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INTR TION

No explicit terms of reference were given for the Working Party but these have

been taken as follows:

1. "To consider the reasons for the allocation of «capital of an
Insurance/Reinsurance company between product lines or portfolios of

risks written by that company.

2, To review the effectiveness of the methods available for allocating
capital and to identify the key factors that affect the allocation and

over time.

Inevitably these lead into many related issues and widen the subject matter
considerably, particularly into the realm of solvency levels required to
support the writing of each class of business. This is considered outside of
the scope of the working party as it falls more naturally into the working
party dealing with solvency. Therefore we have considered only relative
capital allocation on the assumption that the capital in total will suppeort
the business written in the period.

In addition to avoiding the question of the absolute level of solvency, the
working party has focused more on capital allocation to support the risk
inherent in underwriting activities of the company rather than others such as
those arising from investment policy exchange rates and security of

reinsurers.

In some circumstances, the risk in these other activities can be of a similar
level, if not more than the underwriting activities., We also explored the

general framework for considering the risks from whatever source,
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The Working Party considers the allocation of capital across classes of
business or responsibilties an important process in the management of a
COMPAaTnY . This preocess should focus attention on the risks for which capital
cover is required and whether the associated returns are commensurate with

those risks.

The paper attempts to deal with a number of conceptual issues as well as
providing a survey of a2 range of methods. The Working Party has only

considered risks arising from the underwriting activities of a company.
In an allocation process we would highlight the following considerations.

(a) It is important to be clear on what constitues capital in particular
where this is "locked in" for example, through the use of non-discounted
reserves. This capital may or may not be fully absorbed within the
insurance operations and therefere the "profit centres” should be clearly

identified.

(b) We need to be clear on the underlying criteriz used to determine the
allocation and the implications on the movement of capital between

classes.

(¢) The allocation process concentrates on the reward for risk but inevitably
leads to the question of solvency and minimum capital lewvels. This

question has not been pursued &and warrants further work.

{(d) The allocatjon to business written in the past has to be seen in a
different light from that looking at the capital required to support
future writings as a result of the greater uncertainties. The evolutien
of the actual and expected capital requirements by class of business is
an important part of the process, in particular the capital deployed to
meet the risk in the run-off of funds relative to the current year's

exposures.



(e) A variety of methods of allocation have been described which range from
simple approaches only requiring regularly available data to those which
are more complicated which recognise and guantify variation of results to
4 grester extent. The latter methods are considered more approprisate,
but further work is necessary to improve our understanding of how these

would operate for a company writing multiple classes of business.

In additional we have identified the following areas of further work in

respect of capital allocation:
(a) Lloyds, Mutuals and Captives.

(b) Assets and exchange risk and the impact of inflatiom. Are there any
links with the work undertaken by AFIR ?

(c) Incorporate non-insurance activities to study the cost of capital between

the various areas and the benefits of diversification,

(d) Extend the existing examples in the paper to more complex situations.

On a personal note, I would like to extend my thanks to my colleagues on the
Working Party for all their efforts in the preparation of the paper. The subject
extends into nearly all facets of the operation of a company and we as actusaries

should be well placed to forge the links necessary.

3. BEASONS POR CAPITAL ALLOCATION

The insurer’'s total capital serves a number of purposes, and the extent to
which capital is required to fulfil each of these purposes determines the
limitations on the insurer’s capabilities. Each of these purposes must,
therefore, be considered in making these economic decisions, or in making 2

meaningful allocation of the insurer’s capital.

Before embarking on a discussion of the various methods that can be employed,
it is important to clarify the objectives of the allocation process. These
have been identified as follows:
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1. Planning

For 2 company to make efficient use of its cepital resource it is
important to gauge the effect of alternative strategies on the capital
available. This in turn leads to an assessment of the profit required

and a basis for management control.

There are also education benefits in this procedure which can lead to a

greater understanding of the impact of risks undertaken and how capital

is deployed.

2. Performance Meagurement

Whether it is a particular product line or portfolio of risks the company
needs to be able to set a premium pricing formula or profit target which
allows for the return on capital, Therefore any assessment of past
profitability requires this allocation of capital. Again there are
education benefits in highlighting inadeguate or above average returns

from particular portfolios or products.

The purpose of the allocation is to work out the cost of capital ie the
amount of return needed to service the capital allocation. Thus

the fundamental objective of making an allocation of capital between
portions of an insurers book (be these portions different classes or
cchorts) is to allow management to make economic decisions which
recognise how each portion of the bock restricts the insurers ability to
write further risks.

WHAT ?

An insurer’s capital resource enables it to provide some guarantee that
coverage will still be provided in the event that the total call on the
insurer's assets arising from such coverage exceeds the insurer’s income. In

such & way the capital acts as a catalyst to the insurance process.

In & US context Kneuer (1986) identifies seven purposes of capital, as
follows:

(i) Capital must absorb any basic insurance costs (claims or expenses)

unable to be met from premiums charged.
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(iii)

{iv)

In the situation where coverage is not deliberately under-priced then
capital is required to meet unexpected inadequacies in unearned premium
reserve, expenses incurred in excess of those included in the pricing
formula, and any excess cost of incurred claims. Claims cost may be
unexpectedly high due to worse than expected loss experience, high
claims cost inflation, inadequate claims control or any other of a

number of reasons.

Capital must absorbd any deficiencies in claims reserves. Capital is

required to fund any deterioration in the run-off of c¢laims reserves,
Many insurers, have become acutely aware of this in recent years as they
have experienced significant adverse development on reserves for
long-tail US Casualty business written many years previously. Where an
insurer discounts its outstanding claims reserves then any shortfall in
the earned investment return relative to the rate of discount must be

met from capital.

Capital must absorb any declines in asset values. Declines in wvalues

of assets taking the shareholders’ funds will reduce the amount of
capital available. Declines in wvalues of assets backing insurance
liebjlities (viewed on consistent bases) must be funded from capital in

order that these liabilities may be met when they arise.

Capital must provide protection against all other adverse financial

contingencies. Sources of loss te the insurer other than the three
outlined above exist. These include:

- mis-matching of assets and liabilities

- default on premium balances held by intermediaries

- failure of reinsurers

- adverse changes in the basis of taxation

- guarantee fund assessments
- casualty losses such as thefts
- foreign exchange losses

- unexpected increases in operating expenses

The insurer may have established a variety of liabilities to reflect the
expected losses from these sources, but capital is required to fund
losses from these sources in excess of those expected if coverage is to

be guaranteed.
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{vi)

(vii)

In each of the four cases detailed above, capital provides a contingency
buffer against unexpected adverse outcomes. A fifth purpose of capital

is to fund expected losses when business is knowingly scld at inadequate

rates.
Capital is required to fund wunder-priced business. Management may
decide to accept some business at inadequate rates. This may be done

for example to maintain market share, to benefit customer relations,
obtain other related business which is more profitable, or more
generally as a result of the insurance cycle. In any case the adverse
ocutcome is certain, and capital must be used up to fund expected losses.
The cepital available should ©be sufficient to fund losses on
under-priced business without affecting its ability to act as a

contingency buffer for unexpected losses.

Capital is regquired to fund dividend payments when income cannot.

An insurer may wish to maintain a stable pattern of dividend payments to
its shareholders, even when current income is insufficient to fund a
proposed dividend. Dividend payments in excess of those affordable

from current income must be funded from an insurer’'s capital.

Capital serves to maintasin confidence in the insurer amongst consumers

and regulators,

Since capital provides for the certain or contingency unfunded payments
described above, it serves to uphold confidence in the iflsurer’s ability
to provide continuing coverage. An insurer is required by regulators
to have capital sufficient to meet statutory minimum solvency
requirements, but in order to continue to attract a well balanced
portfolio of business, the insurer must maintain capital at a higher
level.

The assessment of these risks and the actions pursued inevitably puts
capital at risk from poor quality management and the identification of

risk and need for capital support can be of value in itself.



WEAT 15 CAPITAL?

Capital can be provided in & number of ways. In the UK and other countries
readily realisable assets are typical for normal trading insurance companies.
Capital can be provided in other ways e.g by way of guarantees, perhaps backed
by deposits such as in Lloyd's. Part-paid shares, preference shares and
sub-ordinated loan stock have all been used, but depending on the local

regulatory environment.

In addition to considering the balance of assets over liabilities as capital
we could also include any items of wvalue "locked" into the balance sheet.
Typically, investment earnings on the assets backing undiscounted insurance
liabilities might be jincluded. Thus, the definition of capital is unclear,
but may cover any guarantees or investments or and any items of wvalue which
may not emerge for some time. The ability to raise additionsl funds is also
important. For practical work on limited 1liability companies with
shareholders, the working party would suggest capital may be usefully defined
as adjusted net assets where assets are adjusted to full settlement value and
liabilities are discounted for future investment income with equalisation and

other contingent reserves being released.
PRACTICAL RULES POR LO NS

By considering the reasons for which an allocation of capital is desirable
from Section 4, and the purposes for which capital is required by an insurer,
we can arrive at some practical rules to which any meaningful allocation of

capital must conform.

The fundamental reason for performing an allocation of capital is to ensble
informed economic decisions to be made, on matters such as pricing, which
recognise how the demands for capital from each portion of the insurers book
restricts its ability to write other risks. Each of the purposes for which
capital is required contributes to these demands, and so must be considered in
any meaningful allocation.

Rule 1: Any allocation must consider each function that capital is
performing.

