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Sheraton Denver Downtown Hotel, Denver, CO
7:00pm-10:30pm
Wednesday September 5t
Thursday September 61

(Also learn about the Bootstrap technique for testing validity of a
model or method)
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Introduction and Summary /1

« We provide our solution to the Solvency Il one-year risk horizon, SCR,
Technical Provisions (TP) (Fair Value Liabilities), Market Value Margins (Risk
Margins) for the aggregate of long tail LOBs

« The solution is non-recursive, non-circular, tractable and satisfies all the
directives (requirements)

« IFRS4 requirements in respect of fungibility and ring-fencing is discussed
« Three types of correlations between LOBs
« How do we know if two LOBs have the same economic drivers?

« Is the economic inflation a principal driver of long tail liability calendar year
trends?
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Introduction and Summary / 2

* Which probability distributions are required to compute the
various risk measures for the aggregate of multiple LOBs?

« VaRs and T-VaRs
* Process Variance versus Parameter Uncertainty
« Reserve risk, underwriting risk and the combined risk
« Risk Capital allocation by LOB and calendar year
« The ultimate year risk horizon- conceptually much simpler
« Calendar year Payment stream probability distributions
— what are the drivers?
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Solvency Il one-year risk horizon

« Solvency Capital Requirement (SCR)
« Market Value Margins (Risk Margins)
< Technical Provisions (Fair Value of Liabilities)

Under what (three) conditions is it necessary to compute these
metrics?

What is the cornerstone of Solvency I1?
Consistency of metrics from year to year on updating?

What are the ‘causes’ of distress in the first year such that
losses reach 99.5 percentile of the loss distribution?

Which are the LOBs that most contribute to distress?
Mlnsureware

Most solutions to Sll and IFRS4 metrics for long tail
liabilities are like the Ptolemaic system

X Insureware

If you look at things in the right way everything
becomes simpler

Copernican Solution

X Insureware
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Example of risk diversification of SCR and Risk
Margins

« Sl metrics for the aggregate of real life six LOBs compared with SII metrics for the
most volatile LOB to illustrate amongst other things risk diversification of SCR and
(MVM (Risk Margin) component) of TP (Fair Value of Liabilities).

« Undiscounted reserves for the aggregate of six LOBs

= (approx) Technical Provisions +Solvency Capital Requirement (SCR)
= total in Economic Balance Sheet,

using a risk free rate of 4% and a spread of 6%.
« No need for additional capital in this example due to risk diversification SCR and MVM.

« Conditions for consistent estimates of prior accident year ultimates and SlI risk
measures on updating?

*  We will explain how to avoid model error “distress”.

M Insureware a

Solvency Il —= Economic Balance Sheet

Solvency il aims to
establish a solvency
regime that is better

matched Lo the Lrue rigks

of an insurance company

Mot
ey

Arn Hagen in *Solvency 1 - Brave new world
“Doing the jab

Under Selvency Il, the way that work is carried out will change. For example, Soivency Il Is likely to require
different actuarial techniques from the ones cumently used. Technical provisions will be estimated as a

prabability-weightad average of expected future cash flows, taking Into account the time-value of money and
including a risk margin. Many of us are estimating claims reserves using traditional deterministic ctuarial
techniguas, primarily relying on incurred claims data. Under Solvancy Il, not only will we need to discount
these reserve estimates, requiring projected payment patterns, we will also need to demanstrate o deep
understanding of the uncertainty of those reserves. We will additionally be required 1o apply the same
approach unexpired risk in -
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Actual payments are made by calendar year

Summing future losses along
DvkmrtPried d wmaepeied  the calendar year axis
produces projections of the
cash-flow, and the actual calls
on the reserves. This is the
dimension in which solvency
issues arise.

——

Using cell distributions and
correlations we can compute
' the distributions for each
future year’s cash flow.

X Insureware




Seminar, London 2010

Risk Capital: VaRs and T-VaRs (1)

10M 100M
Let’s look at a typical forecast paid losses distribution. We expect to see a skew
to the right, and more or less heavy tails. This could the ultimate losses for a set
of accident years, or the forecast losses for a single calendar year. We’ll set the
range as 10M-100M.

¥ Insureware
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Solvency Il Seminar, London 2010

Risk Capital: VaRs and T-VaRs (2)

The mean is, by

.//\\ [ definition, the
/ L “probability-
\\ weighted average of

future outcomes”.
In this example
Mean = 40.0M

10M 100M

Solvency I “The Best Estimate shall correspond to the probability-weighted average of future cash-flows, taking into account the
value of money (expected present value of future cash-flows, using the relevant risk-free interest rate term structure.)”

To compute this we need to have the means by calendar period, as well 2 a projection of interest rates. Provision must be made for
Tosses above the mean

¥ Insureware
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vency Il Seminar, London 2010

Risk Capital: VaRs and T-VaRs (3)

Modian | [Moan

Mean = 40M
Median = 37M

100M

In this example the mean is at the 59" percentile. That means that there is a 41% chance
that the losses will come in above the mean. Since the right tail of the distribution is
long, the loss may be much higher than the mean.

¥ Insureware
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Seminar, London 2010

Risk Capital: VaRs and T-VaRs (4)

SD =13.16M

Mean+SD =
86.5! percentile

Mean + 2SD = 95.8
percentile

10M 100M
A risk measure is a measure of expected variability, and this is usually taken to be the
Standard Deviation. However for a skewed, non-normal distribution it is not clear what
we are measuring. In this example the Mean + 2SD is exceeded more than 4% of the
time. (For the Normal distribution this percentage is 2.5%.)

¥ Insureware
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Solvency Il Seminar, London 2010

Risk Capital: VaRs and T-VaRs (5)

99" percentile =
82.9M

99.5t percentile =
90.1M

100M

The percentiles of the distribution provide a measure of risk that is uniform, in that it has the same
practical meaning for any distribution. The Value at Risk (VaR) codifies this concept. The VaR at 99%
is the amount by which the 99" percentile exceeds the reserve (reserve = best estimate is usually equal
to the mean) and corresponds to the minimum amount lost if this quantile was reached.

¥ Insureware
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vency Il Seminar, London 2010

Risk Capital: V@Rs and T-V@Rs (6)

99" p'tile = 82.9M

995" ptile = 90.1M
TV@Rgg = 93.1M

TV@Rggsy = 101.5M

83M 118M

If we are thinking about the possibility of losses exceeding a high threshold such as the 99t
percentile then we need to look more closely at the tail of the distribution. Arguably we should
consider the mean loss given that the loss exceeds the 99t percentile, this is the Tail-V@R (T-

V@R).

¥ Insureware
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Seminar, London 2010

VaR and T-VaR for loss distribution L

i VaRgs = Lg; — Mean

T-VaRgs = E[L | L>Lgg] — Mean

'

Mean Lo
Value at Risk (VaR,) is the minimum amount ‘lost" if the loss exceeds quantile q given the provision (set to the mean in
the diagram above). At the 95% quantile (displayed above) there is a 5% chance of losing at least VaR

Tail-Value at Risk (T-VaR,) is the average amount ‘lost” if the loss exceeds quantile .

¥ Insureware
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Solvency Il Seminar, London 2010

Risk Capital: VaRs and T-VaRs (7)

Al possible cutcomes

1% of outcomes for
e

The T-VaR at a given percentile is often significantly higher than the VaR at the same
percentile. The “heavier the tail” the greater the difference.
The T-VaR has the desirable property for any risk measure of subadditivity:
T-VaR,(A+B) < T-VaR(A) + T-VaR,(B)
With equality when A and B are perfectly tail-correlated

¥ Insureware

Solvency Il one-year risk horizon: satisfies three conditions - Summary
of decomposing the directives- What are the basic elements?

