10 14.0 70% 10 0.6 1.6 11.8% 5.6
11 11.0 70% 8 0.5 1.1 10.2% 3.1
12 9.0 70% 6 0.4 0.7 7.9% 2.2
13 6.0 70% 4 0.3 0.4 6.0% 2.7
14 3.0 70% 2 0.1 0.1 4.0% 25
15 - 70% 2.3
Tot 100.0 70% IRR=10.0%

Notes

2 | Selected

3 | Assumed

41 =2*@)

5 | =(A)*(4)

6 | NPV of upward sum of column (5); NPV at rate=B

7 | =(6)/(2)

8 | (4)-(year n minus year n+1) + (6)-(year n minus year n+1) + (B) * ((4)+(6))

A | Cost of Capital 6.0%

B | Risk Free Rate 4.0%

¥Swiss Federal Office of Private InsurafE©P!I), The Swiss Experience with Market Consistent
Technical Provisions - the Cost of Capital Approaz® March 2006,
http://www.cea.assur.org/cea/v2.0/uk/solvency/solvdocs/SSissSastofCapital _20060328%5B1%5D. pdf
14 committee of European Insurance and Occupational Pension Sopgi®1S3, Technical
Specifications, Part [I: BACKGROUND INFORMATIOARril 2007, page 5-7,
http://www.ceiops.org/media/files/consultations/QIS/QISS&X echnical SpecificationsPart2.PDF
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This calculation assumes the following:

1. Initial capital (e.g., 70%) and cost of capital (68&ye been determined by some
means; in the case of CEIOPS and SST, by the insusapesvisors.

2. Capital decreases in proportion to the discounted B@stae of the liability. This is
discussed further below.

3. The method could be applied equally to liabilities grosnet of reinsurance.
4. Each line of business is analyzed separately.

5. The capital required in column (4) is the amount nexgliin addition to the risk
margin in column (6), and the cash flows in columnr@lect the release of both
capital and risk margin. This is discussed furtheowel

With those assumptions the indicated risk margthetvaluation date is 20.6% of the
best estimate discounted unpaid claims at time zbeov@luation date).

Assumption 2-Discussion

Assumption 2, the assumption that future capitatineég a constant percentage of the
current estimate may not be appropriate. In partictida many property & casualty
claim liabilities two factors make it likely thatetprobability distribution function for
“late claims” would have a higher coefficient of vaioa and skewness than would the
probability distribution function of the entire s#tclaims. First, the late settled claims
are different than early settled claims, e.g.,dargubject to more disputes and more
variability. Second, late settled claims will benma subject to uncertain economic
effects, e.g., inflation, social inflation, and jaiil activity, which increase the
uncertainty in the estimate.

Consider, for sake of illustration, that the reqdicapital as a percentage of liability
(present value of the best estimate of future claayments) increases smoothly at 10% a
year. The analysis from Table 2-1 can be repeateathaunging column (3) from a
constant 70% of liabilities to an increasing percgataf liabilities as shown below in
Table 3-2.

21 7 September 2007



Table 3-2— Cost of Capital Method--Varying % Capital Reqiired
1 2 3 4 5 6 7 8
Req'd Req'd Cost of Risk Risk Confirm
Year Liability | Capital % | Capital Capital Margin Margin Margin

0 100 70% 70.0 4.2 29.7 29.7% -70.0
1 89 77% 68.5 4.1 26.7 30.0% 8.5
2 77 85% 65.2 3.9 23.7 30.7% 10.2
3 66 93% 61.5 3.7 20.7 31.4% 10.2
4 54 102% 55.3 3.3 17.8 33.0% 12.3
5 43 113% 48.5 2.9 15.2 35.4% 12.4
6 37 124% 45,9 2.8 12.9 35.0% 7.4
7 31 136% 42.3 2.5 10.7 34.5% 8.2
8 26 150% 39.0 2.3 8.6 33.0% 7.5
9 20 165% 33.0 2.0 6.6 33.0% 9.9
10 14 182% 25.4 1.5 4.9 34.8% 10.9
11 11 200% 22.0 1.3 3.5 32.2% 6.0
12 9 220% 19.8 1.2 2.4 26.3% 4.4
13 6 242% 14.5 0.9 1.3 21.3% 7.2
14 3 266% 8.0 0.5 0.5 15.3% 8.0
15 0 292% 0.0 0.0 0.0 8.8
16

IRR 10.0%

For this illustration, corresponding to a line of besim with a long duration of payments,
the change in risk margin is significant, from 20.6% t&2Q.

Assumption 5-Discussion

Assumption 5 states that the capital required inrool (4) is the amount required in
addition to the risk margin in column (6), and thsltflows in column (8) reflect the
release of both capital and risk margin.

This assumption follows from a view that capitailie amount required to provide
sufficient confidence that assets will be suffitiBncover both the expected value of
unpaid claims and the risk margin. In section 2.2&Qalled this Test 2.

The models we develop in this paper, typical of modséd for general insurance
purposes, measure the amount of capital required toeaibgi assets are sufficient to
cover only unpaid claim obligations over the periaguieed to settle the claims. We
called this Test 1 in section 2.2.10. We have useddisel capital ratio as it were the
capital ratio that could be applied to unpaid claius pisk margin measured over any
time period.

We believe our approach is sufficient for purposes«pfaging a number of important
issues. A more complete analysis would need to densiot only the runoff risk (as we
have), but other issues described in Section 2.2.10.
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4 Australia — Third Party Bodily Injury Liability —
Collective Risk Model

4.1 Background

Compulsory Third Party (CTP) insurance in Austradia istand-alone product that
provides cover against bodily injury (including psyclypdal trauma) in motor vehicle
accidents. In most states the at-fault driver iswede@tl. CTP insurance is a condition of
registration. Unregistered or untraceable vehiclesreasured under a Nominal Defendant
scheme, funded out of insured premiums.

In New South Wales (NSW), CTP insurance became commuils 1942 and has
operated under five regimes, four of which are siktvant to open claims.

. For accidents up to 30 June 1987, claims are subject torth@inciples of
common law, with only limited legislative constresninitially there were
competing insurers but most were squeezed out by prenoatrols. For all intents
and purposes, the Government Insurance Office of NGV ifshoot of the NSW
Treasury) was the monopoly insurer well before 1980. V\Biéhwas privatized
and floated, this business was not included.

. From 1 July 1987 to 30 June 1989, statutory benefits weked@d under the
TransCover scheme for accidents from 1 July 1987.drogided limited lump
sums for pain and suffering, with most benefits @a@dnd when needed.