Clearly the sum of the amounts of capital allocated to different sections

{classes, cohorts or other *profit centres") of the insurer’'s portfolio may



not exceed the insurer's total capital. If the sum of the allocated amounts
is less than this total then there is 2 residual amount not being used to
enable further business to be written in any section of the book. Thus the
ability of the insurer to write more business would be understated for one or
more sections of its portfolio, and economic decisions based on the insurer's
perception of its own ability to write more business would be distorted. A

second practical rule follows:

Rule 2: The sum of the amounts of capital allocated to the various sections

of the insurer's portfolio must be exactly equal to the insurer’'s total
capital.

Considering again the purposes that capital performs, capital must absorb any
unfunded insurance losses arising from claims costs, or expenses exceeding
premiums, for current business, or from deficiencies in c¢laims reserves for
expired business. Clearly, making a negative or zero allocation of capital
to a section of business which presents exposure to losses of either type does
not recognise this exposure to loss, and economic decisions based on such an
allocation would be unsound. Another stated purpose of capital is to imbue
consumers and regulators with confidence in the insurer's ability te fulfil
promises of coverage. A zero or negative allocated amount cannot do this.

A third practical rule follows:

Bule 3: The amount of capital allocated to any sectionm of the insurer's book

presenting an exposure to loss should be positive.

Sections of the insurer’s book giving rise to greater exposure to unfunded
losses should be allocated greater amounts of capital under any rational
allocation. The capital available to fund unexpected adverse outcomes is
separate from that needed to fund expected losses on under-priced business.

A fourth practical rule follows:

Rule 4: The amount of capital allocated to a section of the insurers book,
excluding that amount which funds under-priced business should increase as

that section’s exposure to unfunded losses increases.

A corollary here is that the amount of capital allocated to a section of the
insurers book should exceed that required to fund under-priced business. The
point in time at which losses on under-priced business are recognised will
depend on whether the insurer establishes an additional reserve for unexpired
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risks over and above the unearned premium reserve. However capital required
to fund these losses should be allocated to the under-priced business as soon
as it is written, since its existence limits the insurer’'s ability to write

further business.

The nature of the risks underwritten by an insurer within a section of its
book will determine the exposure to unfunded losses from that section. A
good allocation methoed should respond to changes in the key components of
underlying risk within a section and adjust the allocation to that section
accordingly. However, the allocation should not be over-sensitive to minor
changes in this risk. It is desirable that the allocation is stable so that
it progresses smoothly unless there are major changes in the type or form of

the underlying risk.

Rule 5: The allocation should adjust in response to significant changes in

the underlying risks,

Other practical considerations suggest the followiag:

Rule &: Allocations must be based to some extent on past results, and must
be relatively stable with respect to the insurer’'s results over the

short-term.

Rule 7: Any formulae used to make allocations should be explicit, objective

and justifiable.

Such a formulae will provide an allocation in situations where management
consensus is lacking. Subject to these requirements it is desirable that

allocation formulae are as simple as possible.

PRACTICAL CONSIDERATIONS

To illustrate the practical issues involved in the allocation process,
consider the following equation representing the capital structure of a

company.

U.r=P .L+0U .1
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Where U

initial capital

P = risk premium

L = profit loading

i = investment return on capital

r = shareholders expected rate of return on capital
Rearranging this becomes
U(r ~1i) =P . L

Thus (r - i} is the additional return to be provided by the insurance
operations (or possibly other areas of operation) over that earned by the
investment of the capital.

The allocation exercise constitutes extending this equation over n classes of
business using certain criteria to determine the proportion of the total

capital used required by each line (or sphere of operation}.

Closer scrutiny of this deceptively simple locking formula raises a number of
issues.

(i)  Shareholders additjopal returm

In planning and setting objectives, we need to determine the insurance
profit loading L which achieves the rate of return required by

shareholders ie

L-Uo{r-i)

P
for each class of business.

The first question is should (r - i) be different for each class of
business? This inevitably will relate to the underlying uncertainties
in writing each class of business, but for the company in total, will be
set by investors expectatioms. Following from this level, the
additional returns by class will be dictated by the levels of risk in 2
perfect market.
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The profit loadings derived may not be obtainable in the period and this
should trigger further debate on the underlying risks and establish
whether there is scope for adjustment to key variables to revise the
level of capital allocated and bring the additional return in balance
with the insurance profit anticipated. For example, by a reduction in
risk through increased reinsurance.

This debate will not relate solely to the risks underlying the capital
allocation, and should be seen as a part of the total management of the
company incorporating such issues as marketing, status or perceived
security. The aim is to find the optimum deployment of capital by class
of business to achieve the company’s goals in the wider sense and this

will not necessarily be related solely to expected insurance profit.

A balance has to be struck between the return required by shareholders,
the levels of capital required by class of business to meet the risks

involved and expected insurance profit.

Insurance Profit

In monitoring performance we require

r=~F . L+ 1

U

thus the measurement of the expected shareholders return is driven by
the allocation of capital relative to premium and the investment return
on this allocated capital. As can be seen, the higher the allocation
relative to premium the lower the return for a given level of insurance
profit loading L. In general, the variability of the profit from the

insurance operations will determine this ratio P/U.

The term P . L ie the profit is not clearly defined and if we consider a
period of a revenue year and amplify this into its component parts on an
accounted basis, we have the following (ignoring tax and dividends in

order to simplify analysis.)
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P.L=(P-CP) + (Ft-l - Ft) + 1
where P = premiums after commission and expenses.
CP = claims paid in the revenue year.

F = technical funds brought forward and carried forward respectively ie

at (t - 1) and t.
I = interest on technical funds during the year.

Using ¢ to denote the current year and p to denote prior years, this

can be further rearranged as follows,

P.L=(P° -cp° -F" )+ PP -cPP+FP - FPy 4+ 1
t -1 ¢

If D represents the adjustment in funds due to discounting then the

equation can be further amplified into the following

= (P° - cp® - F€ + D%
t ot

+ (PP - cpP + PP . DP _ FP 4+ DP)
t-1 t-1 t t

(- o€ + DP - DPy
t t-1 t

+ I

As can be seen, with suitable allocation of I, there are three distinct

elements to this
(a) the profit from the current years’ business on a discounted basis.

(b) the savings or losses arising on the discounted funds brought

forward.
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(c) The strain arising from setting up non-discounted (or

incorporating other margins) in the funds.

From this it can be seen that capital is needed to support the results
of the current years’ business which will be estimated to a greater or
less extent and this part requires retaining capital to cover the
run-off risk. The degree to which this is covered by non-discounting is
an important consideration which links reserving with the definition of

capital and hence the allocation process.

This leads inteo the next aspect.

Cepital

The movement in this discount adjustment, across different classes will
determine the rate of release of this "hidden" requirement from period
to period. It is important that this is recognised as this involves 2

certain "overhead" and is similar to an allocation of expenses.

The similarity with expenses c¢an be further drawn upon in that not all
capital will be alloceted to the insurance operations since other
*profit centres” may exist. This is a decision which needs to be taken
at the outset and will depend on organisational structure, management

responsibilities and aims of the company.

Whilst this paper does not deal with non-underwriting risks, it can be
seen that these other profit centres would encompass such items as asset
and exchange risks. It should be noted that these items could also be
treated as a risk element in the insurance operation and therefore
attract additional capital to be serviced by the allocation to each
class of business. For example, this cen be illustrated in drawing up

an allocation statement in the following form.
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Class Current Year Prior Years Total
1
pA
3
&
n
Asset
Exchange
Total Capital
in¢luding
discount
ad justment
Class Current Year Prior Years Asset Exchange Total
1
2
3
n

Total capital
including
discount

ad justment
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The statement summarises the deployment of capital across "profit
centres" and identifies the major sources of risk. Statements of this
type should also highlight where capital is "hidden" and how this is
likely to move over time depending on the business strategy. The
release (if feasible) of this capital may not coincide with the capital
demands of current business and therefore it is important to recognise
the time for which capital is required and also how it is held in the

books of account.

Revenue versus Underwriting Year

In the main, management decisions will be focused on current and future
business, but as can be seen from the above analysis, this can have
little impact on the results in the revenue year and hence the return

achieved.

This could be dominated by prior years' movements {(eg in the case of
substantial asbestos or toxic waste involvements, or long tail funds in
general) but even if the impact here is minimal it must be appreciated
that the premium will contain an element of past years. This can arise
either from the influence of unearned premium in the case of a direct
writer or booked premium for prior years accounted in the current year
for companies on 8 funded basis. With the complication of exchange rate
movements the return on capital on a revenue basis may bear little
relationship to whether the current year's business achieves {or will

achieve) the profit required to meet its return on capital objective.
Criteria used in the ocation basis

Different methods of allocation will use different criteria tc determine
the capital by class and it is important these are fully understood
because of the implications it has for movement of capital between

classes.
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For example, the method could equate one of the following:

(a) profit loading.

(b) varjability of claim amount.

(c) probability of ruin.

Each has different implications, for example, the probability of ruin(c)
will increase the capital to a class where the expected insurance profit
is reducing whereas (a) would move capital in the oapposite direction.
Criteria (b) would ignore this.

The conflict is largely between the need to maintain sclvency or
"security” from period to pericd for the insurer, thereby requiring more
capital as the risk increases as against the investors expectations

which would reduce capital if the expected insurance profit reduces.

The suggested approach therefore, is to set c¢apital at a total level
which ensures a proper balance between solvency requirements and
investors expectations asnd use criteria for the allocation between
classes which reflects the relative risk contributed, such that no one
class threatens the security of the company more than any other. To
achieve this may well require a number of iterations of the process to

arrive at a satisfactory management solution.

Appraisal Values

By considering the results of each class of business as above relative
to the allocated capital over time provides a picture of the evolution
of the business from period to period. If the future business written

is incorporated into this, it can be seen that the earnings from

(a) capital
(b) past business written

{c) future business written

can be identified and hence an appraised value calculated. The increase
from period to period then constitutes the *shareholders wvalue added"

whence the added  wvalue from  the current years  writings
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by each c¢lass of business can be derived to determine their relative
contribution. This provides a valuable management tocl in monitoring

the economic value of the company.