» Risk Capital is raised at the beginning of each year and any
unused capital is released at the end of the year;

+ The analyses are conditional on the first (next) calendar year
being in distress (99.5%);

« Atthe end of the first year in distress, the balance sheet can be
“restored” in such away that the company has sufficient
technical provisions (fair value of liabilities) to continue business
or to transfer the liabilities to another risk bearing entity.

An important consideration is that fungibility by calendar year is
only in the forward direction

~A7
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One-Year Risk Horizon

« The cost of raising the risk capital, the Market Value Margin (MVM) or
premium on the risk capital, also known as the Risk Margin is paid to the
capital providers at the end of each year along with any unused risk capital.

« The Best Estimate of Liability (BEL) is the mean (suitably discounted)
« The Technical Provision or Fair Value = BEL +MVM.
« For calendar year k we have BEL(k) and MVM(K).

BELs and MVMs are additive.

"\‘\{ Insureware

The Concept of Risk - The SCR

As detailed in the Insurance ERM analysis of Solvency II:
GREAT WEB SITE- decomposes the directives.

“The fair value balance sheet is one of the cornerstones of Solvency II,
and its impact is not restricted only to the calculation of fair value
assets and liabilities. The concept of market value margin (MVM), and
the related one-year risk approach in the calculation of the solvency
capital requirement (SCR), find their origin in this fair value driven
approach: re/insurance companies should have enough capital on their
balance sheet to cover the risks that can emerge over a 12-month
timeframe, and allow for a (theoretical) transfer of all (contractual)
liabilities at the end of this balance-sheet period. This means that
companies have to be able to calculate the impact of such shocks on
their end-of-year balance sheets, and value these in such a way that
they can be transferred to a third party.”

M Insureware

The One-Year Risk Horizon

To satisfy Solvency Il one-year risk horizon the Economic
Balance Sheet at inception must have sufficient SCR and Fair
Value to withstand a first (next) calendar year in distress at
99.5%, and be able to be restored to its Fair Value at the
beginning of the second year.

Fair Value= BEL + Market Value Margin (Risk Margin)

Itis also assumed that Risk Capital is raised from the capital
providers at the beginning of each year and released if not fully
used at the end of the year.

M Insureware




Definition of SCR

8/14/2012

The above extracts lead to the following definition: the SCR for the
one-year risk horizon is the Value-at-Risk for the first year plus the
change (increase) in technical provisions (TP), equivalently, fair
value, in the subsequent years (suitably discounted), conditional
on the first year being in distress.

SCR = VaR99.5%(1) + ATP(2) + ATP(3) + ... + ATP(n),

where n is the limit of run-off.

"\‘\{ Insureware

The Concept of Risk Horizon Perspective

Quantification Requirements- What do we need to compute
Sl metrics?
For the calculation of the Technical Provisions, Market Value Margins and SCR for both the

One-year Risk Horizon (and Ultimate Year Risk Horizon) for the aggregate of all long-tail
LOB'’s and each LOB separately the following critical information is required:

Probability distributions of paid losses (liability stream) by calendar year (k =1,.,n) and their
correlations, for each LOB and the aggregate of all LOB’s

Probability distributions of total reserves for each LOB and the aggregate of all LOB's.
Probability distributions of the aggregate paid losses from calendar year k to calendar
year n for each LOB and the aggregate of all LOB’s. This is required for each k ranging
from 1 to n, where complete run-off is achieved at the ultimate calendar year n

Conditional Probability distributions, conditional on the first (next) calendar year being in
“distress”.

Armed with these distributions any risk measure can be computed, including VaR(k) for the
paid losses (total loss) in calendar year k; and Market Value Margins, Technical Provisions
and VaRs conditional on the first year in distress, for each LOB and the aggregate of all LOB's.

M Insureware

Risk Capital — One Year risk Horizon

Simplest Case: Only One Year Runoff
L, = projected losses for the year. This is a random variable.
BEL) = FEDf | o Where d =imterest . Losses ae pad
uniformly through year, so we discount for half a year.
chfseizh SCR(1) = VaRog s(Ly), ie. Pr(L, < E(Ly) + SCR(1)) = 0.995

MVM(1) s the cost incurred in havingrisk fund of SCR(1) available for the
et TR) year. It is paid to capital provider at end of year and so is discounted by a full
year.
MYM(1) = S22, ifthe interest on the risk fund is paid directly to capital

provider, or MVM(1) = <5, oherise.

TP(1) = BEL(1) + MVM(1). This is the Technical Provision and must be held in company own funds.

We will also let, P(kd), or PVk) be used o abbreviate the Present Value factor 1/; i

o




Risk Capital — One Year risk Horizon

8/14/2012

Next Simplest Case: Two Year runoff, No correlation

Mym2)

BEL(1) el

BEL(2)

BEL(1) = E(L,) « PV(0.5)
BEL(2) = E(Ly) « PV(15)
MVM(1) = VaRsqse,(1) = 5 » PV(1)
MVM(2) = VaRgy54,(2) « 5 » PV(2)

The Technical Provision (TP) at inceptionis the
sum of the individual year TPs:

" TP =TP(1)+TP(2)

This amount needs to be available in company
own funds to ensure that losses can be met up to
99.5% or 1/200 risk level in eachyear
Aggregate losses upto the value of the meanare
met out of BEL funds, excess losses are met from
the SCR fund, access to whichis financed by
MyMm.

M imsureware

Capital flow: Uncorrelated future calendar years

Risk Capital
« Raised using
MVM(1) in year 1
BEL(2)
Technical
Provisions | BEL(L)

« Held by company

Required Capital al
Year 1

For losses.
exceeding the
mean; surplus Risk
returned to .
capital provider l Capital
+ Raised using
MVM(2) in
year 2

Premium for risk

capital; paid to
capital provider

Technical Provision

BEL(24)

AN

A Required Capital at
Year 2

For losses during
year 1; surplus
retained by
company.

]‘X Insureware

Risk Capital — One Year risk Horizon

Uncorrelated future calendar years

In respect
ot

1 ﬂ

Year |

[ Eaeeee

Technical
Frovision

b .

Two-year picture of accounts: In year 1 we require reserves to meet paid loss liabilities for years 1
and 2 and we also need to able to fund the cost of access to the risk capital funds for years 1 and 2,
however we only need access to the year 1 risk fund. When year 2 begins our accounts reset, since
any cost over-runs from year 1 were paid out of the risk fund and do not degrade our prepared
reserves for year 2. Provided the loss over-run is below RC(1) = VaRgg 5(L1).

]‘X Insureware




Risk Capital — One Year Horizon

This is fine, except for one thing:
What if the distribution for the losses in year 2 has changed
conditional on the losses in year one?

Simply put, the previous picture assumes there is no correlation
between the distributions for years 1 and 2. In other words,
whatever the outcome observed after year 1 we are going to
remain fixed on our previous course, full steam ahead

Typically calendar year distributions are positively correlated.

The correlations are driven by parameter uncertainty.