. Upon a change in government, TransCover was rep€aledhitio”, with effect
from 1 July 1989. Claimants had the option of continwing ransCover benefits
or reverting to common law. Almost all switched atidemaining TransCover
claims were finalised within a couple of years. WHhile temaining claims are
nominally indistinguishable from older claims, theubsequent experience is
clearly different.

. At the same time, new accidents came under the NMatoidents Act, which
provided basically common law benefits, subject tarage of restrictions and caps.
Initially, claims were randomly allocated betweesurers and premiums were set
by the government.

. From 1 July 1991, the market was opened to competiti@mgnmsurers licensed
under the Act on a file and write basis for premiymish limited scope for
variation around a fixed set of relativities, appliedhie base premium set by each
insurer. Different marketing, proving and underwritstgategies quickly led to
dramatic differences between different insurers’egignce remain. There has also
been some fine (and not so fine) tuning of the prorsof the Act affecting
benefits.

With the exception of the TransCover period, a smathiner of structured settlements
and some claims shared across jurisdiction boundglaf@ms are mostly settled by
payment of a lump sum. While there are some advpagments and some delays, while
legal costs on court settlements are negotiatedyulkeof the cost is typically paid close
to the time of finalisation.
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4.2 Base Model

We useNSWCTP data from about 1993 to about 2003, with claims fromrdsafk as
the early 1950s to create a plausible generic modal iemp sum liability class, rather
than a definitive model of a real portfolio. Becaoféhe scheme changes, it is not
possible to simply fit model parameters to the abelalata. Rather, the model adopted
is a composite, generated by rescaling the four subkdtta, so that they more or less
coincide in the areas where they overlap.

The fitted parameters are:

. rates of finalisation, by development quarter;

. percentage of trivial claims;

. average amount of trivial claims;

. amounts of non-trivial claims, by development quarter;

. claim cost inflation, incorporating both wage and suppased inflation.

Model Parameters
16
14 Finalisation
Rate%
12
In(mean)
10
8 o mu
6 .
—sigma
4 -
2 |
O\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1 17 33 49 65 81 97 113 129 145 161 177
quarter

In addition, the model incorporates a discount rate hwisi@also used as the economic
inflation rate for reinsurance indexation, wherelmaple.
The non-trivial claim amount parameters incorporai fitted stochastic features.

. For each claim within each simulation, the claim amasia log-normal variable.
The log-normal mu and sigma parameters are functbdsvelopment quarter.

. For each finalisation quarter within each simulatitwe, log-normal mu parameters
for all claims finalized in that quarter are subjeca common random adjustment.

The fitted rates of finalisation and trivial clairage also applied stochastically, as
percentages. This adds a limited degree of systesmiation.
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4.3 Projections

We prepared a number of groups of projections, exmgatifierent aspects and

incorporating different stochastic features. Each ptme comprises 10,000 simulations

of a starting portfolio comprising a number of claimeach development age. The

present values of the claim costs for each staagegare summed within each simulation

and sorted across simulations to allow the calanatif the following statistics for each

starting age:

. expected value or mean;

. standard deviation;

. VaRx — the value for which x% of outcomes are smaliet (100-x)% are larger
(Value at Risk);

. TVaRx — the average of the (100-x)% of largest outcoffias Value at Risk, also
called CTE, Conditional Tail Expectation);

. EPDx — the average, across all outcomes, of the fjegative) excess over VaRx
(Expected Policyholder Deficit).

VaR75 is the basis for regulatory provisions in Aalga. VaRx for suitably high values
of x (typically 99.5%) is proposed as a regulatory miummcapital requirement in a
number of jurisdictions.

TVaR is a little harder to assess, as it requires leuye of the shape of the distribution
past VaR, but has certain superior theoretical praserin particular, it cannot, as can
happen for VaR with extremely skew distributions,delow the expected value.

EPD is the portion of the liability that would not bevered by assets related to reserves
or capital when capital is set at the VaRx Ievel.

Cash flows are discounted at 1.5% per quarter, tafeedustralian interest rates, and
VaR and TVaR confidence levels calculated from tisealinted cash flows. The cost of
capital calculations are prepared with 4% risk fise to be consistent with the US and
UK results and to reflect global risk free inteneges.

4.3.1 Portfolios

The different projections can be grouped on the bdslsecstarting portfolio, additional
stochastic features and reinsurance retentions.

The projections use either a (i) base portfolio @lare., a stand-alone portfolio or (ii) a
base portfolio and a supplementary portfolio. The laaskesupplementary portfolios may
comprise a mature (ongoing) portfolio of claims, the-off of such a portfolio, or
cohorts of claims of equal value at each quartertgiion.

The mature portfolio is generated by deterministic iagppbn of the finalisation rates to a
constant flow of new claims. Because this proceserates fractional numbers, these are
rounded and a calibration factor applied in the ptamacafter the simulation stage.
Calibration factors are also applied in the extreailewhere a minimum number of
claims at each development age is applied.

> The EPD can also be viewed as the expected cost of detaatisnsolvency fund or as the reduction in
reserves that would be applied if liabilities were ftect the credit standing of the reporting company.
This paper does not address the “own credit standing” issue.
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Where a minimum number of claims is applied, thidarstates the independent variation
in this part of the projection. These cells are neguito complete the expected value of
the base portfolio in Portfolios A and F (defineddvel but are not presented in the
graphs.

The equal value portfolio comprises the number ohwdaiequired at each development
age, to give a present value, for that age, of 1tefotal present value of the mature
portfolio.

Claim Portfolios

10,000
1,000 A
—_— = Mature
100 — 1%

\ Cohorts
10

\

1 T T T T T T T T

1 9 17 25 33 41 49 57 65
quarter

When a supplementary portfolio is used, the staisvaR, TVaR and EPD) are
determined for the base portfolio on its own andHerbase portfolio plus each element
of the supplementary portfolio. Subtracting the base gmrtfalues gives the marginal
additional values, when a cohort of claims is addexhtongoing portfolio.

We considered a variety of cases, set out in Table=érlhistorical reasons, these are not
labelled in the natural order.
Table 4.1- Definition of Portfolios

Case| Base Supplementary Reinsurance

D Run-off of mature portfolio None without
(%5 billion starting value)

E Run-off of mature portfolio | None With
(%5 hillion starting value)

F Ongoing mature portfolio Run-off of mature portfolio with and
($5 billion) ($500 million starting value) | without

B Cohorts of equal value None with and
($100 million at each without
development quarter)

A Ongoing mature portfolio ($5| Cohorts of equal value with and
billion) ($200 million at each without

development quarter)
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4.3.2 Systemic Variation

Additional systemic variation is introduced by addingh#stic features to the claim

inflation rate. These are summarised in Table 4.2.
Table 4.2- Inflation Models

Case

0 The inflation factors in each quarter vary (sigm&l$6) around a constant trend
of a little under 4.5% per annum (the base level).