(vii) Correlastiong between GClasses

It is important to recognise that uncorrelated classes of business are
likely to reduce risk. This is a factor that should be considered in
formulating a business strategy both in overall capital needs and how
any "benefit" is apportioned between classes. Of interest recent market

results tend to suggest a degree of positive correlation between

classes,

Methods Available

(L)

“Sigpler® Methode

This section considers a number of methods for allocating capital

between sections of the insurers book based on readily available data.

ethod A Allocation in proportion fo Net Written Premiums The
capital C, allocated to the ith section of the insurers book is the
product of that section’s net written premium (NWPi} and the ratio of

the insurers total capital C to its total net written premium.

C. = NWP,x c
i

NWP

where C - E Cl
i

. WP = 3 NWP,
i
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The premium figure used to allocate capital at the end of an
accounting period is assumed te be the net written premium for
that period. If the volume of business to be written in the
section is expected to increase considerably, then an estimate of
the premium income following period could be made for all sections

and used in the formulae. However this has the shortcomings that

(a) it is subjective

(b) capital is required to support business other than that taken
on in the current accounting peried e.g. run-off of claims
reserves in respect of old underwriting years, so that even a
good estimate of premium income in the £following accounting
period is not necessarily a better measure of capital

requirements.

Comments on Method A

This method of allocation satisfies some of the practical rules laid out
in Section 5. In particular it allocates all of the insurers capital
between sections in an explicit and objective manner. The proportion
of capital allocated to each section will progress smoothly from year to
year 1f the premium income for each section grows at a similar rate.

However, allocating capital in proportion to net written premiums has
the following shortcoming.

(a) Changing the relative premium rate levels of the different
sections changes the allocation. In particular, decreasing the
premium rates decreases the amount of capital allocated to the
section. If rates are decreased for the same cover, the
probability of unfunded insurance losses arising increases, so
that the capital necessary to fund these losses jncreases. if
rates are decreased to the point where losses are expected then
capital is required to fund losses on the under-priced business.
So, this allocation method contravenes our allocation Rule 4, in
that it does not increase the capital allocated toc a section as

that section's exposure to unfunded losses increases.
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{b) The allocaticn method does not take into account the nature of the
underlying risks and so contravenes Rule 5. The uncertainty in
losses and potential for unfunded losses is clearly greater from
£1 of catastrophe excess of loss premium than il of comprehensive
motor premium written to the same underwriting ratio, yet this

method allocates the same amount of capital to each.

(c) This method allocates no capital tc a line of business which is no
longer written since it has no written premiums. If, however,
this line take a number of years to run off and claims reserves
still exist, then capital is required to protect against adverse
run-off. Thus this method contravenes Rule 3. The opposite
problem could occur with a rapidly growing line, to which too much
capital would be allocated. These problems arise through the use
of one-year flow to allocate year-end capital.

In general, this method does not allow for special characteristics
of each section of the insurer’s book such as the mnature of

reinsurance, margins in reserves and growth patterns.

A stated objective of achieving a meaningful allocation of capital is to
enable decisions on matters such as pricing which take into account the
cost of capital. However, consider a pricing method that is based on a

minimum return on capital employed:

ROCEi = the return on capital employed for a section i of

the insurers book.

ROCEi - profit for section i -
capital allocated to section i c
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If capital is allocated in proportion to net written premium then

Ci = NWPi x C and so
NWP
ROCEi = Pi x NP
NWP c
i
but Pi = operating margin = profit per unit premium
NWPi
and NWP = premium to capital ratio
c

1l/solvency margin

So, a pricing method which considers return on capital employed, where
the capital has been allocated in proportion to written premium, is
merely considering the return on written premium adjusted by a scaling

factor.

Method B (Allocation in proportion to accident vyear incurred claims
(including direct claims expenses)). At the end of an accident year
accounting period, the period Ci' allocated to the :|'.th section of the

insurer’s book, is given by

c, = (L, +E,) x c
1 1
(L + E)

C = Zci = the insurer’'s total capital

[
"

the accident year jncurred losses for section '1i°

i the corresponding direct claims expenses for section 'i’

and L = :Epi. E -:EE.

1
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Comments on Method B

This method allocates gll of the insurer’s capital between sections
according to an explicit formula. As with Method A, this method bases
the allocation of capital on & variable which might be expected to
reflect increases or decreases in exposure. Whilst this method overcomes
the problem posed by premium rate changes with Method A, it fails to take
account of many factors materially affecting the potential for unfunded
losses, for example the nature of the underlying risks and hence the
variability of expected claims amounts, and the adequacy of premium
rates. Moreover, the allocation is subjective, since it relies on the
estimation of accident year incurred losses at the end of the accident
year. For long-tailed classes this is obviously difficult to do with any
degree of accuracy. In addition, since one purpose of capital is to
absorb deficiencies in claims reserves then an underestimation of
accident year incurred losses is doubly dangerous. Such an
underestimation would result in the establishment of inadequate
outstanding claims reserves for a section at the same time as the amount
of capital allocated to that section being lower than it might ctherwise

have been.

Method C {(Allocation based on ‘imputed equity wvalueg'.) Butsic (1985)
describes a subjective technique for allocating capital to lines of

business in a way that reflects the relative riskiness of lines. The aim
of this technique was to enable allowance to be made for the cost of
capital when measuring the relative success of profit centres within a

company.

The method is as follows:

(8} Select a "reference" product line, with average perceived risk.
(Butsic proposes Commercisl Multiple Peril). To this line is
assisgned an arbitrary premium to equity ratio close to the long
term industry average premium to equity ratio for all lines, say
2.5 to 1.

{b) Select another line, compare this with the reference line and
decide on the premium to equity ratio for this line at which you
would be indifferent to writing this line compared to the

reference line.
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For example, Property Fire, which is short.tailed and has fairly
complete pricing deta, at a 4 to 1 premium to equity ratio may be
considered equally risky as the reference line of business at 2.5
to 1.

Repeat Stage (b} for all product lines.

These calculations would allocate 'imputed equity’ amounts of 1/4
of the Property Fire premiums to that line, 407 of the Commercial
Multiple Peril premiums to that line and so on. In general,

Capital allocated to line i = (NWP)i X (premium to eguity ratio)i.

Comments on method C: Like method B, this method is subjective,
the &allocation being based on a subjective assessment of the
relative riskiness of writing business lines.

The method breaks our allocation Rule 2, in that the insurer’s
total capital is not necessarily allocated. Indeed the sum total
of the imputed equity amounts may either fall short of or exceed
the capital aveilable to the insurer. A possible adjustment would
be to scale allocations so that the total allocated capital
equates to the total available capital. In this situation, Method
C is a wvariant of Method A which additionally allows for the
relative riskiness of writing £1 of business in each business

line.

The premium figures on which an alleocation is based may relate to
the previous financial planning year, or may be estimates for the
coming year, in which cese an additional element of subjectivity
is introduced. As with other methods of allocation based on
written premiums, lines that are growing or shrinking may be
misrepresented in the allocation and changes in rate levels can
distort the allocation. However the method does attempt to
address the fundamental problem of variability.

Method D Allocation based on unpredictability of losges.

Method C adjusts the allocation gubjectively for the perceived
relative risk of wvarious lines. An objective technique is

difficult since this risk is not stable between periods.
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1f capital is to be allocated in proportion to the relative
riskiness of wvarious lines, then the unpredictability of losses
may be used as a measure of this riskiness. A model can be
developed for predicting losses, and the error in this model may

be monitored and used to adust the allocation.

As an example, consider a model relating incurred claims to earned
premiums by accident year. Assume that, for each line i of an
insurers business, we have the following data for each of calendar
years 1976 to 1990:

a) incurred claims Li ¢ relating to both losses from accidents
in the calendar year t and changes in reserves for accidents

in prior years.

b) earned premiums, EPi't, in calendar year t.

For each line of business consider the set of five year time
periods ending in each of the years 1981 to 1990. For each such
period a regression model may be developed which relates incurred
claims to earned premiums over that period. A model for lime i in
the period beginning in calendar year tO is

L - A, + B,..t + Ci.EP t=0,1,2,3,4,..... 9

it +t i i it +t

0 0
where Ai’ Bi and Ci are fitted regression coefficients that vary
by line.

For each line, the total squared error in the above equation may
be calculated for each time period. Chi-square statistics can be
developed for any line to allow comparison between time periods.
Capital may then be allocated in proportion to the square root of
the total squared error in the above equation for each line of

insgurance.
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For example, an allocation of capital at 31 December 1990 may be
based on the medel for the time period 1981 to 1990. For this
period, for line i, define

1990
Vi
U, o= 2 (Lot - L)
t = 1981
where L, is the estimate of incurred claims from the model,

i,%t
Then the capital Ci aliocated to the ith line is given by

C. = Cx0U,
i i

EH
where U = ‘Ehi.c w:ECi
Comments on Method D

A worked example would show that an allocation based on this
approach would be highly unstable over time. A stochastic
approach as described later also attempts to quantify claims
variability.

Method E_Allocation in proportion to annual marginal profit.

Classical micro-economic theory may be applied to obtain another
allocation formula. When a finite, rational company in perfect
competition can produce several products, that company maximises
its profits when it produces less of the products that yield a
smaller marginal return on input, and more of the products that
yield a higher marginal return. When this company 1s in
equilibrium, then the marginal expected return on the censtraining

inputs will be equal for each product that is produced.
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In order to apply this theory to allocating the capital of a

multi-line insurer, the following four assumptions are needed

a) The wvarious secticns of the book are priced and sold
independently.

b) The insurer is in equilibrium,

c) Capital is the only constraining factor in preduction.

d) Each sections marginal premium-to-capital requirement is

equal to the company’'s average premium-to-capital ratio.

