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Subjecf Matter

The incidence and size of claims varies over time and part of this
variation will be of the form of statistical fluctuations which

do not affect the long-term outcome of the business but do have
significant short-term effects on the claims experience. A
fluctuation reserve is a reserve set up in the profitable years to
meet the excess claims in the worse years. Obviously, one must
also consider the question of solvency because claim fluctuations
are part of the variation supposed to be covered by the solvency
margin. The general approach used in this report is

(a) Consideration of risk theory and its application in practice.

(b) Reference to studies preceding the setting up of the EEC

solvency margin to determine the allowance made for claim
fluctuations. A number of European papers updating and
suggesting alternative methods of calculating the solvency
margin have been considered.

(c) A detailed examination of the systems in those countries,
principally Germany and Finland, which already have legislation
regarding fluctuation reserves.

(d) Mention of some of the practical aspects such as taxation

and reinsurance and consideration of further work required on
this subJject.

We will start by considering how far simple risk theory will take
us. ,

Definition of solvency

The usual concept of a solvency margin is an amount sufficient to
meet the deficit (ie claim amount less premiums) in one year, with
a given probability. Although, for supervisory purposes, this ties
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3.2

3.3

in well with the annual reporting of results and the fact that the-
majority of non-life contracts are for one year, the company will
consider itself as a longer term venture rather than just existing
from year to year, 1t is theoretically possible to calculate the
reserve required to remain solvent for any number of years, k{say).
or even for infinite time. The calculation of such a reserve is
difficult invelving convolutions etc¢.but bearing in mind that the
data will only be very approximate anyway we can gauge the effect
of this by examining the total claim amount over k years. If the
variance of the claim amount in one year is 02 then the variance of
the total claim amount over k years is ko€, The formulae for the
required reserves are (using the normal approximation) of the form:

U1 = Y o -AP
Uy =c¥[K = kAP

Where ) is the safety loading and y an appropriate value for the
level of security chosen. If A is around zero Uk = JkU and the
reserve required is going to be 3«4 times as large as the one year
reserve if some reasonable period of 10-20 years is chosen, A~
positive safety loading will reduce the rate of increase in Uk, the
extent depending on the relationship o&/p.

In the two countries, Germany and Finland whose fluctuation reserves
are already established practice this idea of longer term solvency
forms the basis of the calculation of the maximum amount of such
reserves, It is difficult to see why any reserve should have a
maximum limit as they are affording a higher level of protection,but
it is imposed because of the tax concessions granted to these reserves
in the two countries concerned.

Probability of Ruin.

One recurring problem associated with the application of risk theory
is the need to decide upon,and state,the probability of ruin. Whilst
it is understood in the insurance industry that a company could be
adversely affected by a rare combination of events and become insolvernt
it is difficult toimsgine a Government admitting to any stated
probability of ruin in legislation. Even if such a probability were
stated the danger is that for political reasons this probability would
be ludicrously low., When the current EEC solvency margin was being
considered the probability of ruin used was 3 in 10,000, Given the
standard of data available and the approximations necessary this
degree of accuracy seems dubious,

Sources of Variation

The variation in the total claim amount can be attributed to three
sources, Firstly, there are purely random fiuctuations around the
expected number of claims and in the amount of the individual c¢laims
in any one year. It is these fluctuations that simple risk theory
deals with,but in practice these are probably the least important
because of the size of most portfolios and the limiting of
individual risks by reinsurance. A recent paper produced by actuaries
in Belgium calculated the movements of the distribution of the
individual claim amount and used the Normal Power (NP) approximation
to derive the reserves necessary to maintain solvency . The resulting
reserves would be considered very low giving figures of the order of
13% of risk premiums or 8% of total premiums.

Rough calculations carried out on the portfolioc of one UK company



indicated even lcwer margins ranging from 3 per cent for household

to around 7 per ceat for motor as a proportion of risk premiums.
However, it is clear that these random elements

are not the main source of variation in practice. Introducing even

a fairly small amount of variation into the expected number ¢f claims

can have a considerable influence on the size of reserves required.

For example, the motor figure mentioned above increases to 25%

if one allows the expected claim frequency to fluctuate slightly

(up to +10%). Even more startling increases may be obtained by

allowing the possibility of a catastrophe type accumulation of claims,

The third type of fluctuation is a trend in the number, average

amount or shape of the distribution. These may be linear trends due
to economic changes, sudden changes due perhaps to legislative changes
or cycles in economic conditions. Whatever the cause unless the next
value in the sequen~e can be predicted trends of any kind can only
increase the variation.