1 The inflation factors in each quarter vary (sigm&l$6) around a constant trend
that varies (sigma = 0.25%), between simulations, arthenbase level.

2 The inflation factors in each quarter vary (sigm&l$6) around a constant trend
that varies (sigma = 0.5%), between simulations, artmthase level.

3 The inflation factors in each quarter vary (sigm&l$6) around a variable trend

that follows a random walk (sigma = 1%) within eaghulation around a trend
that has a variable (sigma = 0.5%) starting levelyad the base level.

4 The inflation factors in each quarter vary (sigm#l&o) around a variable trend
that follows a random walk (sigma = 2%) within eaghulation around a trend
that has a variable (sigma = 0.5%) starting levelyad the base level.

5 The inflation factors in each quarter vary (sigml$6) around a variable trend
that follows a random walk (sigma = 5%) within eaahulation around the base.
6 The inflation factors in each quarter vary (sigm&l$6) around a variable trend

that follows a random walk (sigma = 2.5%) within eathulation around a trend
that has a variable (sigma = 2.5%) starting levelyad the base.

As claim inflation for NSW CTP has been highly erraind is partially subject to

political influences, it is difficult to assess whsk reasonable level of variability. Case O
reflects actual quarter to quarter variation in agerelaim sizes around the short-term
trends. Cases 1 and 2 probably understate the Jagiabithe rate. Cases 3 and 4 are
possibly plausible as to the level of variability.s€al is used as the default in the
following figures. Cases 5 to 6 are intended to incatma high level of systemic
variation, to better show how systemic variation daminate independent variation.

4.4 Results

The projection results are presented in detailna@ber of spreadsheets which are
available from the authors. The following figures aelected to illustrate particular
points.
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4.4.1 Stand-alone Run-off of a Mature Portfolio

The following graph shows how the expected valud,\#R for selected probabilities of
adequacy, run off when a $5 billion mature portfadioun off.

VaR

—Mean

—75.00%
=—90.00%
—05.00%
=—09.00%
—099.50%

quarter

Because this graph is dominated by the reducing eegpeetiue, as the portfolio runs off,
it is difficult to discern patterns in the relatidms of VaR to the expected value. To show
these, it is necessary to show VaR as a percentdabe expected liability, as in the
following graph.

VaR % of Expected Value

700% -
600% ——60.00%
500% - —75.00%
400% A ——90.00%
200% - ——95.00%

? ——99.00%
100% -

0%
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quarter

This shows that, at higher adequacy levels, VaRpes@entage of expected value rises
strongly as a stand-alone portfolio runs off. In castt, VaR60 falls at higher durations
and can fall well below 100% of expected value. Th& e®nsequence of increasing
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skewness, as the numbers of surviving claims drops.dfbysis also observable for
VaR75 and it can also be seen that the rate of ireigaagaR90 is slowing and, if the
numbers of claims fall sufficiently, ever high probapiVaRs can fall below the
expected value. For this reason, VaR is an unaatfy reserving or capitalisation basis
for small portfolios.

The following graph shows the equivalent TVaR values.

TVaR % of Expected Value
1000% -
900% 7 / | —60.00%
800%
200% /) / — 75.00%
600% - /y ——90.00%
500% —95.00%
400% - —99.00%
300% ——99.50%
200%
100% -
0% : : : : : : :
1 9 17 25 33 41 49 57
quarter

Again, there is a strong upwards trend but the droogh@®lower probabilities of
adequacy is no longer apparent.

4.4.2 Stand-alone Run-off of a Mature Portfolio wit h Reinsurance

The following graphs show VaR and TVaR for selegsababilities of adequacy, for a
mature stand-alone portfolio, in run-off, for varidesgels of excess-of-loss reinsurance.
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VaR 75.00 % of Expected Value
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VaR75 (albeit on a whole insurer basis) is the lepetsied for provisions under
Australian general insurance regulation GPS 310. For ratellevels of reinsurance,
VaR75 is essentially flat for nearly ten years. @ips in the unreinsured line and at the
top of the $1million retention are a consequence of the mean rises faster than
moderate percentiles, as numbers drop and skewnesasest For the model chosen,
and for moderate levels of retention, TVaR60 givaslar levels of margin to VaR75,
but does not give anomalous results for high levetskeivness.

TVaR 60.00 % of Expected Value
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As a basis for required capital, higher adequacy larel€learly required. VaR99.5 is
the (whole insurer) level specified under the Aalgn internal model basis Minimum
Capital Requirement.
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VaR 99.50 % of Expected Value
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Again, for moderate levels of XoL reinsurafftehere is a flat area for perhaps 10 years.
Part of the explanation for this is presumably thase levels of reinsurance drastically

reduce skewness.

Comparison with the following suggests that, forrinedel used here, depending on
retention, VaR99.5 gives results somewhere in thged VaR95 to TVaR99.

TVaR 95.00 % of Expected Value

240% -

220% -

200% -

180% -

160% -

140% - _/
— ___—

120% +

100% \ ‘ ‘ ‘ ‘ ‘ ‘
9 17 25 33 41 49 57

=

quarter

50,000
— 100,000
—— 500,000
-~ 1,000,000
— 5,000,000
— 10,000,000

unlimited

'8 The analysis assumes XoL reinsurance covers the claim aatour the attachment point without

limit. If XoL cover had upper limits, the curve would notdseflat.
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TVaR 99.00 % of Expected Value
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4.4.3 Stand-alone Run-off of a Mature Portfolio wit h Reinsurance —
Variability Effects
The following graphs show how VaR99.5 and TVaR99.5a#fexted by adding

parameter risk, in the form of different levelsvafiability in the inflation assumption.
See Table 4.2 for a description of these levels oabdity.
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The black line (case 4) corresponds to the resuttseiprevious section. Extreme
parameter uncertainty (case 6) reduces the relangerof VaR, as well as increasing its
general level.
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The pattern is essentially the same for TVaR99.5.
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4.4.4 Run-off of a Mature Portfolio in the Context  of a Larger On-
Going Portfolio

The following graphs show VaR99.5 on a marginal bagrgn a closed portfolio with a
starting liability of $500 million is added to a $5 it ongoing portfolio. This graph is
restricted to 8 years, because the variability chdhat, even after smoothing,
differencing simulated values of VaR and TVaR giveseasingly erratic results as the
numbers of claims in the supplementary portfolio drapd the supplementary portfolio
becomes a smaller and smaller fraction of the anggportfolio, which remains constant
in real terms.