Assumption a} b) and ¢) are unlikely to hold in practice; but
assumption d) is reascnable if the relative mix of writings
amongst sections is independent of capital levels. It can be
shown that if total profit is a function of product mix and there
is one constraining input, then the ratio of marginal profit to
the marginal amount of input required to produce the product is
equal for all products. For an insurer this means that the
marginal profit for each section of the book is in a uniferm ratio

to the sections marginal premium-to-capital ratioc ie

dPidePi has the same value for each
section i of the insurer’'s book

dCidePi

Assumption d) is that each section's marginal premium to capital

ratio is equal to the average premium-to-capital ratio ie

For each section i of the insurer’'s book assume that the marginal
profit ratio, r,. cen be derived by adding a proportien e of
written premiums (representing fixed expenses) to the reported

operating profic Pi’ and dividing by written premiums, WPi



S0 we have that

takes the same value for each section i, and this value is equal

to

Sir W)
i
C

The capital Ci allocated to each section can then be found from
C, = r, WP .C/2(r .WP)

ie each section's allocated capital is proportional to that

section's total marginal profit.
Comments on Method E

Economists would apply this method to expected profits rather than
actual, but an explicit calculation of expected marginal profits
is generally not available. This method shares practical problems
with other simple methods. The use of a one-year alloaction base
is arbitrary, and since profits of insurers are extremely
volatile, the resulting allocation will be wunstable from
year-to-year. Where the actual marginal profits of a section are
negative then this method allocates negative capital amounts to
that section. Where a section is at the bottom of its particular
underwriting cycle then its marginal profits will be low at the

same time ag its potential for unfunded losses is high.
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This method also ignores growth patterns. For example, & line
that is running off will have no significant expected marginal

profits, but will present significant potential to unfunded loss.

Other allocation methods have avoided the instability introduced
by basing allocations on year-on-year flows of premiums, losses or
profits by considering ratios of capital to claims reserves, total
reserves ofr total liabilities. These methods however reverse the
problems of growth patterns and run-off posed by one-year methods.
For example, a growing line presents an exposure to unfunded
losses on new business which may be out of proportion to its
reserves or other liabilities arising in earlier periods,
Similarly short-tailed lines presenting potential to catastrophic
losses may be under represented in any allocation based on size of

reserves.

Examples of these metheds are given in Appendix B.

M od F Variabjlity of Loss Ratios

The method discussed in this section is intended to be simple, and
has as its aim to serve as a tool to assist management in planning
their choice between different possible lines of business. It is
more applicable to the collection of different lines of business
that might be found in a London Market reinsurance company, in

that they show marked differences in:

- typical length of tail to settlement,
- sharp volatility of the possible underwriting outcome (i.e.

loss-ratio) from one underwriting year to the next.

The calculations below are not intended to be real life solutions,
but are intended to bring out the structure of the methed.

To initiate the method, a very simplified model of an underwriting

year has been chosen, as follows:

- it is assumed that the correct cost of claims is accurately
known by the end of the first development year of any given
underwriting year,

- claims reserves are fully discounted.



- 28 -

Once the structure of the capital allocation methed has been
brought out, then there will be introduced some technical features

necessary for a "real life"” solution, i.e.

- the final cost of claims is often not known for some (sometime
many) years after the end of the underwriting year, particularly
for long-tail classes so that reserve fluctuations on prior
years is generally an important component of the underwriting
result on a revenue year basis i.e. the best estimate of the
loss-ratio for the underwriting year will fluctuate for some

years into the future,

- it can often be the practice of the Company not to discount
reserves, or else not to discount them at a full prospective

rate of interest,

- the practical running of any insurance operation requires the
ability to withstand adverse fluctuation perhaps, via an
explicit reserve and may increase in importance if reserves are

discounted.

Then the bhare bones of the model are best understood in five
steps, as described in the following paragraphs. Each step has an
accompanying table with a numerical example by way of
illuscration.

Table 1 shows in outline how, given an average investment return
of present wvalue equal to 20 points cof premium, an average
losg-ratio of 102.57 of net premium can give rise to a Return on
Equity (RoE) of 251 pre-tax.
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Table 1: From loss-ratio to RoE (Return on Eguity)

All asses combined

Definitions :

NWP = Net Written Premium NWP = 100
C = Claims Cost C = 102.3
IT = Interest earned on Insurance funds I1 = 20

M/E = Management Expenses M/E = 10

RoS = Return on Sales, i.e. the total RoS§ = 7.5

insurance profit as a percentage

of NWP
E = Equity, i.e. capital allocated to E = 50
the insurance operation
1 = rate of interest i= 102
SI = Interest earned on Shareholders’ 51 = 5
equity
NWP = Net Written Premium NWFP = 102.5
ROS = Insurance Margin ROS = 7.5
ROE = Return on Equity ROE = 25.02

Table 1 relates to the average of all lines of business. Since
different lines of business have different average periods to
settlement, they can of course be written at different target
loss-ratios to achieve the same RoE. Table 2 gives an example of
this for six lines of business. The first two pairs of lines have
equal average periods to settlement, so for the purposes of this
intermediate stage, where we have assumed equal volumes written
and equal capital allocated to each line, they produce indentical
target loss-ratios. Later on, when we allocate different amounts
of capital in line with the perceived riskiness of each line, then
different target loss-ratios will emerge.
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Table 2: from loss-ratio to RoE for different lines of business

Line 1 Line 2 Line 3 Line 4 Line 5 Line 6

NWP = 100 100 100 100 100 100
C= 132.5 132.5 95 85 107.5 147.5
Il = 50 30 12.5 12.5 25 65
M/E = 10 0 10 19 10 10
ROS = 7.5 7.5 7.5 7.5 7.5 7.5
E= 30 50 50 50 30 30
i= 102 102 10z 102 1oz 1c2
§I = 0 0 0 0 0 0
NWP = 100 100 100 190 190 100
ROS = 7.5 7.5 7.5 7.5 7.5 7.5
ROE = 15.02 15.02 15.02 15.02 15.02 13.0%

Some lines of business are riskier than others. Therefore they
ought on average to be required to produce a higher expected
margin to justify the greater risk. The way this higher required
margin is assessed is by allocating different amocunts of capital
per unit of premium to the different lines of business, based upon

ad hoc studies of the wvariability in the loss-ratio.

In reinsurance, sharp wvolatility of prospective underwriting
results, i.e. loss-ratios, must be accepted as part and parcel of
the business. One possible strategy is to allocate to each line
of business sufficient capital so that & sudden fluctuation that
is "reasonably possible" or *quite likely" does not wipe out the
solvency margin. The idea is that a feasible result should not
prevent the Company £rom participating in the same line of
business in the following underwriting year. Although it would be
possible after a wvery severe adverse fluctuation to ask
sharedholders for more capital if the prospective returns warrant,

in the course of "normal® fluctuations this should be avoided.
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If a line of business existed on its own, it might be necessary to
allocate sufficient capital sc that, after a "reasonably likely"
fluctuation, there still remains a base capital of say 501 of
premium left to support the feollowing year’s underwriting. 5o the
total capital needed would be 50 of premium plus the Llikely
fluctuation, and target loss-ratios would be examined to see if
they produce a sufficient insurance margin to give an adequate

return on the capital so allocated.

When a line of business is written in a Company alongside other
lines whose fluctuations are "certain® to be independent, it might
be possible to reduce the minimum base capital required for each
line. For the purposes of the following example, a total
"respectability” sclvency margin requirement of 75 of KWP has

been split into:

- 257 of NWP for each separate line of business to serve as a
minimpum base capital,

- 257 of total NWP to be allocated between the lines of business
to reflect their relative riskiness,

- 257 of total NWP as a buffer against non-underwriting

uncertainties, e.g. asset fluctuations.

Suppose that an assessment of the different lines of business
suggests the following “"reasonably ©possible” degrees of
unpredictability in the loss-ratio:

Line 1 25
Line 2 50
Line 3 80
Line 4 7.5
Line § 25
Line § 124

Then Table 3 shows the impact of the =allocation method on the

required target loss-ratios.
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Table 3: from RoE to target loss-ratio for different lines

Line 1 Line 2 Line 3 Line 4 Line 5 Line &

Min E = 25 25 25 25 25 25
Fluct E = 25 50 80 7.5 25 120
Total E = 50 75 105 32.5 50 145

i=- 102 162 102 102 102 102

ST = 5 7.5 10.5 3.25 5 14.5
NWP = 100 100 100 100 100 100
ROS = 7.5 11.25 15.75 4,875 7.5 21.75
ROE = 25.01 25.01 25.01 25.02 25.02 25.02
NWP = 100 100 100 100 100 100

C = 122.8% 128.75 86.75 97.625 107.5 133.25

Il = S0 50 12.5 12.5 25 65
M/E = 10 10 10 10 10 10
ROS = 7.5 11.25 15.75 4,875 7.5 21.75

This table already gives some insight into the risk-reward
characteristics of the different lines of busines, as follows:

- lines 1 and 2 illustrate similar types of business, e.g.
casualty non-proportional treaty excluding U.S. risks, and have
similar run-off periods to settlement. The difference is that
line 1 contains mainly "working" treaties, whereas line 2 has on
average much higher deductibles and is exposed to fluctuations
from variation income credits, line 2 has to be written at lower

target loss-ratios,

- lines 3 and &4 illustrate similar types of business, e.g.
commercial property type risks excluding the US., except that
line 3 is written on a facultative basis whereas line 4 is
written as proportional treaties. The facultative business in
line 3 is much less "balanced" than the same business written
under treatjes in line 4, and so must be written to a target

logs-ratio of over 10 points better,
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- although line 6 has 15 points more investment income that in
line 1, it has to be written to a similar loss-ratio to reflect

the greater risk.