3.4 Expected amount of claims,

Although risk theory refers a great deal to 'premiums' the whole
basis of risk theory is the expected total amount of c¢laims and the
first few moments of the total amount. When considering solvency

or fluctuation reserves the claims of interest are those occuring in
the next year (or years)., In practice, of course, this expected amount
of claims is unknown and we need some other measure to Jjudge whether a
particular result is above or below the expected amount.

The first variable will be the amount of business written and so
this suggests that the measure should be relative to the earned
premiums., The earned premiums will reflect changes in the expected
amount of c¢laims if:-

(a) Expense and profit loadings remain the same from year to year.

(b) Relative underwriting rates are correct ie The earned premiums
will change in line with the expected amount of claims when there
are changes in the portfolio mixture,

(c) The premium rates have correctly anticipated future trends and in
particular the rate of claims escalation.

The loss ratio (incurred claims/earned premiums) is then a measure of
actual claims to expected claims for the past year and,therefore, an
expected loss ratio together with projected earned premiums could be
used to estimate the future expected clainms, The variance of the
loss ratio will indicate the variance of the estimate,

An alternative is to analyse the distribution of individual claims for
each class and then use convolutions of these to obtain a distribution
of the total claim amount. Apart from being complicated this still
involves a number of problems. Account has to be taken of large

¢laims which could occur, but did not during the period of data collection.

Inflation and future trends still need to be estimated as does the
possible variation in the claim frequencies. Changes in portfolio
mixture will also need to be anticipated, Given the likely quality
of these estimates one wonders whether the extra complexity is
worthwhile (See also Sec. 5). The one advantage that this method
would have is that explicit account could be taken of the companyk
present reinsurance arrangements whereas using the loss ratios one
must assume that these arrangements have been reflected in the
varilance of past loss ratics.

4, The basic idea underlying fluctuation reserves is very simple in that
we wish to smooth a company's results,
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The total claim amount in a given year will fluctuate and so in
'good! (ie low claims) years the company should set aside reserves
to make up the shortfall in *'bad' years. However, this immediately
gives rise to problems such as the definition of *'good! and 'bad'.
Ideally we would use the expected claim amount as the rod against
which to measure the particular year but, as we have seem above, this
is not practical. Instead we shall have to use an average ratio of
some kind., Although claims provide the major source of variation,
does it necessarily follow that the loss ratio is the measurement
that needs to be smoothed?

Expenses do not fluctuate in guite the same way as claims but the
expense ratio can still vary over time as the portfolio mixture.
changes or the rates of claims and expense epcalation differ, There-
fore a logs ratio that is profitable at one point of time might not be
at another. A recent Italian paper by Buoro, Pavesi and Zuchiatti,
described in part 3 of appendix A , has calculated solvency margins
based on operating ratios. The implication is that the standard
deviation is lower because there tends to be an inverse
relationship between the loss ratio and the expense ratio.

In times of high inflation interest rates,and hence a company's
investment earnings,are high., In these circumstances one would
expect the loss ratios {and operating ratios) to be higher than
in times of low inflation,although the extent will depend upon the
class of business and the length of its tail.

It would seem more logical for a company to try to smooth out
fluctuations in its final result (ie its trading profit) than

some constituent part of it because it is this published figure
out of which it has to pay dividends. Even then it is not easy

to decide what constitutes 'smooth' results because a company's
view of its trading result or return on capital will depend upon the
rate of inflation and the rates of return available elsewhere.

Whatever measure is chosen for the smoothing process some care

is needed in the definition. For example, the published loss ratio
will include profit/loss on run-off of prior year claims and using

published UPR figures may lead to a building up of equity in these

reserves, A year that might initially appear profitable may, later
turn out worse if the outstanding claims are underestimated.

Deriving a distribution from past data.

It is going to be necessary to derive at least the mean and standard
deviation of the chosen measurement from past data, in order to be
able to decide whether any given year is 'good' or 'bad'. Obviously
using results over a long period of time is likely to give better
statistical estimates of these parameters,but the longer the obser-
vation period used the more economic conditions etc are going to
change. As mentioned above a loss ratio (say) which appears

tgood! at one time may not be so if achievedin a different economic
climate five years later. There is obviously a need to introduce some
kind of relative measure against which to judge any ratio.