VaR 99.50 % of Expected Value
150%

145%
140% | / 50,000
135% S — — —— 100,000
130% _— —— 500,000
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The apparent downward trend for retentions below $1lbmimay be a result of the
increasingly dominant ongoing portfolio. It may alsg ipepart, an artifact of the
smoothing process. The values for higher levels ofjaaey are clearly affected by
instability near the extremes of the smoothed distiobufunction.

The pattern is similar for TVaR and for other levef adequacy.
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4.4.5 Run-off of a Cohort of Claims in the Context  of an On-Going
Portfolio
The following graphs show the marginal impact on 4l TVaR for selected

probabilities of adequacy, when a $50 million cohottadfilities is added to a $5 billion
stable portfolio, together with a comparison of Vakl TVaR.

Marginal Additional VaR % of Expected Value
150% -

140% A
—— 60.00%

- M h (N

T AL ARSI (=20,

wW .

Linear (95.00%)
Linear (75.00%)
Linear (60.00%)

110% A

100% A

90%

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61

quarter

Although trend lines are shown, it is clear thateéhe no particular pattern for a given
level of adequacy.
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In this case, there does appear to be an upwards thendh it is not clear that this is
significant if any one level of adequacy is takerswiation.
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As expected, this shows that TVaR is clearly greidizn VaR for a given level of
adequacy, although there is a lot of variation.

4.4.6 Stand-Alone Run-off of a Cohort of Claims

The following graphs show VaR and TVaR for selegezbabilities of adequacy, for a
stand-alone $100 million cohort of liabilities.
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On a stand-alone basis, there is clearly an upweand in VaR with duration. There also
appears to be some shape to this trend. Both trehdhape are also visible for TVaR.
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4.4.7 Comparison of Stand-Alone and Supported Run-o  ff of a Cohort
of Claims

The top four curves in the following graphs show VaR @naR for the stand-alone
cohorts AX and B (twice the size of AX). The bottbmo curves show the marginal
VaR and TVaR when AX is combined with a large pdidfé (100 times the size of

AX). These show the substantial impact that a podfolio has on the capital needed to
support a given block of business.
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These clearly show the dramatic difference betwearginal capital (A) and stand-alone
capital (AX) for the same size portfolio, and alse tifference that doubling the
portfolio size makes (AX vs. B). Clearly, an insutteaittset its capital requirements for
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individual portfolios on the basis of their marginakds would be under-provided in
aggregate.

5  UK- Third Party Bodily Injury Liability -
Bootstrapping

5.1 Introduction and Overview

The initial aim of this section is to investigate htwve capital ratio (capital / reserves)
changes over time as a portfolio runs off. The ehpéquired at each future time needs
to be estimated if one is going to estimate a risknprm for a portfolio of liabilities.

In this section, all the analysis is undertaken gofsginsurance and considers only the
stand-alone capital requirements of the portfolio.

A very large claims dataset was assembled basedixingmarge data sources, each
scaled for confidentiality. The business analygs@d UK private motor, focussing only
on bodily injury claims arising from comprehensive pekc We estimate that in the
most recent accident year, approximately 5 milliehigles were exposed. This gives far
more stability than one would normally see in aidgptriangle, leading to an unusually
low capital ratio and hence risk margin.

Each of the source data sets was made up of quaatEmiyent origin periods from 1994
Q1 to 2006 Q2 inclusive with quarterly developments up to 2006 Q

A bootstrapping method was used in order to generatelagions of future cash flows
from this data set. The next sub-section gives ef description of bootstrapping and a
reference for further reading.

The initial results clearly show that the capitalaancreases materially as the portfolio
runs off. This section discusses some of the ratere ways that the future capital
requirement could be calculated.

No risk margin calculations are shown in this sectiddere we explore the capital
requirement over the time that the portfolio runfs &ection 2 showed the corresponding
risk margin results for comparison with the US and Aalistn models.

5.2 Bootstrapping description

The bootstrapping process can be used to determingigtnédution of the incremental
amounts for each origin period and each future devedopnperiod, allowing the
simulation of future cash flows.

It is important to realise that bootstrapping is simplgtatistical procedure that can be
applied to any well defined model. One commonly usetdspecial case of the so called
“over-dispersed Poisson” model. It is also possibléootstrap an alternative model,
known as “Mack’s model”, which has been used in thidyaisa Both models can be

written as generalised linear models (GLMSs).
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The methodology for bootstrapping both models (in the gbofethe GLM framework)
is described ifPredictive Distributions Of Outstanding Liabilities In General Ireswse,
Annals of Actuarial Science, Volume 1, Number 2, 2006 2@f-270(50) England, P.
D.; Verrall, R. J.

The basic data required for the bootstrapping procesgriangle of claim amounts. A
deterministic methodology is applied to the claimswgla. A basic chain ladder method
is used and a curve fitted to the resulting developpnfectors. The model includes a
number of parameters which affect the curve fittingcpss; the choice of curve to fit,
restrictions on which development factors are usedfifbong, restrictions on which
development ratios are smoothed, and the lengtreaiihto estimate.

The bootstrapping methodology generates pseudo triangles. original chain ladder
with tail method is then reapplied to these triangl@s the chain ladder model used for
each pseudo triangle is the same as for the origiraidgie, the chain-ladder model
should be general enough to cope with similar, bugmatlly different, data sets.

Future claim amounts are then simulated for eachirorperiod and each future
development period. The model calculates a variaaceorf for each development
period. These are based on the residuals from thmalrDFM and are used to calculate
the variance of the simulated results. These vagidactors may be unduly affected by
exceptional claims or unusual experience, althdhgldata set used for this analysis was
exceptionally large with no obvious odd issues. hdsessary to extend these variance
factors into the tail where a tail is required.

Within the bootstrapping model we have excluded certaieldpment factors. These
factors have been excluded to smooth the residualbemce reduce variability where it
is being driven by erroneous data points. This capdm@n the first four development
quarters, which are quite erratic and not necessegjyesentative of the variability
within the rest of the triangle. The development fexto the last four development
guarters (in the oldest year) can also distort thebdity since they are based on just
one accident year’s data.