When planning the approsch on how much volume to write in each
line of business, the target loss-ratio needs to be compared with
the prospective actual loss-ratie. A useful starting point is a
study of the past loss-ratios. Table 4 shows loss-ratios for the
past 10 underwriting years, with the achieved average and a
"reasonably likely" degree of fluctuation. From these inputs, a

prospective Return on Equity is calculated,.

The fluctuation has been assessed on a cautious ad hoc basis,
There are not really sufficient sample points to estimate a
distribution about a mean. The underwriter will be more concerned
to estimate how the likely prospective loss-ratio might differ
from the historic average, taking into account recent trends in
claim levels, exposures and premium rates, and whether the

fluctuation margin is representative of the future account.
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Table 4: From prospective leoss-ratios to "risk-adjusted" RoE

4L(a) : History of past loss-ratios

Ulw

Year Line 1 Line 2 Line 3 Line 4 Line S5 Line 6
198l 131.7 8g.8 63.4 93.9 101.0 102.8
1982 142.1 146.9 54.8 98.3 106.2 72.5
1983 125.6 129.8 1.6 98.1 99.3 57.8
1984 129.8 97.5 47.2 98.8 112.4 86.6
1985 i02.9 117.6 ig8.9 93.7 85.8 69.2
1986 113.4 151.7 141.0 89.8 48.8 62.8
1987 B5.9 85.3 53.3 90.4 74.9 202.8
1988 87.1 100.0 34.5 1.5 109.4 98.5
1989 124,7 122.6 70.8 95.8 131.5 85.0
1390 115.0 120.7 111.90 104.8 109.2 85.0
Average 115.8 116.2 71.6 96.5 97.9 92.3
Prospective 115 115 75 97.5 105 85
Fluctuation 25 50 30 7.5 25 120

4(b): Prospective loss.ratios and "risk-adjusted” RoE

Line 1 Line 2 Line 3 Line &4 Line 5 Line 6

NWP = 100 100 100 100 100 100
Cw= 115 115 75 97.3 145 85
Il = 50 50 10 12.5 25 37.5
M/E = 10 10 10 10 10 10
ROS = 25 25 25 ] 10 42.5
Min E = 25 25 25 25 25 25
Fluct E = 25 s 80 _1.5 25 120
Total E = 50 75 105 32.5 50 145
im= 102 102 10X 107 102 102
SI = 5 7.5 10.5 3.25 S 14.5
NWE = 100 100 100 100 100 100
ROS = 25 25 25 5 19 42.5

ROE = 60.02 43.3% 33.82 25.42 30.02 39.3%
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In principle, it is then possible to start planning the choice
between the relative volume to write in each line of business by
seeking a mix of business that maximises the total RoE subject to
the constraint that the total fluctuation margin is equal to 501
of the total NWP. The ReE’s shown above look high, but it should
be remembered that there are still some features to be adjusted

for, described in paragraph 3.7.

The balance chosen would also have regard to the normal business

criteria such as:

- access to the relevant business volumes, and market penetration,
- ability and availability of underwriting staff,
~ relationship with clients,

- cost and availebility of reinsurance etc

The model shown above has been kept deliberately simple in order
to focus on the "riskiness" versus capital allocation component.
in practice, three technical features deserve immediate attention,

as mentioned earlier.

(a) Uncertainties in the cost of claimsfloss-ratig

The loss-ratio for an underwriting year is sometimes not known
for scmetime after the end of the year. For example, with
casualty reinsurance, even excluding US exposures, the
losg-ratio can be estimated by 36 months, but still be quite
uncertain until 60 months. For higher level casualty, where
frequency is more important to the result than severity, the
uncertainty is less than the lower layers. On the latter,
when a new influence on claims appears, it can often hit
several underwriting years in the same way. It is assumed
that line 1 requires a fluctuation margin to cover the
possible short-term fluctuation of 10 points in loss-ratie on
each of 3 underwriting yeasrs, i.e. 30X of NWP in all. It is
elso assumed that line 2 requires an additional 10I of NWP,
and that the other lines can be reasonably reserved at 12

months.
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(b) Undiscounted reserves

(c)

When reserves are not discounted, a working capital
requirement arises because reserves are put up in excess of
the net cash flow plus interest received, 4 sophisticated
"profit-testing® model, tracking the early vyears of new
business strain followed by the ultimate release of accounting
profits, all discounted at a vrisk rate of return, is the
proper way to value the cost of the capital used this way.

For current purposes, an ad hoc approach is used, as follows:

Supposed on line 1 undiscounted reserves of 1251 are required,
and that premium is received 80! in year 1, less expenses of
10X, and the final 201 in year 2. Then the amounts of
capital borrowed are approximately 55, 25, 15, 5I in years
1,2,3,4. Then if the level of premium stays roughly constant
in real terms over many years, this line has a permanent loan
from the shreholders of 1001 NWP across all underwriting
years. This loan is tied up in accounting requirements and
is not available to meet fluctuations or support new business.
Similarly, lines 2 end 5 are required to have a "new business
strain capital allocation” of 100X and 40X.

Fluctuation reserves

If fluctuation reserves were maintained, e.g. for line &, then
they would replace the need for the fluctuation margin

allocation of capital. In this example, these have been

ignored.

Taking into account the above features gives a more realistic

model of the prospective return on equity as follows:



NWP
c
11
M/E
ROS

Min E

Fluct E

Reserve uncerty
New bus strain
Total E
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ROS
ROE
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Table S5: Prospective loss-ratios and "risk-adjusted® RoE

Line 1 Line 2 Line 3 Line & Line S Line 6

= 100 100 100 100 100 100
= 115 115 75 897.5 105 85
= 50 30 i0 12.5 25 37.5
- 10 10 10 10 10 10
= 25 23 25 5 10 42.5
= 25 25 25 25 25 23
= 23 50 80 7.5 25 120
- 30 G - - - -
= 100 100 ) —_ 30 _
- 180 185 105 32.5 8c 145
- 102 102 102 102 102 10X
- 18 18.5 10.5 3.25 8 14.5
= 100 100 100 100 100 100
- 25 25 23 5 10 42.5
- 23.92 23.5% 33.8%2 25.47 22.52 39.3z2

The calculations shown above are designed purely to
demonstrate a method and nothing should be read too deeply
into the actual absolute figures used. However, they do
bring out immediately a feature which we believe to be an
enduring feature of the underlying economics of the longer
tail casualty classes, namely that the uncertainty in the old
year reserves and the need to put up undiscounted reserves
impose the requirement for & much higher average insurance
margin than is perhaps generally understood. It should be
noted that the new business strain has not been "allocated® to
the line of business by choice, but that it is an element of
equity that must be serviced when considering prospective
returns on this account. It should alsoc be reelised that
lines 3 and 6 are *niche” areas, and that it is not possible

to increase sharply the Company’'s presence.
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k the

Risk theory in its purest and original form looks only at the

uncertainty in the claims distribution and focuses on the ruin

probability.

The normal approximation gives the following formula for the required
reserve U, for a ruin probability of e (with y the normal deviate at
(l-e)), with a profit loading of L and pure premium of P,

{(a) U= yan% - LP

where a = 2nd moment of individual claim amount distribution

m = lst moment of individual claim amount distribution
and n = expected number of claims
[hence P = mn)

[with n Poisson distributed, and large for Normal approximation to
be valid)

This expression applies over a single time frame. However the
expression over an infinite time frame, whilst appearing very
different, producesg similar results.

{b}) e = exp(-RU)

and in the case of a poisson process this approximates to

R = 2Lm / &
€ = exp (-ZLPUIazn)

i.e. U =P *a’n/Pl | (L * -2/log(e))
{c) = P * fluctuation [/ loading * risk willingness

[as described by Straub)
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It can be seen that the expression for ruin probability (equation
(b)) is independent of the size of the insurance company. This
odd result is & consequence of the assumed continuous monitoring
of the solvency of the company. In practice this assumption

results in a conservative estimate for the true ruin probability.

By introducing excess cof loss reinsurance the insurer may limit
his claim distribution to size M. Be defining az = EMm, and

noting that in practice K is approx. = 0.6 we have

M= 0.646 LP - finite time frame

M &= 0,43 LP - infinite time frame

for e = 0.01

Sanders 1991 has gone further in introducing the concept of a
charge on the capital into the infinite time frame equation (b)
above.

Using the terminology above one can substitute for R the following

R = 2(Lm-il)/a’®

where 1 = charge on free reserves (might represent required

shareholders rate of return)

This can then be used to determine the profit loading required for
a given level of U. Capital may be defined as being used “"most
effectively" if the capital is chosen to minimise the prefit

loading per policy.
This gives formulae for U and L.

U=a [n . log(lle) /] (2. i)l&
L=2a(n.log(l/e) . 2 . i [ m]*
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The implications of these are:

- more capital is allocated to riskier classes (as defined by

8)
- less capital is allocated to classes where i is increased
- the profit loading increases with riskier classes

- the profit loading increases with increased i

These results are not disimilar to those of Meyers in which he
considers the amount of capital subscribed to an insurer by
shareholders. The premise is that only expected rates of return
- and not risk eof ruin - enter into the amount of capital
shareholders are willing to subscribe. It is the regulators who
are interested in minimising the ruin probability, wusing the
mecharnism of a minimum capital level. These may come into
conflict in say a downturn in the underwriting c¢ycle when
investors will.look to reduce capital to achieve their required
return, whilst regulators will be locking to ensuring that levels
of free reserves are maintained. This conflict can only
eventuaslly be resolved by pushing up the loading to draw in

sufficient extra capital to restore equilibrium.