M Insureware

Risk Capital — One Year Horizon

4= theconditon that yea Lis in distress 11
The59. 5% persente

- Riskopital |
Fund

| Tetsicl

- m sy

If year 1 is in distress at the 99.5th percentile, then our risk fund carries us over into year 2, but the
conditional distributions are now different. Year 2 now must be re-evaluated in the light of conditional
distributions and these increase the size of the BEL and the MVM, the cost of holding the risk fund.
We need to include these adjustments in the year 1 risk fund.

M Insureware

Two-year runoff with first year in distress

Let § = Year 1 in distress VaR(1) is consumed.

r MVM(1) = spread*SCR at

Why is AMVM(2) disc by 1 year year end (and returned
scrd and MVM(2) by 2 years? along with risk free rate).
L VaR(2¢) is raised in year 2.
(VL) SCR
U5ED AVaR(2)
VAR(2E)
»d BEL() e }
ay e } vmeR
BEL(1) BEL(1) TP2D)
BEL(2) :|> BEL(22)
Inception Year 1 Year2|&

M Insureware
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Capital flow:
Two-year runoff with first year in distress
Risk
gl Captal
Tenalnce economic Rasedusng
\ MVM(2) 3
e { [N S et
Risk Capital - capital provider 1is in distress.

+ Raised using MVM(1)
inyear

Premium for risk
capital; paid to
capital provider

AMMR)

for year 2
——
BELRY)
Technical Provisions J BEL(24)

* Held by company BEL)
—

Required Capital at v Required Capital at
vear 1 Vearz

For losses during
year 1; surplus

tained by -
company. DK Insureware

N-year run-off (Correlated)

T TP = EBEL(K) + EMVM(K). k=11on
—_— SCR = VaRy, ,(1)+ Z[ABEL(K) + AMVM(K) k=2to n
Y TR
ol [t
p— T
B s r— _L:_[ARF‘
FETE | [T ]
o Valy ol1) AVak)
)
™ . ValRss {2
BEL) Criie T
o - | Fme0
- et
sty s v [ Frovn
L ) = e oeng
Inception Year 1 Year2|% - Yearn|E

&= "Year 1 in distress

]‘X Insureware

Two-year runoff with first year in distress

« There is sufficient risk capital SCR and Fair Value to withstand
a distressed first year at 99.5% confidence and restore Fair
Value at beginning of the second year.

« Animportant consideration is that fungibility by calendar year
is only in the forward direction.

Consistent metrics on updating from year to year- under what
conditions?
See also E&Y GNAIE paper (2007)

“Market Value Margins for Insurance Liabilities in Financial Reporting and
Solvency Applications , October 1, 2007”

Full solution — see last slide.

]‘X Insureware
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What Causes Distress in the first year?

-

. “Inflation parameters” going forward. For example under the
assumption 10%+_3%, a 60% trend is distress.

. Process volatility- large values from the tail of lognormal
distributions.

. Combinations of 1. and 2.

Which LOBs contribute more to distress than others?
« Process volatility

« Parameter uncertainty

- “Size” of LOB

N

» w

M Insureware

Conditional Statistics from Simulations

Begin with a large number of simulations of the entire forecast
table. This provides an equal number of sample paths through

all future calendar years.
¥ Insureware

Conditional Statistics from Simulations

Determine the sample paths corresponding to the distress
scenario. If this is “next year at 99.5™ percentile”, then these

paths belong in the [99.5, 99.6) order interval.
¥ Insureware

8/14/2012
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Conditional Statistics from Simulations

s0010000 A
prm— /

P

10010000

0

AT
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.
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Restricting attention to only these sample paths we can then
calculate any conditional statistic, such as BEL(k)|E,
MVM(k)|E, VaR(k)|¢ etc.

z‘% Insureware

Multiple distress years

In the previous solution, only the first year in distress is

considered.

What if receiver also subscribes to Solvency I1?

Fair value should include allowance for subsequent years also

being in distress.

One way to allow for this is to analyse subsequent years being
in distress irrespective of the losses observed in previous years.

;‘X Insureware

Three Year Run-off with One-Year Risk Horizon All-
Inclusive, risk-free rate is 0.

o e
2,VM(2) | A MVME) AVaR@ |
AP s
APELE) c ABELE) P | [ avaram® |
>
A,BEL(2) R ABEL(2) o A,BEL(3) RC AVaRygu(3)
Re
M ) G
v MVME2) [ o] AMMG)
u
MM =5 RO [ww ] [ =s+re | W) e
N BELG) L) SBELR) "
— o)
€ BELE) [ ABELE) | ABEL(3)
= T =a T BT
Vear Lncepton_| [ a1 | [ Yearzis, | [Cvearsig.g |
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Three years in run-off

AMVM(E) = 5 * AVaRas4(3) * PU(2)

8/14/2012

TR TR ) | A
ATP
ABEL(3) = (E[L(3)IE] - E[L(3)]) * PV(L.5) A;MVM(3) =5 * A;VaRg s (3[82) * PV(1) AVaRsgo(3)
ABEL(2) = (E[L(2)l&] - E[L(2)]) * PV(0.5) A;BEL(3) = (EIL(3)I€:] - E[L(3)) * PV(0.5) A:VaRg5(3)
VaR  VaRgs(1) VaRgs(2) VaRgs(3)
MVM(3) = s * VaRgg5(3) * PV(3) A,MVM(3) =5 * A;VaRag 5u(3) * PV(1)
MVM  MVMQ) =s*RC(2) * PV(2) AMVM(2) = 8 * A,VaRg 5x(2) * PV(1) AMVM(3) = § * 4,VaRq 5x(3) * PV(1)
MVM(1) =s* RC(1) * PV(1) MVM(2) =5 * RC(2) * PV(1) MVM(3) =5 * VaRss5(3) * PV(1)
BEL(3) = E[LEIPV(25) ABEL(3)= (ELL(3)iE] - EIL(3)) * PY(0.5)
BEL  BEL(2) = E[L(2)]'PV(1.5) ABEL(2) = (E[L(2)[E,] - E[L(2)]) * PV(0.5) ABEL(3) = (EIL(3)IE.] - EIL(3)]) * PV(0.5)
PP —— REpS——" SEL)= ELN P09
Inception Year 2| §, Year 3[¢,.&,
Four Year Run-off with One-Year Risk Horizon All-
Inclusive, risk-free rate is 0.
A, MVM(4) AMVM(4)
AMVM(3) AMVM(3) AVaRy 54(2)
AMVM(2) ! \VaR s 5u(3)
. A 2) s AMVMR2) A,TP AMVM(4) A; (3)
ABEL(4) C A,BEL(4) A;MVM(3) A,VaRsg 5i(3) AaVaRyo su(4)
el (N ) T e |FC A MVME) )
ABEL(2) ABEL(2) ABEL() A4TP| A;BEL(4) RC | AiVaRysy(d)
"
MVM(4) AMVM(4)
lva MVM(3) A,MVME3) A MVM(4)
M) [ amwie) M) )
D) = 3+ SR ) [ VM) (e
TP(3[6,. 6.6
BEL(4) TP(3[6,.£2) A,BEL(4)
B BEL(3) TR(1) TPk ABEL(3) ABEL(4)
2
R [ oema =) )
= [em0 | [ w0 e e
[Fame] e | [ | [wsss | [eeeines]
Sheet - .
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A single composite model for two long tail LOBs

Two LOBs written by the same company rarely have the same trend
structure (including in the calendar year direction) and often process
(volatility) correlation is either zero or very low. Reserve distribution

correlation is often zero and if significant quite low.