Special consideration needs to be given to companies which are expanding
rapidly or changing the mix of business. The variance of any measure
will be influenced by the size of the company and the type of business
written, so over too long an observation period one will not really be
looking at the same company. Problems will alsc arise with new
companies and finding some method of applying market data, perhaps,to
an individual company.

conttd seseceoscae
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Provided a reasonably long observation period can be used the mean of the
chosen measure can be found with some degree of accuracy but finding

an estimate of the standard deviation is more difficult. This is also
quite crucial because the required solvency/fluctuation reserveis going to
be directly proportional to the standard deviation so any error in its
estimation will be multipled up into the reserve. Appendix &8

show the results of some simulations designed to measure the variance of
the estimate of the standard deviation of a loss ratio over different
observation periods., The results show that even for fairly long
observation periods the estimate of the standard deviation is still
subject to significant errors of estimation.,

One of the main practical complications in examining the size of
fluctuation reserves required is the existing EEC solvency margin
requirements. This solvency margin is generally accepted to cover all
kinds of risks including investment risk, bad management and claim
fluctuation although the proportion notionally allocated to claims seems
to vary from Belgium where this is considered to be the major factor

to Germany where the solvency margin is seen to be entirely for risks
other than claim fluctuation,

it is interesting to return to the origins of the current EEC solvency
margin to discover what factors were considered and look at the
statistical methods and data used., The earliest work was produced

by Prof. Campagne for the OECD in which he collected data on ten
companies in each of seven European countries for the period 1952-57.
The distribution of loss ratios for each country was fitted by a beta
distribution and then combined with the average expense ratio for the
country concerned to calculate the margin necessary to provide the
required level of security.

Details of this calculation for the Netherlands is shown in appendix A

It should be noted that this study only considered fluctuations in loss
ratios, no other factors, and used a ruin probability of 3 in 10,000.
The resulting solvency margins considered necessary varied from 3% of
premiums in Germany to 35% in France with most of the others around

25%.

At about the same time (1961) a committee of actuaries under de Mori
collected data over a longer period (1951-60) for Jjust four countries.
The data was fitted by a normal distribution and the safety margin was
taken as three times the standard deviation with the intention of
allowing slightly for a non-normal distribution. The results were
similar to the Campagne research with the margin for all non~life
business varying from about 3% (Germany} to 35% (Belgium). They then
took a weighted average of the four countries to arrive at a
tBuropean' figure of 24% and, afterwards,'taking irto account the true
position of insurance companies in the six (EEC) countries' reduced
this to 18%, 12% and 8% on three bands of premium income,

The data used in both the above studies is now fairly ancient and
appendix # shows updated figures. A recent Dutch paper has
recalculated the margin required in the Netherlands on the same method
used by Campagne using data for the years 1976~78 from a much larger
number of companies. Whereas the original research gave a margin of
31% for Holland this update arrives at 61% using the ruin probability
of 3 in 10,000, The following changes between the two periods are
notable:-

(a) The average expense ratio has dropped from 53% to 30% of premiums
so that the claims (which is the only part allowed to fluctuate)
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form a far higher proportion of the total.

(b) The overall underwriting profitability has declined. The
ove;all operating ratio has increased from about 96% to
102%.

(¢) The number of companies included in the survey has been
increased from 10 to 71. If the original ten tended to be
the larger companies,then one would expect the standard
deviation ofthe loss ratio to increase as the smaller
undertakings are included.

The reasoning used in the above studies seems a little suspect
in one area, that of the use of the average expense ratio.
Especially when one considers small companies there may well be
a relationship (probably inverse) between the claims ratio and
the expense ratio. As no acaunt is taken of size of venture

or type of business written it is not possible to guage the
contribution of these factors to the overall variance. Looking
at the Dutch study of recent years one must conclude that a
large proportion of these companies must have had operating
ratios exceeding 110% and yet, presumably, the vast majority of
them survived. Between the dates of the two Dutch calculations
the whole economic climate, in particular the importance of
investment income, has changed completely and one wanders
whether the above methods of analysis are suitable in today's
conditions.,

A similar calculation has been carried out using data from the
DoT returns of 10 large UK companies resulting in a margin of
19% of premiums compared with the 61% produced above for the
Dutch companies., It can be seen that the standard deviation of
the expense ratio is almost as large as that of the claims, and
similar remarks to above apply.
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The existing ETC solvency margin requirements are enshrined in

the 1973 non-life establishment directive. The operation of those
requirements are currently being reviewed by the supervisors and
separately by industry organisations, These reviews are
complicated by the differing views on objectives of the margin as
described in 6.3; the wording of the English version of the
directive in fact refers to coveringtbusiness fluctuations! but this
is not too helpful., The directive requires the solvency margin

to be covered by an excess of assets over liabilities but makes

no rulings on how either assets or liabilities are to be valued,
neither does it say what should be included as a liability. A
non-life services directive is currently being drafted and will
cover, to a limited extent, the harmonisation of technical reserves,
As a precursor tothis draft directive, the supervisors of the
member states formed a working group headed by the German supervisor,
Dr Angerer, to rerort on current practices and to make proposals

on harmonisation.