To consider the implications for capital allocation consider the
simple single time frame normal approximation model.

Suppose there are two classes of business being transacted and
capital is to be allocated between them to equate their ruin
probability.

If total capital is U then

- 2 2 L
u y (al .0, + a8 .nz) - (Ll.Pl + L

1 2 -P,)

272

if split of capital is B:1-8

2 & _ 2
then (BU+L1.P1) { (ay .nl) ((1-3)U+L2.P23 ! (8,7.0,)
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(a)

{b)
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cannot be solved readily except in special cases

if Ll-LZ-O

2 5 2
f: 1-8 (a1 .nl) : (32 .nz)

i.,e. allocated in proportion to the standard deviation of the

claim distribution

if P =P =P, n_=n

1°F, |=n,=n, and al!ml - azfmz

then & = 0.5 + (Lz-Ll).PIU

In genersl the LP term is small compared to the capital and the

first expression for alleccation may be good approximation.

An example of the approach with possible solutions to particular

problems are given in Appendix C.



- 42 -
Commeants Risk Theory Approach

Risk theory concentrates solely on the claims distribution. Allocation
of capital will reflect the uncertainty of the claim distribution and
the expected profitability of each line of business, but will not
reflect the extent to which these elements are themselves correlated
with other financial elements of the insurance operation. In
particular inflation is likely to increase the uncertainty in the
claims and impact the value of the assets, thereby partly immunising

the value of the insurance operation.

The normal approximation used in risk theory may in practice suffice to
measure the risk arising from claim uncertainty. Further refinement is
normally unwarranted in view of the uncertainty surrounding the other
elements of the risk measure, namely the profit loading, the parameters
to represent the claims distribution, and the choice of the ruin
probability.

In its pure form the approach looks at the risk during the forthcoming
period of exposure, and considers the c¢laims to be independent,
identically distributed with the number of claims poisson distributed.
In practice these restrictive assumptions can be loosened to provide a
greater degree of realism at the cost of some loss of simplicity and a
degree of crude approximation. Past periods of exposure still to be
run-off will still contain some uncertainty primarily in the claim
distribution as the extent of incurred but not reported claims will be
slight compared to the uncertainty in numbers pertaining at the
commencenent of the year of exposure. Correlations in the claim

amounts may be modelled by allowing for an element of covariance.

Finally, the number of claims may be better modelled by allowing the
underlying poisson parsmeter to vary over time in a cyclical fashion

(to represent seascnal variation for example).

Reinsurance can be incorporated into the claims process to indicate the
reduction in capital needed ss a result of the reductions in claim

uncertainty.
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The profit loading to use can be viewed on a short or long term basis.
The long term approach is favoured as in practice insurance returns
will need to be looked at over the insurance cycle and capital will
need to be allocated for this purpose. (The allocation will also be
more robust from year to year, and provide a stable backdrop against

which to measure performance.)

Risk theory could be used to determine the long run required return as
once the capital is allocated to equate tisk the relative levels of
profit loading are uniquely determinmed, If the ruin probability is
specified then the actual required profit loading for each class can be

determined.

However it should be stressed that the limitations of risk theory (as
regards the extent to which undue concentration on claim uncertainty
ignores other risks to the business) should militate against reading
too much into the actual level of risk given by this approach. Rather
the risk theory approach is seen as a way of iﬁdicating the relative
uncertzainty of the claims process and how capital should be allocated
accordingly.
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(iii) Stochastic Msthods

(a)

(b)

Introduction

This section of the paper investigates the levels of capital that
are required to underwrite insurance business, The method used
for the investigation is stochastically based. A model of the
claim process is adopted and simulations performed in order to

estimate the distribution of claims arising from a cohort of

business.

Capital could be censidered necessary to meet the wvariations in
future experience, which might be quantifiable from consideration
of the distribution of payments. One important concept that
arises from this is the allocation of capital during the lifetime
of the policy rather than the year of underwriting. Some of the
implications that this has for the return on capital of the long
tail and short tail lines of business are considered.

The stochastic approach allows a «clear evaluation of the
variability inherent in the business, both in terms of the timing
and amounts of payments. The appropriate levels of capital
required to support this variability are discussed briefly. This
work is very much exploratory, rather than a definitive answer to
the question of capital allocation.

Conclusjons

The allocation of capital to an insurance policy for the period
during which there is ©potential for reserve deficiency to
materialise is intuitively correct and yields some interesting
results, This can be investigated deterministically. However,
the stochastic approach allows the consideration of the fuil
distribution rather than one or two of the moments of that
distribution and may highlight areas that would otherwise be

overlooked.

Stochastic investigation offers the possibility of determining how
much capital should be allocated to different products in order to

attain equal levels of risk. Different
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products will require varying amounts of capital to achieve equal
risk. The pricing of these products will allow for the provision
of equal return, but on different amounts of capital per unit.
The prices actually available can then be compared to those
required (which must be done given that a perfect market does not

exist).

It would appear that the levels of capital currently allocated by
way of crude solvency in the exposure period, and via undiscounted
reserves during the run-off imply higher premiums than capital
allocastion vis the stochastic approach. Alternatively, these
levels of capital are sufficient to meet stochastic fluctuations
with very high confidence levels. This is particularly true of

the long tail class.

We have investigated superficially the impact of unanticipated
future inflation on the distribution of claims costs (refer to
Section (e}). We did not examine the capital requirements implied
by this additional wvariability. Stochastic models for inflation
could be included in future work. This is obviously an extremely
important aspect, and one which will proporticnately impact

longtail classes to a greater extent.

Section (d) highlights two problems that need to be resolved.
First, the revision of the expected claims distribution as
experience emerges and the implications of this to the release of
capital. Second there is the problem that arises from the use of

total claims costs to determine the confidence limits,

Initial indications suggest that further work will yield very
interesting results in the areas of capital allocation, product
pricing and appraised values. Investigation of appropriate claim
models including inflation, attempts to derive and verify
realistic parameters for different classes of business, and
completely rigorous simulations should form part of further work.
At this stage, we have also omitted to investigate the effects
that writing differing wvolumes of business has on claim
distributions.
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Reasons for Requiring Capital

It can be useful to divide the capital requirements into those
during the exposure period, usually one year, and then the
requirements to run-off the claims. This is because the ending
of the exposure period is a crucial point, particularly for short
tail business. The simulated distributions are of claims from
the start of the exposure period, Once this first year has
elapsed, the conditional distribution of claims given the current
position is likely to be wvery different from the original

distribution.

Considering the short tail class, by the end of the exposure
period, it is known whether any catastrophes have occurred.
These events give rise to a great percentage of the variability of
the assumed claims model. Thus the claims distribution given one
year's experience will be much less variable. Alternatively the
amount of capital required during the exposure period is very high
compared to the capital required to run-off the claims.

For the long tail class, the expiry of the exposure period is less
¢rucial, first because there 1is no "catastrophe" exposure.
Second the information available after one year will not alter the
expected future claims distributiomn as much as in the short tail
case because it represents a much lower percentage of total
claims. Third, events may have occurred that are not currently

defined as ¢laims, but will be at some point in the future.

Thus the capital requirements of the long tsil business will be

more evenly spread over the period of exposure and run-off.

The variability after the end of year one carn be split into two
elements. First is the variation in the reserve requirement,
arising from the number and average severity of claims assuming
that inflation is known. The second source of variation is

inflation itself.
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The wvariation in the reserve requirement, arising from claim
severity end frequency can be divided further, into two elements:
failure to set the reserve at the desired confidence level
(estimation error); random fluctuation of the reserve about the
desired confidence level. For example, one might decide to set
reserves equal to the mean of future payments. Errors in the
reserve may then arise either because the mean is incorrectly

estimated or because future payments are not egqual to the mean.

The second type of error, the problem of varying inflation, can be
somewhat mitigated, under certain circumstances, by investing the
technical reserves in assets whose yields will move with
inflation. This should be investigated together with the
introduction of stochestic inflation models.

We do not believe different amounts of capital are required,
depending on the position of the insurance cycle. Provided that
the characteristics of a product remain wunchanged,then the
variability of the claims distribution will be constant over time.
The position on the cycle determines the amount of capital
provided by the premium and the amount, if any, that must “be

allocated from sharehclders funds.

Stochagtic Variation in Claim Costs

In order to investigate the capital required, we have considered a
very simple profit test approach to pricing. Expenses are taken
as 301 of office premiums and investment income on the premium is
assumed to be received at the start of the exposure period i.e.

there are no delays in the receipt of premiums.

We suggest an approach whereby all classes should yield the same
return on capital and that the capital allocated should be such
that the risks of different classes are equal, We assume that
risk may be reflected by selecting equal confidence limits for
determining the capital. However, ultimately this must be &

question of the owners utility.
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Capital is allocated on the basis of confidence limits of the
¢claims distribution. Claims themselves are assumed to follow the
mean amounts. Thus, if the 701 confidence limit is selected,
then the capital allocated is the amount required to maintain

reserves equal to the amount required were c¢laims at that level,

rather than at the mean level. Premiums are charged to meet the
claims, expenses and provide a return on capital. lovestment
income is assumed to be earned on all invested funds. Taxation
is ignored.

Initially, we ignore accounting requirements when calculating
premiums. Therefore, all claim reserves are discounted to allow
for future investment income. We have assumed income will be

earned at S5I and arbitrarily, that the sharecholders reqguire a

return of 151 on capital. The return on capital is available
immediately. We have not considered when it might be released at
this stage.