No two companies are the same in respect of trend structure, and
process (volatility) correlation is often zero (for the ‘same’ LOB).

No company is the same as the industry, unless it is a very large
proportion of the industry.

All the above are demonstrated with real life data.

;‘K Insureware
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A single composite model for all long tail LOBs

« For each LOB the corresponding model measures the volatility
in the LOB with easily interpretable parameters.

« The model has descriptors that describe the risk characteristics

of the data.

Simulated triangles (including Bootstrap triangles) are

indistinguishable from the real data in respect of statistical
features.

« Forecast assumptions going forward are explicit and auditable.

« Asingle composite model also measures the correlations
between the LOBs.

« There are three types of correlations between LOBs leading to
reserve distribution correlation.

le Insureware

Sl metrics for the aggregate of six LOBs compared with SIl metrics for the most
volatile LOB- risk diversification of SCR and TP

Trends and volatility are unique to each LOB
« LOB4 is the most volatile of the LOBs

‘x Insureware

Sl metrics for the aggregate of six LOBs compared with SIl metrics for the
most volatile LOB- risk diversification of SCR and TP

* Model for LOB 4

woma P | 002 L | LOB3 P LEE4FLI | Lons L | Lons e |

pea

a
ST i RN AR RERTE G G 0 01 5 0204 06 8 68

VLE Vaance v Dev YT

Woh e BRI 00 20 6 M EEEE s R
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Sl metrics for the aggregate of six LOBs compared with SIl metrics for the
most volatile LOB- risk diversification of SCR and TP

« Diagnostics for LOB4 illustrating normality satisfied. But process
variance (volatility) is high

Lom P | L08R | LOB3FRY L0 LA |L0BS P | Lo FL |
K Dsanatic Pa |- uters | 7] Ridunt i |

oagEuNTEA

=200, Pased i gastar han 15, R = 05945 =28, He. e

Vi Res Bu Pl Wig Res el Densh

DK Insureware E3

Sl metrics for the aggregate of six LOBs compared with SIl metrics for the
most volatile LOB- risk diversification of SCR and TP

* Forecast table for LOB4- note there is no analytical closed form for the sum of
lognormals

« Black:
— Fitted mean

Agegatn | LOBY:PLDN | LODZPLI | LOBRPLI) LDDEPLI | LOBSALN | LOBEL |
Accident Period ve Development Period
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Sl metrics for the aggregate of six LOBs compared with Sll metrics for the most volatile

LOB- risk diversification of SCR and TP

« Forecast table for the aggregate of the six LOBs

Aoepa | L0010 | LODZPLIN| LOBXPLIN| LDBEPLU | LOBSPLY | LOBEL |
Accident Period va Development Period

« Black: ] e o e
ot s
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Sl metrics for the aggregate of six LOBs compared with SIl metrics for the
most volatile LOB- risk diversification of SCR and TP

« LOB4 is the most volatile of
the six LOBs (CV=49%)
« CV of Aggregate is 7.14%

Substantially more Solvency Il
risk capital required if LOB4
was written on its own. It has
a CV of 49%

Aggrogate | LOBY-PLDN | LOBZPLIN | LOBI-PL) | LOB4.PLY) | LOBSE < | ¢

[C] Summany by Datosets | _H] Ace. Ve e
(7] Obscaved va Meon Esimse | ' Losa Rotios | I incumed Lossea
%y %) Dittremces | I Sunmay Gragha
[ st 24 LB Compisans

CV (%) of Reserve Distibution by LOB] |

M = —
I

LOB1 LOB2 LOBY LOB4 LOBS LOBS
v ot s e 7105,

cn3ABRBRES

M Insureware

Liability stream by calendar year and calendar year correlations for the

Aggregate of the six LOBs

8/14/2012

52% of reserves paid within two years (2011).

Calendar year correlations low and reduce

Aggeogate | LORY.PLY) | LOBZ LI | LOB3PLIN | LoBA L | 1t ] b
7] Obsorved v Moan Etimste B Lovs tion
1 Incaned Losses Xy (%] Differences

quickly
Aggogate | L061.PLO) | LOBZPLN | LOB3PLIN | LoBaPLO | 14+
] Obemrred vs Moan Evtimste W Love Rotion
1L incured Losses y (%] Difterences

'S | sters |

[ Summesy tp Duaisats | _HAcevie ] Cal e

Sunmany | Risk Copital Alocation | Cosclotions | Carrelotians 4] *
Calendar Yr Summary

Calendar  Mean  Sndad V| Cum. Payment
¥ Ouistanding  Dev. | Oulstanding| as%oftotal

0 | 2001 | a2 | am3 | 2wt

R L L] L un 0 1| nwerzs| nseiss| oz06oma| ozrz)
e i B Lz 204 11 ndawrzs 1| vagoee| oaviszz| osmes
o o, sgeq sut L 2 oneise nazrex] 1 | oasviss| oaseo
ity 298, 338 ao 03 I3 oz ooz nasvss| 1 | osoar
e Vil 2 Lz 1 4 _nzrzne | oaresn | vassezs| osozive| 1
o1 memt 27 L T8 5 ;a0 M nanMe| o4rsers| 0ses
e 231 L8 L 016 0493064 0277083 0352047 | 0436870 | 05254
anr L i = 207 043067 0223763 0204180 | 0300858 | 0.4954
2tk 1303 s wa 018 ansers| narsese| n2ases| 03asasz| oaors
2048 an L8 e 8 0zt 0143 020547 | 0303547 | 0anns
20 L] b1 v anrvins| naseast| nerears | nsarer | nanaa
1 Unit - 51,000 : :

'S
] Summany by Omtasets | HAce Yie . Cal. Yie
Sunmany | Hisk Copital Allacation  Conrlotions | Cometabans L+ |+

(Aggregate - Cal. Years)

™

Liability stream by calendar ye

ar and calendar year

correlations for LOB4- long tail with high correlations

50% of reserves not paid before 2019 (10 years hence).

Calendar year correlations high and do not dampen.
onapu | onapu |
B Loss Ratios incusred Losses B Loss Ratios 1 incusred Losses

o (31 Difteremces | I Summay Graghe | [ Fovenast Setlings | ¥ (%) Diftrences | I Summany Guaphs | [ Forecast Sctings
ace v Gl i | [ Observed vi Mean Etimate

ace v G Y | [ Observed vi Mean Etimate

Sunmary | Risk Capstal Aacation | Cometations | Conelations llogs) || Summary | Risk Capital Alcation  Comebations | Correlations llogs)
Calendar Y Summary Reserve Forecast Correlations Between Periods
Colemdar|  Wean  Smmdard  CY  Cum Paymens © LOB4:PLMY - Cal. Yoars)

o Ouanieg, Dee_ Ovisseey sy & of piel £ EL mz 0my 014 *
A1 S L 58 010 1 0494736 0575858 0.545366 0.5563
2 I i L 2011 04S236 1 0801325 0626761 08417
= o Bl L3 2012 0sESE 0601325 1 0678266 0.6966
i3 e 034 232 2013 0545366 0626761 0678266 1 0
L 1478 L 50 2014 0556340 0641708 0696689 073133 1
215 1340 038 08 2015 0551181 0543084 0708382 0745040 07703
AW 133 2% 3804 2016 0581237 0850213 GTNTT 0748337 07781
= LS L1 s 2017 0SSTIE 0546722 D.706616 0.74TTES  0.7TST
ama 188 i At 2018 0548954 0537882 0699030 0719714 0.7683
21 1551 Lo 02y 2015 05J9ES6  06ZE1T0 Q6830 0.730M62  0.7895
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One-year risk horizon — one year in distress