These adjustments do not have an adverse effedteosoundness of the bootstrapping
theory. However they are essential to ensuretiieaDFM is an appropriate model.
5.3 Methodology and results
The following methodology was applied:
» Take data for origin years 1994 to 2001
» Take quarterly paid development data as at the £BAG1 Q4 (“cut-off point”)
» Fit a DFM, based on accident year origin periods awldpment quarters
* Bootstrap it and simulate 10,000 sets of reserves
* For each simulation, extract cash flows for 2002Q1 abdequent quarters

From this data set it is fairly straightforward teate the distribution of undiscounted
and discounted reserves at each future quarter,iaficdive means and any other statistics
such as value at risk or tail value at risk to alewated.
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The following simple table demonstrates how the meadiscounted reserves are
calculated at each future point:

Table 5.1: Simple example to demonstrate approach

Simulated cash flows (incremental)

Period 1 2 3 4 5
Sim 1 10 8 6 4 2
Sim 2 11 6 7 3 1
Sim 3 7 4 3 1 0
Sim 4 13 8 5 3 1
Sim 5 9 5 5 2 0
Total 50 31 26 13 4
Total future 124 74 43 17 4
Mean reserve 24.8 14.8 8.6 3.4 0.8

Similarly, for example, the 995percentile of the reserve and the discounted efguits
can be calculated at each point, allowing the carata to be determined.

Discounting was undertaken using a flat rate of 4%ap@um. The capital was defined
as the discounted reserves at the 9@é&rcentile less the mean discounted reserves. The
capital ratio was defined as the capital dividedHgyrhean discounted reserves.

The following chart shows the results of this analysi
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Graph 5.2: How capital ratio changes as portfolio ages
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This chart clearly demonstrates that the capit#b iacreases materially as the portfolio
runs off. Alternative capital definitions such as §n&lue at risk and tail value at risk
were explored and similarly increasing capital ratioves were produced.

5.4 Using hindsight

The analysis above used data from origin years 1920@4 only, although data was
available up to origin quarter 2006 Q2. This is tovalles to explore how the capital
would be calculated at future points in time basedactual experience. By setting
“now” equal to the end of 2001 Q4, giving us the benefitindisight this was possible.

The methodology described in section 5.3 was repeateedéw DFMs created and new
bootstraps run) but having added an extra four developguamters of actual paid data
to the triangle — in other words at cut-off period 20@2 (@his was then further repeated
at cut off points 2003Q4, 2004 Q4 and 2005 Q4.

In all of these extra analyses, the origin years ne@gaas 1994 to 2001, so it is the same
portfolio being analysed. The following table summsasithe results:
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Table 5.3: Discounted reserves and capital ratios for sanm®rtfolio using different cut-off

dates
Cut off point
2001 Q4 2002 Q4 2003 Q4 2004 Q4 2005 Q4
As at: Discounted reserves (Em)
2001 g4 572.0
2002 g4 350.1 353.0
2003 g4 192.0 187.5 197.6
2004 g4 89.4 80.1 88.4 71.3
2005 g4 38.1 27.9 34.0 22.4 22.9
Capital ratio
2001g4 15.1%
2002g4 17.7% 9.1%
2003g4 20.4% 10.7% 8.2%
20044 27.5% 17.7% 13.9% 10.4%
200504 42.0% 39.2% 29.8% 14.8% 14.6%

The 2001 Q4 column is from the analysis explainedatien 5.3 above. The additional
columns reflect the results from the four addition&M3 and associated bootstrapping
analyses, each of which had four extra actual pardldpment quarters added.

A number of observations jump out from the capitabrtdble above. These are listed
below with some suggested explanations:

A. Going down each column, the capital ratio increasHss is consistent with the
findings in section 5.3 above. We believe that themes two reasons for this.
Firstly a reserve estimate made as at a future poitime will have relatively
more uncertainty around it than a current reservenate. Equivalently, it is
more difficult to estimate a cash flow in 5 yearsdithan it is to estimate next
year’s cash flow. The second reason we suggebaisas a book gets older and
smaller, it becomes more volatile.

B. Going across each row, the capital ratio decrea¥égh extra information, the
reserves can be estimated with more certainty.

C. Going down and right along the first capital ratio facle analysis, the capital
ratio decreases (15.1% to 9.1% to 8.2%) and thenasese (to 10.4% and
14.6%). We suggest that this is a combination ofdivie effects described in A
and B:

» extra data giving more certainty and bringing the cayatad down

* increasing inherent volatility as the portfolio shrinksushing the
capital ratio up.

42 7 September 2007



One point of debate amongst this group was whethernvedstimating the capital
required at a future time, some allowance should bendosethe reduced uncertainty that
will most likely exist at that future time due to tleatra information available (extra
diagonals). We concluded that this was not appropriafbe extra uncertainty is a
function of not knowing where the mean reserve léllat that future time.

[As an aside, we note that the discounted reses\a 2005 Q4 based on the actual data
to 2005 Q4 (£22.9m) is just below the 0.5th percentilthefdistribution from the 2001
Q4 analysis (which has a mean of £38.1m and a 0.5tlemgdecof £23.6m). We believe
that this is a function of model risk — the simulaioproduced by the bootstrapping
approach include allowance for both parameter andepsoancertainty, but assume that
the underlying model is correct. This implies thhaé tcapital ratios above are all
understated.

This raises interesting issues for practitioners w® bootstrapping to determine reserve
variability. A DFM model (or other reserving approachill never be perfect, so
additional variability should be added to allow faistmodel risk — this is not explored
further in this paper.]
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6

6.1

US - Third Party Bodily Injury and Property Damag e
Liability - Collective Risk Model

The stochastic loss reserving model discussed irséitison is taken from Meyérs
[2006]. In this paper, Meyers studies the US CommeAai#d line of business. The
underlying data was taken from ten-year triangles@kimental paid losses from the
accident years 1986-1995. Meyers fit a model to the dateen 100 insurers and
validated the model on subsequent losses paid through 2001

We use a similar model derived from the same dattaisrpaper.
The Underlying Loss Model
For a given accident yea, and settlement lag, the expected loss, is given by:

Expected Losg = PremiuphELR[Dey

Premium is specified by the insurer. The parameter E&R Dev} is estimated from
the insurer’s data.

The distribution of actual losses, given the expetides for each cella(l), is given by
the collective risk model, described by the follog/simulation algorithm.

Select the expected claim couky, as the Expected Laggivided by the expected claim
severity for the settlement lag

Select a random number of clainhg,from a negative binomial distribution with mejan
and variancé + ci?

SelectN random claims, 4}, from the claim severity distribution for settlemédag|.

N
The loss for the cell(l) is given byX,, =>_ 7.
i=1
Here are some additional details about the fittindnisf model.

The parameter, ¢, was set equal to 0.01. Justifit&iothe selection of this parameter
can be found in study done by Mey&i@007] on Commercial Auto data.

The claim severity distributions were derived frorm@oercial Auto data reported to
ISO, which serves as a statistical agent collecting filam the large number of insurers

" Meyers, Glenn G., “Estimating Predictive Distributioos lfoss Reserve ModelsCAS ForumfFall
2006, http://www.casact.org/pubs/forum/06fforum/163. pdf

'8 Meyers, Glenn G., “The Common Shock Model for Correlatedrance Losses Variance Volume 1,
Issue 1, 2007.http://www.variancejournal.org/issues/?fa=article&atist6373
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in the US. These distributions vary by settlentagt Figure 6-1 provides a graphical
representation of these distributions.