Assuming a constant return at &ll levels of risk is artificial
since the return required should increase with the level of risk,
resulting in the same premium for all pairings of risk and return.
There is only one level of confidence &t which the 151 return is
appropriate and the premium at this level should equate to that
charged in a perfect market.

The resulting claim ratios for a cohort are shown in Tables 1 and
2 below, for the long and short teil c¢lasses respectively (note
that details of the expected claims costs are given in Appendix
A). The claim ratios are based on the mean claims costs. We
show the implied operating ratios as well.

Table 1 - Claim Ratios for the Long Tail Class
Confidence Claims  Operating

Limit Ratio Ratio

70.02 105.32 135.32

75.0% 102,92 132.92

80.0% 100.2z2 130.22

85.0% 96.7% 126.72

90.0% 92.82 122.827

95.02 86.82 116.82

99.01 71.72 101.72
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Table 1 demonstrates the very long tail nature of this class of
business. The significant decresses in the claim ratio for 952
and 981 confidence limits demonstrates the high additional capital

that is required at these levels.

It is interesting to compare the long tail class with the results
under a more traditional analysis where a solvency margin of 201
of premium is required in the year of exposure and undiscounted
claims reserves are esteblished. The capital "locked in" by the
accounting standards’' requirement to set undiscounted reserves in
considerable. This feeds through to the premium calculations
given the additional amounts of capital that must be serviced,
The premium required to provide a 15I return on capital implies a
93,752 claim ratio. Thus this is roughly equivalent to capital
allocated on a 907 confidence level basis, although the phasing of
capital releases between the two are different.

Table 2 - Claim Ratios for the Short Tail Class

Confidence Claims Operating
Limie Ratio Ratio
70.02 71.02 101.0%
75.02 70.72 100,72
80.0X 70.62 100.62
85.0X 70.22 100.22
90.0X 70.12 100.12
95.02 69.71 99.71
89.0X 67.12 97.12

As with the long tail classes, it is only the extreme confidence
levels that demand significant additional capital sllocations and

hence, lower claim ratios.

If there were perfect markets, then the "fair" premium that a
company could charge would exactly compensate the shareholder for
the risk and would be the market rate, We have assumed
arbitrarily that a shareholder requires a 151 return at the 90%
confidence level, and from this have estimated the "fair" premium.
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We sre then able to calculate the risk at different confidence
levels by solving for the IRR. The return available at 1002
confidence should be the risk free return. These returns are

shown in Table 3 below:

Table 3 - Returns Available on Shert Tail from Fair Premium

Return on
Confidence Capital
Level Available
65.0X 67.02
70.02 47.22
75.02 26.52
80.02 23.12
85.02 19.12
90.02 15,02
95.02 14.02
99.0% 8.02

There is a problematic area that we have not yet overcome.
Suppose a product is priced with capital allocated to meet claims
at a 75% confidence level, for example. The 75! confidence limit
relates to the total claims cost. Qur first problem is how to
release capital throughout the life time of a policy as the actual
claims experience provides "prior information" that alters the
distribution of future claims.

Second, because the confidence limits relate to overall claims
costs, there can be situstions where the payments during a
particular period, implicit in the overall mean claims cost can
exceed those implicit in the 757 confidence limit. Given our
method of capital allocation, this leads to negative capital
requirements, which is not a sensible concept with our definition
of capital. This problem is particularly noticesble in the short
tail class which experiences catastrophes.
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An alternative approach might be to actually create a distribution
for claims in each individual payment period, however there are
then problems convoluting these distributions to estimate

aggregate payments.

Capitel Regquired to Guard Against Unexpected Inflation

Graph & in Exhibit 1 shows the distribution of ultimate claims
cost from a long tail and short tail cohort of policies on the
assumption that inflation follows that assumed in the pricing
basis, and with inflation a constant 1I above the assumed level.
The difference between the two sets of distributions under the two

assumptions is shown in Graph B.

At the point of sale an assumption is being made as to the rate of
future inflation expected. As we would expect, the margin,
measured as a percentage of the reserve, required to cover an
adverse 11 deviation in inflation is much higher for the long tail
class versus the short tail class due to the higher mean term of

the liabilities.

The relatively constant level of the increase of the short tail
claims cost, for all but the extremes of the distribution,
indicates that there is very little variation of the mean term of
the payments. A full treatment of the effects of inflation could
probably be derived from a model for inflation from the point of
sale to the mean term of payments.

For the long tail class, the amount of variation increases
considerably with the distribution percentile. This indicates
that a longer mean term is implicit in the more severe claim cost
realisations - as we would expect given the model used. The full
treatment of inflation effects in this instance would require a
model for future inflation over a period of time. The more
severe claim cost realisations have longer mean terms, and would,
therefore, be subject to proportionately greater inflationary

varistions.
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The Claim Process Model

The claims process model assumed is based upon that described by
T. Wright in & recent paper in the JIA Vel 117 Part III ra
Stochastic Model for Claims Reserving in General Insurance". In
summary, the model assumes that the delay to payment has a Gamma
distribution, that the number of payments is Poisson, that the
mean payment at time D is proportional to D* for some constant %,
and that <the coefficient of variation of the severity is

independent of the time to payment.

Within this framework, payments have been assumed to be
lognormally distributed. In addition, for the short tail line of
business a catastrophe element is introduced. The number of
catastrophes is modelled as a Poisson variable, the severity
(measured &s a percentage of the expected non-catastrophe c¢laims
cost) a Pareto variable, the point of occurrence during the
exposure period a uniform wvarisble, and the monthly payment
pattern from the date of occurrence is assumed to be fixed for all
catastrophes., The number of individual claims related to each

catastrophe is not considered,

The model implicitly assumes a2 constant force of future inflation,
which can be varied by altering the wvalue of D. If future
inflation is not assumed to be constant, then this must be
introduced after the initial simulation. Further details of the
models, inlcuding the parameter assumptions, are given in Appendix
A,

Considerable further development of the claims process model is

required. This model assumes one payment per claim, rather than
a variable number. All types of insurance are subject to
dependent claims arising from events. These claims need to be

recognised since they may account for a considerable percentage of
overall varisbility. Before the model could be used in practice,

extensive validation against historic data would be required.

esult o 8

To be presented at the Giro conference.
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The Working Party did not spend much of its time on Lloyd's but there are

areas worthy of future study.

The structure and operation of Lloyd's syndicates give rise to special issues
differing from theose f£facing companies. Names supporting a syndicate
essentially provide a guarantee of unlimited liability. Also Premium
capacity is limited by a formula calculation linked to deposited assets. In
this sense, allocation of capital at the syndicate level is explicit. There
is no mechanism, however, of passing capital from one year's Names to the next
year's Names. The Reinsurance to Close is a premium but does not include

margins for uncertainty nor credit for potential future investment income.

Syndicates often specialise in the type of business written following the
underwriters special skills and knowledge. We are not aware of capitszl
allocation for, say, profit monitoring being undertaken by underwriters on
segments of a syndicates business. Underwriters, however, are keenly aware
of the potential returns to Names as their future year's capacity depends on

retaining and obtaining new Names.

The organisational structure of Managing Agents, Managing Syndicates and of
Members Agents looking after the Names is important. Typically, Members
Agents will spread a Name's capital amongst several syndicates. The
selection of syndicates and the long term support of Names clearly represents
a mechanism for allocating capital, or in the Lloyd's terminolegy, "Capacity®.
Agents will address a number of issues with potential Names and the likely
volatility of results from a syndicate is important. We would welcome views
as to how important this factor is in practice.

The Capita set Prici Option cing and Other Frameworks

The paper has discussed in some detail capital allocation in relation to
shareholders’ reguired returns on capital and other concepts from Financial
Economic theory. There are other approaches being explored for pricing
insurance products or monitoring insurance profitability in competitive
markets. These approaches were taken as outside the scope of our work for
this year’s Working Group. The approaches are, in many cases, at an

embryonic stage anyway. However, we would note that the approaches at the
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moment essentially aim at determining the relationship between capital

allocated and return required amongst other variables, The methods do not

aim to provide a solution to the problem of how much capital is required.

Having not explored this area further the Working Party would welcome views
from others.
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APPENDIX A
Short Tail Business
The time until payment was assumed to be a Gamma distribution with mean 1. If the

parameters of the Gamma are b and ¢, then the mean is given by bfc, and the
variance by b!cz. In this instance bm=c=2, A sample of 10,000 such gammas were
generated using Statgraphics. These were then re-sampled, as required, during the

main simulation.

Given the timing of a payment, the severity of the payment is assumed to be

lognormally distributed with mean kD* where D is the realisation of the gamme

distribution. x is taken as 2, and k as 1,000 which, with the expected wvalue of
D2 being 3/2, gives an expected cost per payment of 1,500. The constant
coefficient of variation of the log-normal is taken as 1, The log-normal was

simulated as the exponential of the underlying Normal distribution, which was

generated using the Box-Muller transformation of a spreadsheet uniform variate.

Cohorts have an expected number of 8§00 payments assumed to follow a Poisson

distribution. The expected amount of the total payments on a cohort is,
therefore, 1,200,000. This amount is derived as the Poisson mean multiplied by K
multiplied by the expected value of the Gammaz. This last wvalue is given by

c(c+1)lb2. The Poisson simulstions, the re-sampling of the gamme sample and the
log-normal simulations are all performed using a spreadsheet uniform random
variable,

It is also reasonable to assume that a short tail class of business will be exposed
to catastrophe type losses. Therefore, in addition to the normal claims simulated
above, a catastrophe element is included. The event frequency is taken to be
Poisson with mean 1. The event is assumed to occur with uniform likelihood at any
point during the first year (i.e. the period of exposure). The monthly payment
pattern from occurrence of the event is taken to be constant. The pattern assumed
was 10, 302, 40X, 10, 10ZX.