Aggregate of six LOBs

« Aggregate Solvency Il
capital required (Technical
Provisions + SCR) is the
same as undiscounted BEL

« Bulk of SCR is the VaR for
next year (2010)

Stammay | obreecy 1 G| Sotvancy 11 Chas | St |

8/14/2012

Metrics Summary MVM, SCR and TF as
Tl % of BEL
= sonasa| s SoroeL s or e L
— 12> SR 1 880
Technical Prowsion 21113 _w0a00] |y o e
™ wmn 80,15
e 49160 1) |y, gcr 1200 1135
L_1J anrer 2684] | rposcr | 1ap0 sar
sc 56922 1000
Tochwical Prowsion 621,715 9023
sc ss2  am
1P+ SR 31 _wase
Uit =31,000

All calculations assume: risk free = 4% and spread = 6%

M Insureware

One-year risk horizon — all years in distress

Aggregate of six LOBs

« Aggregate Solvency Il
capital required (Technical
Provisions + SCR) is 6.6%
higher than undiscounted
BEL.

« Main difference MVM

* Bulk of SCR is the VaR for
next year (2010)

Stamny | Sabvency 1 G | Solvancy W Chads | Setings |

Melrics Summary MVM, SCR and TP as % of BEL

% 0fBEL | % of Undise BEL

Vo | % [
= wasn2| was|[ sen | me 1022
v wete| oul|[ ww | oz )

Tecmica Proason|_o72108 | s0000] || 1p | 11027 s03

|i-ocr 2195 120
Ve, | _ss7i] sasa] | pescR | wres
omate | aes wa
= Ry
Tochnca Provsion|_672708] 9042
SCR 7123 958
esca [ a3 wow)
Um0

« All calculations assume: risk free = 4% and spread = 6%

M Insureware

One-year risk horizon
LOB4

« Solvency Il capital required
(Technical Provisions +
SCR) for LOB4 is
substantially higher than for
undiscounted BEL

« Bulk of SCRis Delta TP —

Sy | Sobvuncy W i | Seboemcy I Chas | Setings |

Metrics Summary MVM, SCR and TP as
™ % of BEL
S LI |%of BEL % of Undisc. BEL
Nuii. d A7 ScR | weae 533
Technicai Provsion 814 10000| | o apar |
w | war 0]
L . MVM - SCR 11425 76.96
Dia TP 203 MO TP+ SCR _ 21425 14491
scn 15 to000

Technical Provision

T
sca sy asar
TP sCR 11zms | j0n00

1uni 51,000

capital required to restore the balance sheet should the next

year be in distress

M Insureware
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One-year risk horizon

Comparing the aggregate of six LOBs with LOB4

8/14/2012

For the aggregate Delta TP is small, but large for LOB4 as a % of BEL

Sumasy | Svency Gt v Chos | tings |

BEL, MV, VaR, Delta TP at 2009 (%)

oEBEEEBIRRE

Summary | Savency I G Scboney i Chss | St

BEL, MVM, VaR, Delta TP at 2009 (%)

&
0.
&
5
40
£
2
10
0

Aggregate of six LOBs

LOB4 only

;‘K Insureware

One-year risk horizon

Comparing the aggregate of six LOBs with LOB4

Summry | Savency I G Sebvency i Chss | Sutings

Summary | Svency I Gt Suvency I Chss | St

[ BEL, MV, VaR cond. 2010 is at the 99 5th quantie |

| BEL, MVM, VaR cond. 2010 is at the 99.5th quantie |

140,000
120000,
100,000,
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]ﬂﬂﬂﬂﬂEEEH@;DﬂDDuunumuunm
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200
000
18000
16,000
14000
1

i |

MATIE T 1021 202527 20 31 13 35 37 30

[

Aggregate of six LOBs

LOB4 only

X Insureware

One-Year risk horizon
Aggregate of six LOBs

Which LOB is in distress if the aggregate is in distress?

Summary Sebrency 15 | Sarancy 1 Chse | St |

Metrics | Distress Sample Poths Distinss Sampios apiot |

LOB3 and LOB1 are in
distress if the aggregate
is in distress

Why? LOB3 and LOB1
have the bulk of the
payments in the distress

n

Distress Samples Boxplot (LOB tolsls in % of agaregaie)

year (inset).

}\( Insureware
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8/14/2012

Ultimate Year Risk Horizon

Alloation to year k

+ Allocation of capital
in the Ultimate Year
Risk Horizon framework

£
i

Z‘K Insureware

Ultimate-year risk horizon
Aggregate of six LOBs

Samvay | Ul Bisk Hosicon G | U sk Haricsn Charts | Suitings

+ MVM is calculated based iy SRR et
[ —s sl
on the VaR ‘to run-off’ for o B LeIEEL R olatnc Bl
v | R I
each calendar year — ——— | a8 wwass
+ MVM is around 10x the BT | e ——
one-year risk horizon’s e T T
MVM
o
e
s
.
==
==
s HHuuUUDUHUDDUUDDDUUDUUDDua--_

X Insureware

Fungibility and Ring-fencing
by example — drawing on the risk fund

Unexpected loss
Mean: LOB1 + LOB2

Drawing on risk fund if LOB1,
LoB1 LOB2 fungible
Loe. RN
Drawing on risk fund if LOB1,

LOB1 + LOB2 _ _ LOEZ not fungible; surplus
retained in LOB1

~ Inthe case of fungibility the risk fund is smaller since it is expected to be
by surpluses from other LOBS/portfolios.

X Insureware
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Consistent estimates of prior year ultimates and
Solvency Il Risk Measures on updating

« Total reserve increases from year to year (with same accident (underwriting)
exposure as previous year)

What does a calendar year trend (inflation) of 5% imply in terms of
estimates of prior year ultimates, loss reserves and premiums (per unit
risk)?

*« AXIOM

Calendar year trends (inflation) project (impact) both the prior and future
accident (underwriting) years

Here is a simple example that illustrates the main ideas that reserve
increases do not represent under-reserving. Indeed, they are necessary in
order to maintain consistent estimates of prior year ultimates as the company
writes new underwriting (accident) years).

"\‘\{ Insureware

Consistent estimates of prior accident year ultimates
and reserve increases on updating

« On alogarithmic scale the data were generated as follows

¢ Y(w,d) =10 -0.3*d +0.05 (w+d-1) where w is the accident year
1,...,7and d is the developmentyear O,..., 5.

« The numbers down each column increase by 0.05 on a log
scale (approximately 5% annual). The numbers along each row
decrease by 0.25 (=-0.3+0.05) on a log scale We have
assumed that the paid losses run-off after five years. Even if this
is the case for 1999, this may not be the case for subsequent
accident years especially if inflation is 'high’

M Insureware

Consistent estimates of prior year ultimates
and Sll metrics updating

Reserves and ultimates as at year end 2004
ident Period vs Development Period

M Insureware

8/14/2012
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Consistent estimates of prior year ultimates
on and Sl metrics updating

Reserve and Ultimate as at year end 2004 Reserve and Ultimate as at year end 2005

1.051267467|
1061276745
1.061266156|
1.051269499)
1.051277438}
1051273016}

1.051266279)]
Ratio of Reserves

1. Estimtes of ultimate losses by accident year (1999- 2004) remain the same on update at end of 2005
2. The ratio of ultimate for year t to year t-1 is 1.05
3. Increase in total reserves from 2004 to 2005 is 1.05

M Insureware

Consistent estimates of prior year ultimates
on and Sll metrics updating

« Each year the company needs to increase its total reserves by
at least 5%.