The fitting method uses a Fast Fourier Transform (A& Talculate the likelihood of a
triangle of data. This paper uses Bayesian estmidtio produce a set of 100

{ELR Dewag} parameters that represent the parameter risk éfittled model. Figures
6-2 and 6-3 represent this parameter risk graphically.

For a given parameter 46k R, DeV4q, the collective risk model represents the process
risk associated with the parameter set.

The final predictive distribution will be an equallveighted mixture of the collective risk
models for each parameter set ELR, De ag}.

The estimation was done on a simulated triangle anthnnual premium of $50,000,000
using the model described above. Given the validaésults obtained by Meyers [2006]
we feel that it is a fair representation of a samyl sized Commercial Auto portfolio.

For a given ELR, Deviagt parameter set, it is possible to derive a predéctistribution
for a portfolio of any given size. This assumes thatparameter risk is the same
regardless of the portfolio that provided the datdua the estimation.

¥ n contrast to the Bayesian methodology described in M¢g@6$] that calculated the posterior
probabilities on a fixed multidimensional grid of points, thethodology described in this paper used the
Gibbs sampler, to calculate a random setfR, Dey ¢} points. This methodology will be described in
detail in Meyers, “Fitting the Compound Negative Binomial Mddd.oss Reserve Triangles.” (In
preparation)
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Figure 6-1

Claim Severity Distributions in the Collective Risk Modé
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The Limited Average Severity statistic is descrifrelllugman, Panjer and Willmgt
[2004]. In general, greater values of the limitedrage severity indicate a greater
likelihood of large claims.

2 Klugman, Stuart A,, Panjer, Harry H., and Willmot, GordonLBss Models, Wiley 2004, p. 30.

46 7 September 2007



Figure 6-2
The Marginal Distribution of ELR
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* This histogram represents 1BQRs derived from the Gibbs sampler of the posterior
distribution of the fitted model.
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Figure 6-3

A Graphical Representation of {Deyag}
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» Plotting all 100DeV a¢'s produces a solid graph with roughly the same widihking a
sample allows one to view the variability of the induad payment patterns.

48 7 September 2007



6.2 Calculating the Capital for a Runoff Insurer

In this paper we use the cost of capital method tasone risk margins as shown below.
This section considers two criteria for required cépita

1 Value at Risk at the 99.5% level — VaR@99.5%.
2 The Tail Value at Risk at the 99% level — TVaR@99%.

The VaR criterion has the advantage that more pewpléamiliar with it. The TVaR
criterion has the advantage of a stronger basisturaaal theory. As we shall see, the
theoretical difficulties of the VaR can lead to carmttuitive results for smaller insurers

with skewed loss distributions.

The portfolios considered in the examples that folkvavrt with a stated initial annual
premium, P, and then grow at a rate of 5% per y@athe end of the tenth calendar we
consider the run-off portfolios. The initial lialtigs are the sum of random outcomes in
the numbered cells of Table 6-1 below.

Table 6-1

AY |Premium\Lag 1 2 3 4 5 6 7 8 9 10|
1 P . pd: pd: pd: pdi pd pd pd pd pd 1
2| PA.05 | pd [ pdi pdi pdi pdi pd pd pd L 3
3 P1.05 i pd: pd: pd! pdi pdi pd pd L 2 3
A P1.05 i pd i pd i pdi pdi pd pd 1i 20 3 4
5 | | PA.05' i pd i pd: pdi pdi pdi 1: 2i 3 4 5
6 | Paoy ipdi pd: pdi pdi 1: 2 3. 4 5 6
A P00 i pd:pd: pd: 1: 2: 3: 41 S 6. 7]
7 P1.05' pd i pd: 1 2 3% 4: 5 6! 7 8
8 | pPao¥ pdi 1 2% 3: 4 5. 6. 7. 8 9
10 | _PRO5/2 i 1 i 2 .31 4 5 6. 7. 8. 9: 10

« Payments in the™ subsequent years are the random sums of the cellsenarand
above. In all, the insurer will be making random paytador 10 years in the future.

Using the Fourier methods described in Meyers [2006]al@utated the distribution of
the sum of the random losses paid in each of h&sequent years. This gives
information of the form that would be obtained by siniaol® but does that work much
faster. We assumed that the losses were correlatieth @n accident year, but were

independent between accident years.

Given the distribution of the losses to be paithmnext ten years, the capital required
for each of the subsequent years was as follows.

VaR@99.5% — Expected Loss
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TVaR@99% — Expected Loss

The required capital was calculated for insurers witial premiums of $50 million and
$25 million. To test the effects of reinsurance lwat portfolio, we limited individual
claims to $1 million, $500 thousand and $250 thousand.

We also considered the case where the runoff partéedis ceded to a similar existing
insurer with an ongoing portfolio with an initial premm of $500 million. In this case
we expect the cost of capital to be proportionaheadditional (or marginal) capital the
insurer must raise to take on the risk.

The results and commentary of this analysis arearidlowing tables.
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Figure 6-4

Standalone Liabilities for the Portfolio
Initial Premium = $50 & $25 Million
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As expected:
* The liabilities decrease as the retention decreases.

» The liability for the $50 million portfolio is twicéhat of the $25 million portfolio.
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Figure 6-5

Coefficient of Variation of the Standalone Liabilities fo the Portfolio
Initial Premium = $50 & $25 Million
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The common reference lines on each graph help mifgé¢he differences between them.

The coefficient of variation grows rapidly with 8eiment lag because of the small
number of claims that are potentially very large.

Reinsurance can have a noticeable effect on the ceeffiof variation.
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Figure 6-6

Standalone TVaR Capital Ratio
Initial Premium = $50 & $25 Million
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The common reference lines on each graph help mifgé¢he differences between them.

The liability to premium ratio grows very fast withet settlement lag because of the
small number of claims that are potentially very ¢éalepds to a skewed distribution.

Excess of loss reinsurance can have a noticealslet @ffi the TVaR capital ratio.
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Figure 6-7
Standalone VaR Capital Ratio
Initial Premium = $50 and $25 Million
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* These graphs illustrate a theoretical feature @MaR measure of risk. For very skewed
distributions, the mean can be less than the"gsebcentile.

« For the smaller portfolio, the 99"®ercentile is equal to zero, which implies that\aiR

Capital Ratio is negative one.