The severity of the event is taken as a Pareto with parameter 1.5. The actual
severity of claims is expressed as a percentage of the expected "normal” claims
cost. The minimum catastrophe cost was taken as 27 of normal claims cost. An
upper limit to the cost of one catastrophe was set at 1001 of normal claims cost.
The number of individual claims involved in the catastrophe is not considered. If
the Pareto distribution were uncapped, then the mean catastrophe cost would be 62

of *normal” c¢laims, giving an overall mean cost of 1,272,000,
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Once the simulation of one cohort is complete, then the claim payments are grouped
into quarterly amounts. A total of one thousand cohorts are simulated and then

bootstrapped where necessary to provide a larger sample.

Tail Bu 1]

The time until payment was assumed to be a Gamma distribution with mean 5, In
this instance b=2 and c¢=0.4, A sample of 10,000 such gammas were generated using
Statgraphics. These were then re-sampled, as required, during the main
simulation.

Given the timing of a payment, the severity of the payment is assumed to be
lognormally distributed with mean kD" where D is the realistion of the gamma
distribution. x is taken as 2, and k as 80 which, with the expected value of D2
being 37.5, gives an expected cost per payment of 3,000. The constant coefficient

of variation of the log-normal is taken as 3.

Cohorts with an expected number of 400 payments are simulated. The precise number

of payments is assumed to follow a Poisson distribution. The expected amount of
the total payments on a cohort is, therefore, 1,200,000. This amount is derived
2

as the Poisson mean muitipiied by K multiplied by the expected value of the Gamma™.
This last value is given by c(c+l)!b2. The Poigson variables, the re-sampling of
the gamma sample and the log-normel variates are all simulated using a spreadsheet
uniform random variable.

Once the simulation of one cohort is complete, then the claim payments are grouped
into quarterly amounts. A total of one thousand cohorts are simulated and then

bootstrapped where necessary to provide a larger sample.

1f we compare the long tail and short tail simulation models the following

differences are evident:

1. The coefficient of variation for the long tail class is take as 3 compared to
the 1 for the short tail class. Both these parameters are selected to be
reasonably realistic.
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2. The average cost of short tail claims is 1,500 compared to 3,000 for long
tail, Again these are reasonably representative of a large UK book of
business.

3. The mean time to payment of a short tail claim is one year, versus five years
for the long tail class. The short tail assumption is realistic, however,

the assumption for the long tail class might be considered to be on the high

side.

4. The variance of the time until payment of the long tail class is much higher
than for the short tail class.

c tes the

The quarterly payments in the simulated cohorts do not demonstrate smooth first
differences in the tail, or in the case of the long tail class for much of the
development. This is undoubtedly the result of basing the main simulation on
samples of only 10,000 gammas. Further work in this area should include a fuller
simulation.



Capital Allocation Working Party
61SC Conference ; October 1991

Simple Aliocation Methods

D71 Net DTI Net DTI Ket DTI Assumed
wWritten Earned Incurred Operating Fixad
Premiums Premiums Claims Result Expenses
Year To¢ 31st December 1989
One Year Business
Accounting Class
Accident & Heaith 2,927 2,705 1,873 (128) 591
Motor Vehicle 33,598 30,979 25,274 (3,9 6,959
Property Damage 68,215 65,621 34,267 9,935 14,633
General Liability 5,882 5,411 3,39 819 1,826
Pecuniary Loss 2,17 2,261 1,031 264 N
Total 110,793 106,957 65,841 6,900 24,910

Method A Method B Method C Method D Method E

End 1989 Aliocation
One Year Business

Accounting Class

Accident & Health 0.026 0.028 0.023 0.0%2 0.015
Motor Vehicte 0.285 0.384 0.244 0.214 0.093
Property Damage 0.616 0.520 0,432 0.510 0.772
General Liability 0.053 0,052 0.076 0.227 0.083
Pecuniary lLoss 0.020 0.016 0.025 0.037 0.037
Total 1.000 1.000 1.000 1.000 $.000

Related to Method A allocation—

Method A Method B Method C Method D Method E

Accountimg Class

Accident & Health 1.000 1,077 0.857 0.4560 0.5%1
Moter Vehicle 1.000 1.346 0.857 0.751 06.327
Property Damage 1.000 0.845 1,026 0.828 1.254
General Liability 1.000 0.972 1.428 4,272 1.564
Pecuniary Loss 1.000 0.799 1,289 1.882 1.872
Note
Method A : Allocation in proportion to net written premiums,
Method B : Allocation in propartion to net incurred claims.
Method € : Allocation in proportion to 'imputed capital smounts',
Method D : Allocation based on unpredictability of losses.
Method E : Allocation in proportion to snnwal marginal profit.

Assumed
Actual
Marginal
Profit

463
2,967
24,568
2,645
1,167

31,810

APPENDIX B

Assumed
Premium to
Capital
Ratio

2.00
2.00
1.67
1.20
1.33

1.71

imouted
Capital
AMounts

1,464
15,799
40,847
4,902
1,632

64, 64b
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Appendix C©
Risk Theo le
Particular problems arise from
(i) liabilities take >lyr to run off
(ii) covariance of claim amounts (legal precedents setting higher levels of

award etc.)

(iii) claim numbers vary seasonally/secularly

Solutions to these could be:
(i) gllow for sum of diminishing variances over many years
(ii) build in covariance

(iii) wuse compound poisson

For (i) we could say that the variance is only for claims amount, as the numbers
should be relatively certain fairly quickly. Also it is only required for
outstanding claims (though these are likely to be for higher claim amounts).

Consider & single class of business:
Llass A& - characteristics

(a) medium/long tail

(b} large average claim size

(¢) low frequency

(d) profit margin (inc investment income)

e.g.

no. of policies 400,000

no. of claims in year 1 3.02

(poisson with known no.) 2 3.02
3 2.02
4 2.02

Total number of claims 40000
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X lognormal with parameters (u.sigmaz): = (5, 1.6)

with E(X) = 534
Std(X) = 1,844
E(X.X) = 3,685,807
let Cov(Xi.Xj)- 0.002Z of Var(X)

let negative binomiel parameter h = 400

Assume this is year 1 distribution

If we assume each year's development alters u as given below the risk premium is as

follows:

Year u change risk prem
1 0 6,405,464
2 0.2 7,823,651
3 G.4 6,370,553
4 0.6 7,781,011

Total 28,380,579

The variance of the claim distribution is given by
Var(s} = na2+u2(Var(N)-n)+(n2-n+Var(N)).Cov(xi Xj}

case l: poisson - Var(N)=n :Var(S)-naz

2

case 2: Neg Bin - Var(N)-n+n2Ih :Var(S}-n.az+u .nzlh

if n known

Var(S) = n.az-n.u2+(n2-n}.Cov(xi’xj)

Variance is viewed at start of each vear

As an approximation we can regard the number of claims outstanding at each

development year following the initial year of exposure as known, with a lognormal
claim amount distribution.

The variances of the claim distribution is given by the following for each separate

year of origin (the column heading refers to the approximation method employed).
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Year poisson negative poisson + negative binomial
of binomial covariance + covariance
Origin

0 1.47E+11 1.29E+12 2.56E+11 1.40E+12

-1 1.42E+11 1.42E+11 2.22E+11 2.22E+11

-2 1.21E+11 1.21E+11 1.60E+11 1.60E+11

-3 9.03E+10 9.03E+10Q 1.05E+11 1.05E+11
Total 5,.01E+11 1.64E+12 7.43E+11 1.88E+12
Std Dev 707,758 1,280,876 861,685 1,372,040

Suppose we have a second class of business.

Clagss B - characteristics

{(a) shorter tail
(b) smaller average claim size

(c) high frequency

(d) profit margin in premium 102
no. of policies 400,000
no. of claims in year 1 20.01
(poisson with known no.) 2 5.01
3 0.5%
4 0.02
Total number of claims 102000

X lognormal with parameters (u.sigmaz)a = (5, 1.1)

with E(X) - 272
S5td(X) = 417
E(X.X) = 247,707
let Cov(xi,xj)- 0.001% of Var(X)

let negative binomial parameter h = 1000

1f we assume each year’'s development alters u as given below the risk premium
is as follows:
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Year u change risk prem
1 0 21,742,554
2 0.2 6,639,104
3 0.4 810,901
4 0.6 0
Total 29,192,560

then the wvariances are:

Year poisson negative poisson + negative binomial
of binomial covariance + covariance
Origin

0 2.53E+190 7.94E+11 4.34E+10 8.12E+11

-1 5.71E+0%9 5.71E+09 6.96E+09 6.96E+09

-2 7.74E+08 7.74E+08 7.89E+08 7.89E4+08

-3 C.00E+00 0.00E+00 0.00E+00 0.00E+00
Total 3.17E+10 8.00E+11 3.11E+10 8.20E+11
Std Dev 178,172 894,562 226,058 905,327

If we assume the negative binomial describes the freguency distribution and that
there is a covarjiance term in the claim amount distribution then the risk element

for each class as given by their ruin probabilities is givem by:

If class A has a proportion of total capital B then the ruin probability for a
class A is given by

y(e) = BU+L1P1

Std(Sl)
Similarly for class B

yi(e)= (1-B)T +L2P2

Std(sz)
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CLASS A 8U+(10/.90) x 28,380,679

1,372,040

CLASS B (1-B)U+(.05/.95) x 29,192,560

905,327

Suppose solvency margin U te P = 50

then
gross premium = 63,870,266
free capital = 31,985,133

Equating the two implies:

B = 59.22

giving solvency margins for A and B as follows

A 602
B: 402

These results are very sensitive to the choices of the parameters particularly the

negative binomial and covariance parameters.
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