* The ultimates for prior accident years will remain consistent
with each increase in total reserves.

Each year the company needs to increase its premium (price)
by at least 5%.

Ultimates increase by at least 5% from one accident year to the
next.

These are not reserve upgrades

M Insureware

Consistent estimates of prior year ultimates
on and Sl metrics updating

« Mack and related methods give inconsistent estimates of prior
year ultimates (on updating) and inaccurate liability streams by
calendar year.

« Bootstrapping the wrong model does not improve the model.

This was all explained on Wednesday!

M Insureware
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Conditional Statistics on next calendar period- volatility in
ultimates on updating.

P B TN . T e oy m——" ——" T p—r—"

ey | Gomiaions |

Accident Yr Summary

- o oo i ca oo
Dev. Ouistanding| Umimate | SMDev.Data| - umData
| [ o o) o e
pevce | N — | - -
pore YR T | —-——r
=) | YT — | -
02000 | 041 001 o502 74,050
195,702 | 041 001 AR 140,005
o) | I |
ey raw| |l || seim| sarser
2005 1,237,422 0.90 002 LS 802,037
2004 ABS5971 090 003 1,204,855 1,320,664
2005 1,803,090 0.40 0.04 1,366,231 1451035
oo vt | B | e
207 | ez ) oar | [ 3w vners
208 saamausesmr| | samen o [ sz s
o iy sz ool | swaarer szasngze
Mlnsureware 6]
Updating and monitoring
End 2008
& — VaR(2009)
2008
End 2009
& VaR(2010)
VaR(2010) = VaR(2009) provided assumptions are
“consistent”™
2009 [£ L

~ Another year 2009

X Insureware
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Consistent estimates of prior year ultimates

on and Sll metrics updating
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Consistent estimates of prior year ultimates

(o]

n and Sl metrics updating

8/14/2012

= WComN:PLI:FTF [good1-1] Madel Displays

Cal_Yr Trends

Calendar year trend has not
changed statistically on updating

* WCom 1H:PL{1):PTF[g00d 1 1]:Model Displays

Cal. Yr Trends

R LX)

B85 95 97 S 0001 07 2 M4 05 06 07 08 0%

M Insureware

Con

sistent Estimates of prior year ultimates on updating
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Atend 2008, ultimate 2008=64.9+_5.8, at end 2009 66.2+74A2‘2é< Insureware

Consistent estimates of prior year ultimates
on and Sl metrics updating

M

Calendar Year 2010

is

10% higher than

M

2009.

= WComN:PL(1):PTF [good1-1]:Reserve PALD Sum... [ [B1|X]
AN Statistics | Col ¥s: Total | Simulated Vahues | Quantite Summary |

Sample-Based Statistics

Calendar| Sungle Tre Sanple Sample | Trae | *

vew | Mem | Men  Meww | 5D SD
a0 | s msssem wamman

Lz Ly

Total | 19.555575 49359909 a9.357.193) | sanzzo -
1,000,000 S

AN Stafistics | Cal Yr: Total | Simulated Values | Quantile Summary |

Sample-Based Statistics

ean Reserve for

Calendlar|  Sample True Sample | Sumple  Tme
Year | Mean Mean  Median SD. 5D,

approximately

sa20m503 | | 477800 477063

ean reserve for

Tol | siassaz sasmeaz mzersel | s =
1,000,000 Sisaudations. 1 Unit= £1

X Tnsureware

24



Consistent Sll metrics on updating

= WComN:PL(1):PTF [good1-1... [C [BK]
Sciency Il Gad | Stvancy i Chats | Sokrency I Gl | Safveasy  Chas |
Sirmmis | Monice | Setigs | e | ks | Saiogs |
[rE——
wEL e s
e amazn| 2o

Techndead Provision 33633303 108 001

Va2 VaRn0) 1eamem asar
DelaTe DetaT? 17 s
s scR 0 uzem e ows
T scR 32 550 Trescr T
SCR = 15975 ot BEL SR~ L3740 of BEL
e 1 Unit= 61

Solvency Il calculations with no discounting: MVM for 2010 is almost the
same as for 2009, and so is SCR.

"\‘\( Insureware

Consistent Sl metrics on updating

= WCam:PLU):PTF [good1-1]:Reserve Solvency || Melrics
=3

Reduction in TP offsets

increase in VaR to produce
slightly lower SCR.

= WCom 1N:PLI:FTF [good1-1):Reserve Salvency Il Metrics
b o S # s

BEL. MVM. VaR. Delta TP at 2009

CEe. mww  Civsgn mowr
T

8/14/2012

Consistent Sl metrics on updating

= WEamM-FL{\PTF[good1-1]:Asserv

Break-down by future calendar year,
shows same pattern but scaled up.

Metrics based on the first year being
at the 99.5th percentile.

HHHHBEEEEE_

A1 1213 14 15 18 17 18 18 20 21 22 23 24
(o 7Dt v i v |
s
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Two LOBs with common drivers- Example 1- same
calendar year trend structure and high process correlation of 0.85

LOBA LOBB

Two LOBs with common drivers- Example 1- same
calendar year trend structure and high process correlation of 0.85

Process correlation adjusted for the average calendar year trend for each LOB
= sum of trend correlation + process (volatility) correlation

w2
SR -BF

i
FE - h-B-0-6-0-5-FHI-LEE

P -

L TITRD

Residual plots by calendar year LOB A (left) LOB B (right)

Blue lineis trace (versus accident year) of (single) calendar year (2006)

Process Correlation = 0.85
ZX Insureware
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When do two LOBs (LOB A & LOB B) have common drivers?

Wid Std Res vs Acc. Yr

*Two LOBs have “same” trend structure and high process correlation
#Visible in trace of calendar year 2006 versus accident years.

*Note high process correlation (of 0.85). jxlnsureware

Three LOBs with common drivers- Example 2
Identical trend structure and high process correlation exceeding 0.9!

Process correlation, trend (parameter) correlation, same trend
structure and reserve distribution correlation

* The above two examples are not different LOBs!
» The firstis E&O D&O gross and net of reinsurance
+ The second example involves three layers of a medical

malpractice LOB; Lim 1Million, Lim 2Million and 1Mxs1M. The
triangles are additive.

* Two LOBs written by the same company rarely have the same
calendar year trend structure and often process correlation is
either zero or very low. Reserve distribution correlation is much
lower.

+ No two companies are the same and process correlation often
zero (for the ‘same’ LOB)

* No company is the same as the industry
¥ Insureware

8/14/2012
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Small company (exposure) versus industry auto Bl
New South Wales Australia

Com|

pany

Calendar year trend for company is zero, whereas industry it is huge!
(Company also has much higher process volatility) m Insureware

S&P Syn Thesis 2010- RSA vs Allianz vs AXA vs Aviva Commercial:Fleets- each
normalized by number claims reported in dev period zero

No two companies are the same in respect of trend structure!