* The distortions of the VaR can be subtle for largetfplios. Note that counterintuitive
effect of excess of loss reinsurance in the $50onifbortfolio.
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Figure 6-8

Marginal TVaR Capital Ratio
Initial Premium = $50 and $25 Million
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* Compare this with Figure 6-9. In these examplesctpital to liability ratios are nearly
equal for the TVaR@99% levels and VaR@99.5% levlben a small portfolio is
added to a large portfolio, the liability distributi@not very skewed.
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Figure 6-9

Marginal VaR Capital Ratio
Initial Premium = $50 and $25 Million
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* Compare this with Figure 6-8. In these examplesctpital to liability ratios are nearly
equal for the TVaR@99% levels and VaR@99.5% levlben a small portfolio is
added to a large portfolio, the liability distributi@not very skewed.
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6.3Conclusions
These examples suggest the following conclusions.

» The assumption of a constant capital to liabil#§a is not appropriate. This is caused
by: (1) late-settling claims tend to be larger; §2dthe number of late-settling claim is
generally smaller.

* Using the VaR to calculate capital has theoretid&tdlties, which can lead to
counterintuitive results for capital calculations $mnaller insurers.

» Calculating the risk margin with a large, but simyagbnstituted, reference insurer can
lead to tractable and intuitively appealing resuiterhich the TvVaR and VaR risk
measures are in substantial agreement.

* One potential difficulty with the marginal approashhat the sum of the marginal
capitals for sub portfolios will generally (alwaysthe case of the TVaR) be less than the
total capitals. We recommend that the marginaltabbe multiplied by a constant factor
to force additivity. This is not as arbitrary as ight appear. Meyef5[2003] provides
an economic justification for this adjustment. & of the argument is that an efficient
insurance market will provide a constant returm@rginal capital inputs.

% Meyers, Glenn G., “The Economics of Capital Allocatio@AS Forum Fall 2003.
http://www.casact.org/pubs/forum/03fforum/03ff391.pdf
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7 Shock and Latent Claims

For purposes of this paper we define shock claim&@as< arising from major events

that are not represented in the database (bedaeysédve been excluded or because they
have not occurred) and therefore not reflected imtbdelling techniques used to

develop the capital requirements. We define lat&ins as claims arising from events
with latency periods during which no events emergethed a period when claims from
many past exposure years are reported and paid. tAstkaaxsl US pollution liability are

the most notable latent shock claims. Other examiclude mould claims on US
Homeowners, construction defect claims, and a tyaoepharmaceutical/medical device
claims.

It is more difficult to point to shock or latent afes for automobile exposures. However,
to examine how sensitive the capital requirementstla@fore risk margins, are to such
events we constructed the examples of shock cléiiasle 7-1) and the Shock+Latent
(Table 7-2) claims described below.

Table 7-1—Risk Margin from Shock (Non-latent) Claims

Row ltem Amount Notes

1 | Expected annual cost 0.25%elected % annual premium
2 | Reserves/Premium ratio 3 Belected
3 | Frequency 0.5% A 1/200 year event
4 | Expected Claim size 16.7%dPercent initial reserves. (1)/(2)/(3
5 | Capital required:

5a Normal 26.5% From US Example

5b Stand alone shock 16.7P0%ize of 1/200 event (Row 4)

5c Shock + Normal 31.3%5a and 5b combined as if shock

event is independent of variability
in normal claims

6 | Risk Margin-Cost of

Capital
6a Normal 4.9% From US Example
6b Stand alone shock 3.1p66a)*((5b)/(5a))
6C Shock + Normal 5.8%(6a)*((5c)/(5a))

For the shock claim in Table 7-1 we assume that ncamishock claims have the same
payment pattern and variability during runoft.

For the latent shock example in Table 7-2 we assumdétrghdatent claim has developed
over a period of 10 years and would be paid over adupgariod of 10 years. We
assume that the chance of a shock loss over tbeJdriyears is constant at 1/200, but the
expected size of the event decreases as the egposisr off. Thus, after 1 year the
company is exposed to only 90% of the initial shockant, 80% of the initial event size
after 2 years, and 0% after ten years. If shockremimal claims are combined as
independent events, then risk margins from ‘shock:@mg ‘latent shock’ are as follows
in Table 7-2:
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Table 7-2—Risk Margins from Shock and Latent Shock Evets

(1) (2) 3)

ltem Shock Event Latent Shock Event
Stand — Alone Shock Event 3.1% 4.7%
Shock + Normal 5.8% 7.0%

Column (2) from Table 7-1; Column (3) from detailmkt of capital calculation not
shown.

In the analysis shown above, we use a 99.5% VaR @&igp on required capital. The
calculations would be different, but the concepts woelgdimilar for other VaR and
various TVaR levels. Also, we note that if shockmivhas probability of 1/200, then the
average value of the shock event limited to 1/200 pribtyais less than the full shock
event size. We have not considered the detailsabfissue in this conceptual example.

Our conclusion from these sensitivity tests is tixéiteene events that are not reflected in
the data, and which may necessarily be judgmeatala material consideration in the
selected of the appropriate risk margin.

8 Effect of diversification

The cost of capital approach to setting risk marginsdserving has generally been
illustrated by considering lines of business separafEhe IASB has expressed views on
the issue of when experience from different po®itan be combined.

However, regardless of the accounting treatment, xpereence shows that material
diversification benefits on capital are approprideoperly measured capital for a multi-
line company will be less, often significantly ledsr the sum of the capital required
line-by-line.

We have not investigated that subject empiricallyhia paper.

9 Reinsurance

In the Australian and US examples, we have shown dlseexpected, reinsurance reduces
the cost of capital risk margins. Our results arevshio the summary section and are
not repeated here.
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10 Reference Company or Own Company Analysis

The IASB has expressed a preference for an Exiié/aiew of measuring liabilities. In
many respects, the IAIS has accepted that preferéffuarefore, a significant unresolved
issue in the use of the cost of capital approaerhether the risk is to be measured from
the perspective of the reporting company or from #rsective a reference company
which could be viewed as assuming the business fremefborting company.

In a related issue, one of the IAIS principlesesdSimilar obligations with similar risk
profiles should result in similar liabilities®. As size of portfolio and diversification
among lines of business can affect the measuremeiskahargins for an individual
company, the IAIS principle would lead to looking at ligies in a context of something
beyond just the individual company, e.g. a referencepany, regardless of exit value
considerations.

The IAA introduces the reference company as follGiws:

Before a cost of capital method can be applied, the fundamental questi@neuitity to
which the capital should relate to needs to be answered. To be consiitesm exit
value approach, it is reasonable to construct a reference entity to wiegbortfolio
would be transferred. As a result, the reference company is m@efier the reporting
entity. In addition, the use of a reference would promote increasguhcability
between preparers' financial statements.