05 (3 @ O eern | P Teiate G T FIF | Mt |15 6000 56 55 s |5 e 56 pe |56 r |
S x- ME-wY 40O EEB-EEA-C K- A& g

N N N N ';Q(Insureware 22

S&P Syn Thesis 2010- RSA: Commercial Fleet vs Employers Liability vs
Professional Indemnity vs Product and Public Liability- no relationships!

o T own o e e oo e
OO S [568 D  Dutubemn| D Tranmie G | P PTF IS MPTF |1 ELRF | 5 LT |56 MLRT | 5 PRCY 56 PEE |56 FL |
H-m-r - | T K080 - - R - b - X ke - PG e e G

8/14/2012

Ervsiavonc A4 T G4 - D | Erwsa 4 108,
FSA Com FLPLA) PLI | RS P boders L) | F5A Prod Pl Lish PLIT | RESA Gom FLPL

Vi 05 M TG 2] Moo Dy =]
ELPLO) | 5 Pra It P | M58 P Pl i PLY |
=

5758 41 O ormposite, 05 M (G 4 it Diep
FISA Com FLPLI | RSA ELFLD) 154 ot i P10 |
=
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There are four types of correlations between LOBs

1. Process (volatility) Correlation (that is, correlation between two sets of residuals)

2. Parameter Correlations
3. Same trend structure (especially along the calendar years)
4. Reserve distribution correlations

#1 induces #2. However, #3 is the ‘worst' kind of relationship you can have between two
LOBs as it results in very little, if any, risk diversification. It means that in terms of future
calendar year trends the two LOBs move together, that is, a trend change in one LOB
means a trend change in the other LOB, and is tantamount to the two LOBs having the

same drivers. If two LOBs satisfy #3, then #1 and #2 are close to 1.

Fortunately, #3 we have only observed between layers of the same LOB, between
segments of the same LOB, and between net of reinsurance and gross data (of the same
LOB). #1, #2, #3 induce #4. #4 is typically much less than #1 in the absence of #3.

It is important to recognize that you cannot measure the relationship between two LOBs
unless you first identify the trend structure and process variability in each LOB. It is only in
the Probabilistic Trend Family (PTF) modelling framework that you can identify a
parsimonious model that separates the trend structure in the three directions from the

process variability.

),X Insureware

Two LOBs: LOB1 and LOB3
Actually same LOB different territories

LOB1 LOB3

Both LOBs have a calendar year trend change in 2000

That should be regarded as a concern!

';x Insureware

Two LOBs: LOB1 and LOB3
Actually same LOB different territories

Process correlation=0.35
LOBL LoB3

Wtd Std Res vs Cal. Yr Wtd Std Res vs Cal. Yr

Note 98-00 slight negative trend, 00-02 slight positive trend and 02-03 zero trend LOB1 and
slight negative trend LOB3.

';x Insureware
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Two segments of WC
Each segment only adjusted for development year trends

Accident year parameter correlations equal 1 after modelling accident years- major
implications also for future underwriting years, where correlation in distributions of ultimates
exceed 0.99

"\‘\{ Insureware

Reserve distribution correlations between two
distinct LOBs- a very different story

+ Highest process correlation observed between two
different LOBs is about 0.6 (in our experience)

+ But Reserve distribution correlation is typically lower.
» Trend structures for two LOBs typically different
+ Parameter correlations low or zero

See Private Passenger Automobile (PPA) versus

Commercial Auto Liability (CAL)for Berkshire Hathawy
below, for example

M Insureware

Risk Capital Allocation

Line A:

Res. $100m
CV=5%

Line B:
Res. $50m
CV=15%

\/

Aggregate:
Res. $150m
cv=?

Assume Risk Capital at 98"
percentile = 2 Standard Deviations

Risk Capital for Line A = $10m
Risk Capital for Line B = $15m

Aggregate Risk Capital (ARC) =
$25m ?

M Insureware
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Risk Capital Allocation

u

. percentile = 2 Standard Deviations
Line A: Line B:
Risk Capital for Line A = $10m

Res. $100m Res. $50m

CV=5% oV =15% Risk Capital for Line B = $15m

Aggregate Risk Capital (ARC) =

$25m ?

Aggregate:
Res. $150m The answer depends on the correlation.
cv=? If Corr = +1.0, ARC = $25m

If Corr=0.0 ARC =$18m

A‘K Insureware

Risk Capital Allocation: Diversification benefit

Benefit =

Sum of individual risk capital
assessments — aggregate risk
capital assessment from joint
distribution of the two (correlated)
lines.

Diversification benefit for LOB A+ LOB B

Bl 05 0 05 1
conrelation

A‘X Insureware

Berkshire Hathaway Schedule P 2006
No LOBs have the “same” tend structure and most LOBs have zero process correlation. Consider Private
Passenger Automobile and Commercial Auto Liability

LOB PPA LOB CAL
)

Note LOBs have very different trend structure and process variance

}\( Insureware
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Berkshire Hathaway Schedule P 2006

8/14/2012

LOB PPA

LOB CAL

Note zero process correlation. Blue lines represent trace of calendar year 2006

"\‘\{ Insureware

Forecast lognormal distributions (and their correlations) for each future
cell for each LOB based on an explicit forecast scenario

3202436 1525575 1007844 413244 104493 86317 2

% 3205785| 1514880 1022967 | 416568 ages| 7268
3483730| 1649509 1197652 aa67es 12075 69606 3

e 3352483 | 1663027 1138227 11242 LA 8282
arwes| 1783347 1204620 62022 296358 169045 6048 4

e 3,734,136 | 1840895 1,207,184 28731 16318 10358 11854
4011063 1926056 1599904 662204 366308 196740 106393 &

e 4,008,508 | 2020277 78,001 38777 238IT 14966 15464

Total Fitts d/Paid 2007 2008 2ovs 2000 201
Cal. Per. 25900666 2671636 1199957 69934 W7261 173851 8
Total 26 968 538 87Tz 65861 37606 25695 15418 1

1 Unit =$1,000

Blue is observed, black is mean of lognormal and red is standard deviation of lognormal

M Insureware El

Berkshire Hathaway Schedule P 2006
One Year Time Horizon- “Change” in Ultimates conditional
on next year’s paid losses?

Related Question:

When do estimates of prior year ultimates stay consistent on updating (next valuation period) ?

No need for simulations! Why?
L oy g s aga e e | amvmoe b e e
ummary | Resk Capital Allocation | Coselations | Comelations flogs) |
Accident Yr Summary
. r.‘ Mean ov Cond. Per.
| Qutatanding | Outstanding| Uttimate | Std.Dev.Oata| +UtyData
1898 ap4s28 024 001 54,108 80,437
2000 684,421 020 002 81086 12726
2001 1169084 0.16 002 1agT 149,061
02 1726.108 0.4 003 180,697 167.704
2007 2,012,700 0.12 003 180,312 186,797
2004 2967607 0.10 004 240,509 198,045
2005 4095219 0.10 0.08 236,132 382,302
2008 0.14 0.12 711882 1,176,113
Total 008 003 A7z 1ere0m|
1 Unit = $1.000
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Which risk characteristics of the data do calendar year
payment stream distributions depend on?