If there were a deep liquid market, there would be no need to understamattine of
buyer of an asset or an obligation. The price would be determined byatketpend of
story. However, as we are modelling the price that would be wdjby the entity to
which the net obligations will be transferred, the relevant charattesisf the entity
need to be defined.

While the choices to be made are discussed below, a focus will bef@mesnce
company that is a large, multi-line, diversified, and highly rated inswith business
similar in nature to the portfolios subject to the valuation.

1. “Large” means large enough that “process risk” fluctuation about the expected
value, is as small as practical. For many types of insurance, thatithe reference
company is large, process risk will be negligible compared to pararmetemodel
risk. Process risk may be significant for some coverages peoperty-catastrophe

2 |AIS, Issues arising as a result of the IASB’s Insurance Contracts Projebase Il, Second Set of IAIS
Observations1 June 2006, page 20,

http://www.iaisweb.org/__temp/IAIS provides_second_comment_ppéASB_on Phase |l_project.pdf

% |AA Risk Margin Working GroupMeasurement of Liabilities for Insurance Contracts: Current
Estimates and Risk MarginExposure Draft, February 23, 2007, page 57-58

2 |AA, A Global Framework for Insurer Solvency Assessim2dt. The concepts of “risk” and
“uncertainty” are defined. Risk means the variability in oates in a process that is fully understood, e.g.,
the result of rolling a pair of fair dice. “Uncertaintylfeans the additional variability in outcomes that
occurs because the process is not fully understand, the modehigge: be incorrect to some degree
and/or the actual model parameters will vary from thieneséd parameters. As the term “risk” is used in
other ways, e.g., risk margin” in this report, the t&pnocess risk” is used to refer to risk as defined in the
Global Framework for Insurer Solvency Assessrgartameter and model risk” refers to uncertainty as it
was defined in th&lobal Framework for Insurer Solvency Assessment
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and high-layer excess property or liability coverages. Parameter andl msidéor
the reference company is not expected to be small.

2. “Multi-line, diversified” means the realistic benefits of ridkversification across
portfolios and territories (including within and between countries to deng that
such diversification is observed in the market) are recognized imuateg capital,
cost of capital, variability in liabilities, margin setting, and otlparameters.

3. “Highly rated” means having resources that equal or exceed that of adypi
insurance company, for example, an AA rating, that might depend on teeofype
business involved. It means a company with “minimum statutory surptudtwot
be consistent with this example

4. “Business similar in nature” means that determination of the charasties of the

reference company is based on a review of an appropriate set of compane® that

in the same business.

One simplified treatment of the reference companyldvbe to measure the marginal
risk associated with merging the reporting companyeggpce into a company identical
to the reporting company but much larger. TherefotharAustralia and US examples,
we have measured marginal capital and relatednwalyins as well as risk margins from
a stand-alone company.

This paper does not address diversification issueghbsé should be considered in a
realistic reference company framework.

% The IAA indicated that the choice of financial strength lenay not be significant if cost of capital is
selected on a consistent basis, as cost of capitahaiftase as financial rating deteriorates.
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11 Minimum Capital Requirements and Cost of Capital
Formulas
In our examples we have used the cost of capital flatron described in section 3.
This can be described by the following formula
Y
t=0 (1+I)

Where Msstis the risk margin from the Swiss Solvency Testl an

MSST:(r - (1)

* | = Risk-free rate of return on investments (e.g., A%ur examples)

* r = Total rate of return demanded by investors fomgknsurance risk. (This is
the risk free rate plus an additional cost of capitavision, 4% plus 6%=10% in
the examples)

* C; = Amount of capital required to (or allocated to) suppartnsurance portfolio
at timet.

» t=0 is the reporting date; t=1 is the end of the fesdr, etc.

Another formulation, which we call the capital cakiwf (CCF) risk margin formula of
the transaction, would be as described below.

Assume that Insurer #2 takes on the liability olihes #1. In return, Insurer #2 receives
assets equal to the discounted liability plus a rigkgimMccr.

First look at the cash flow of the insurance tratiea.

» At the beginning of the first year, at timhe 0, investors contributes a sum@fto
Insurer #2 and earns a risk-free rate of retyroyer the next year

o Attimet=0, Insurer #2 collect8lccr from Insurer #1 and immediately transfers it to
its investors. Equivalently, one could say that thestorecontribute€y — Mccr to
Insurer #2.

* Attimet =1, the investors are obligated to k&apnvested in the Insurer #2, and
they expect to receive a cash fl@y(1+) —C; at the end of year 1. Since the losses
the Insurer #2 is required to pay adgdare uncertain, they discount the value of the
amount returned at the risky rate of retueni.

» Continuing on to time, the investors are obligated to ke@pnvested in Insurer #2,
and they expect a cash flow©f;(1+) — C; at the end of yedr

Since the cash flows are uncertain, it is appropteatiscount the cash flow at the risky
rate of returnyr. This leads to the following expression.

2 Cuy(1+i)-C

C =M Cua 2
0 CCF+ = (1+r) ( )

t

This equation implies.
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= C (1+i)-C,
:C t-1
CCF 0 ; (1+r)
Co(1+r-1-i)  C,(1+r-1-i) C,(Tr-1i)

= Tor + (1+r)2 + (1+r)3 +... (3)

=(r-i)

Another way to consider this is given in Hart Buadia & Howe Actuarial Practice of
General Insurance (IAAust™#d., 2007)Chapter 11 (HB&H), in the equivalent context
of profit margins.

e
fo)

t+1
t

Il
o

(1+r)

If we defineR; as the release of capital (referred to adrdmesferin HB&H) at timet and
note that

R=G.(1+1)-G (5)
Then (2) can be re-written as
00 R
C, = E 6
0 = Mocr * tzl 1+r ©)

If we now note tha€Cy can also be expressed it terms of transfers @eteaf capital) as

_v_R
C, = (7)
’ 2;@+W
We can derive the required margin as
MCCF:Z R _Z i (8)

t=1 (l+ i )t t=1 (1+ r )t

The first term is the value of the releases oftedpat the risk-free rate and is the amount
of capital require at time 0. The second termésvailue that shareholders, with their
higher required earning rate, place on those safeases of capital. The required margin
is the difference between these two and is theigdplalue of uncertainty.

Note the similarity between Equations 1 and 3. dilg difference is the discount rate
used for theC,'s.

The theoretical difference between the two formwas described in Section 2.2.10.
The difference between the two approaches for xameles is as follows:

Table 11-1--Risk margins—SST and CCF formulations

Model SST CCF
Australia 4.6% 4.0%
UK 2.2% 1.9%
us 4.3% 3.7%
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