1. Base development period trends, and

2. Calendar year trend assumptions for the future

O v e ey e rorecast

ageegste | BN HOFO:PL1Y | B PP | B9 CALFLE | 89 /C.PLI) | BN CHP-FLR) | B9 MO PLN | BH |

L scwestones | Fxmowemses | I sommupiiogne | Flousm | i
O sommury tyDotonens | _flace v o e T Obsorved va M
Summany | Risk Captal Alocation | Conetotisns | Couctotions legs |
Calendar Yr Summary

Ve Sundird| Y CumPaymenc®
Gutstanding  Dev.  Outstanding 36°% of toesh

TH22080| 1088620 [z 2109
2008 owrEm  e1ssar B2 6218
2008 | 34saemo %e3sm o &7
2000 | 2466501 292626 012 m
2001 A7 2s2m o 508
1 1202086 192478 016 909
2013 ToTEE 139008 s 327
201 605861 107567 ozt 9538
01 1572 85ET3 o4 #5585
0 202 6TeE0 0zr 7350
207 20 5T o3 9356
018 1arae | dzam ou 20|~

M Insureware

Distribution of Aggregate Reserves=Sum of all
lognormals for each future cell for each LOB

1 Unit = $1,000,000,000

Note skewness (even) of aggregate distribution. Mean=23.9B,
VaR at 95%=3.6B and T-VaR at 95%=5B

M Insureware

Reserve Mean by LOB as percer

Mean Reserve as a % of Total Reserve, and
Reserve CV of aggregate versus CV for each
LOB.

WC has largest CV but is not smallest LOB by
Mean Reserve

ReA has large CV and is not so large proportion
of total business.

Resenve distribution correlations essentially zero!
CV (%) of Reserve Distribution by LOB

of.

CV of aggregate less than most CVs

;‘K Insureware
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Risk allocation based on a variance/covariance
formula

D T ———
Aauregate | BH HOFOPLU | 84 PPAFLO] | BH CALPLI) | BH WE-PLI) | BH CHP-FLI | BH MMOGePLU) | BH MMCmPLI) | BH SLPLI | B DLOG=PL | 1610 |
1 - 1 1L Summory Grogta | [ s | 1 L0B Compaiisans
O summmp by Datosets | e | dGsve | [0 Obsewedvesoonotinate | I inouned Losses
ik Gapits Atocsion | Complotions | Standsed Deviaions |

Tobee Reserve Risk Allocation (Totals,

e
£

ca
ko
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— [ ReKCaptaly OB when Towl Rk Captl s T-veR a 05
Risk capital for ReA if this is

LOB ReA the only line written is not
much less than risk capital for
aggregate of all 15 LOBs! Much
credit for risk diversification by
writing the other LOBs that are
essentially uncorrelated

Total Risk Capital_4.369,548; 1 Unit = $1000

Risk C: by LOB when Total Risk Capital is T-VaR at 95 %

'M Insureware

Berkshire Hathaway Schedule P 2006
Viean and Risk Capital as a Percentage of Total by LOB for T-VaR at 95 %

';x Insureware
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Combined risk charge < underwriting risk charge + reserve risk charge,
for any T-VaR . Why?

Tota Risk Capital 1,435,261, 1 Unit = 51000

Total Risk Capital _5,080,962; 1 Unit = $1,000

Combined Underwriting Reserve

z‘% Insureware

Berkshire Hathaway — Diversification Effects

This graph compares risk Value at Risk as percentage of Mean Reserve
capital, calculated as Value at o

Risk and expressed as a .

percentage of the Forecast =0 e ree

Mean Reserve. Only WC and 20 oy

ReA, two of the high CV lines t

are shown. |

Blue = WC and Green = ReA Red =
WC+ReA =

Black = WC+ReA including next 2
underwriting year.

65 100

8 E)
Percentile for Value at Risk

Orange ate of all BH lines

% Insureware

Berkshire Hathaway, Swiss Re and The Hartford,
comparison by Line of Business

Comparative size of each LOB by reserve for three companies Comparian of CV across thee companies
@ or
@ Berkshire Hathaway
=T mswiss Re
£ %] O The Hartora
|
= " h 1 1
Wl I | & 1
O S F £ g - £ & > B £ P SPFTLSE >
y(;ﬁ‘ﬁfe& WF oL P 3 FFFEN I I F IS TS EE 7€
Lo of Business Lo o uioss

Higher Mean does not necessarily mean lower CV

For PPA, BH Mean>HF Mean, and CV BH>CV HF
For OLOcc,Mean Hart> Mean Swiss Re > Mean BH & CV Hart>CV Swiss Re >CV BH

A‘X Insureware
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WC for BH versus SR reserve distributions by calendar year

iy | sk Capital Allaation | Comelations | Canslations (1o | ey | Rish Caital Aocatio | Conslations | Comelations fogs) |
_ Calendar Yr Summary Calendar Yr Summary
ialendar| Mean  Standard oy Cum. Payment "~ Calendar  Mean  Standard v Cum. Payment
v | Outstanding Outstanding a3 % of total ¥r  Outstanding  Dev. Outstanding as%of total
2007 169,684 020 .46 2007 6488 TTER 028 R
2009 18214 026 284 2008 21282 17816 035 947
2008 83,152 031 ] 2008 TS| TEEOT 042 358
2010 80,408 040 4551 2010 3065 71663 050 6452
201 76,09 051 5435 201 15,136 67018 058 405
2012 78,461 054 6240 2012 283 622% LE 6141
2013 088 8348 2013 Tag57 | o756 ot o735
201 078 7608 201 55040 45668 083 a7
2018 087 8198 2018 9408 38217 050 9481
2016 0 w78 2% 2129 26878 0 9658
2017 10 %098 200 01| ere 110 924
2018 108 390 201 10828 13282 123 8.10
2019 30,833 118 96.58 | 201 8475 8085 140 a981)
1 Unit =$1,000 1 Unit= $1,000

Distributions of payment streams by calendar year are different

These depend on the base development period trends and the assumed forecast
scenario calendar year trends.

:‘k( Insureware

Risk capital allocation (%) by calendar year for WC, BH
versus SR
Risk Capital Allocation Percentage (BH WCPL() - Cal. Years) |

% allocation very different. It is based on a variance/covariance formula that is
afunction of three factors. 1. The future calendar year trend (mean and
standard deviation thereof) assumption, 2. Development period trends and 3.
process variance.

[[Risk Capital Allocation Percentage (SR WCPL(1) - Cal. Years) |

™ Insureware

Summary
All companies are different and no company is the same as the industry.

«Consistent estimates of prior year ultimates on updating can only be maintained within a sound
modelling framework that incorporates calendar year parameters and assumptions about the
future are explicit and auditable. The assumptions can easily be monitored on updating.

*Reserve distribution correlation is usually considerably less than process correlation.

*Segments of the same LOB such as 1. net of reinsurance and gross, 2. indemnity versus medical,
3. layers, for example, limited to 500K and limited to 1M; have common drivers and are highly
correlated.

«Different LOBs very often do not have common drivers. That is, the trend structure (especially
along calendar years) is not the same and process correlation is zero.

* A sound measurement of volatility and correlations (from the data) is essential to calculate risk
capital allocation by LOB and calendar year, irrespective of capital risk measure.

:‘\4 Insureware
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Summary

« Combined reserve and underwriting risk charge < reserve risk charge + underwriting
risk

* Mack and related methods can give answers that are wildly too low or too high and
cannot capture the volatility in the data.

« The identified Probabilistic Trend Family (PTF) model measures the trends in the
three directions and the distributions about the trend structure

« In order to measure the process (volatility) correlation between two LOBs you need to
firstidentify the PTF model for each LOB.

Z‘K Insureware

More information will be available at

CLRS -2012

Insureware’s Hospitality Suite
Sheraton Denver Downtown Hotel, Denver, CO
7:00pm-10:30pm
Wednesday September 5t
Thursday September 61

(Also learn about the Bootstrap technique for testing validity of a
model or method)

X Insureware
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