The report eventually produced by Angerer contained a large number
of reservations or minority views on different aspects, The
proposals contained in the report were that the technical reserves
were to consist of unearned premiums, unexpired risks, outstanding
claims, ¢laim fluctuations and atomic risks. The proposals left
some room for differing practices on unexpired risks and outstanding
claims, For claim fluctuations, it left devising an acceptable
formula up to thesupervisors of each state and did not suggest an
EEC - wide standard formula, However the danger would exist of
so?e future harmonisation movement trying to introduce a standard
rile,

The proposal for a non-life Services Directive is published in the
official journal of the European Communities Number C32 of 12 Feb,
1976, Article 3 covers the principles to be observed in calculating
technical reserves and the important provision that such reserves
should be get up under suspension of tax, The final draft of this
Directive will take into account the views of the Angerer working
party and possibly the proposals which have been made separately

in respect of insurance company annual accounts,

A separate submission has been made to the Europnean Communities in
the review of the non-life solvency margin seeking tax-relief on
the increase in that margin. This, and the tax point in 7.3 above,
should be borne in mind when the subject of taxation is discussed
in Sec. 13 of this paper.

The British Insurance Association has been monitoring these
developments and, where possible, influencing them, Recognising
that some type of claim fluctuation reserve may be forced onto
the UK industry, it has set up its own working group to research
current practices and company attitudes in the remander of Europe
on fluctuation reserves and to produce recommendations for an
industry view, At the time of writing this working group has not
produced its report, although this may well be available by the
time of the GIRO seminar in Cambridge.



8. A number of European countries already have provision for some
form of fluctuation reserves and this section sets out the main
characteristics of these reserves for each country, excluding
Germany and Finland which will be dealt with later.

8.1 France

Legislation:- Setting up of reserve is not compulsory but is
texpected! for certain classes of business (hail, storm, flood)
sbject to extreme variation. Tax relief is given on the transfer
to the reserve although there is an upper limit on the reserve
for tax purposes.

Amount:- Each year up to 75% of the underwriting profit may be
transferred to the reserve but all losses must be met from it.
The reserve may accumulate for ten years after which unused
amounts must be transferred back to profits in tummn.

Full details are shown in appendix C
8.2 Holland

Legislation:~ Reserves are not compulsory,but may be set for the
main classes of business. Tax relief is given but the

funds are shown as part of the shareholders fund, not technical
reserves,

Amount:- The total amount of the reserve is limited to 50% of

the earned premiums in the latest year. The transfer each year
cannot be more than 6% of the limit above but it is also restricted
by various rules related to the yeart's profit. The position is
slightly complicated by the taking account of investment losses

in the calculation of the profit.

Full details are shown in appendix C
8.3 Denmark

Legislation:- Companies specialising in storm and hail classes are
expected to set up equalisation reserves such that 'the additional
premiums required are not out of proportion with the expectations
of policyholders'. (The companies affected are small mutuals).

Tax relief is given.

Amount:~- Not specified - method of calculation is determined by
company subject to approval by supervisory authority. The overall

practical effect is insignificant as such companies are quite
small.

8.4 Italy

No statutory provision except for hail insurance which is dealt
with on a pooled basis. Some companies do set up fluctuation
reserves but there is no tax relief,

9. Germany has legislation for fluctuation reserves covering all
classes of business which has been in force for a number of years,
The rules of the system are laid down in the legislation and there
is very little flexibility for an individual company. For this
reason, and slsoe because much eof the pressure for statutory fluctuation
reserves within the EEC originate in Germany, we have examined the
German system in some depth.Attached note * gives a full description
of the system and so we will limit our consideration here to

commenting on the main points in the light of the earlier

* Paper 1 by Mike Oakes
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theoretical discussion.

The German system aims in theory to calculate a reserve such

that the probability of 'ruin'r¥ie the reserve running out) is

less than 5% over a number of years known as the equalisation
period. This equalisation period is chosen such that it is
unlikely (prob. @ .05) that one years excess loss will exceed

5% of the total risk premiums in the period. The length of

this equalisation period will obviously vary depending on the
variability of the class of business,but it is maintained that

when the distributions are examined,and the reserve discounted that
a constant figure of 4.5 standard deviations emerges for the reserve
regardless of class of business, The probability of 'ruin' of 5%
would seem high at first sight but a separate reserve is being
calculated for each class of business so the ruin probability of the

Company as a whole will depend on the number of classes written and
the mixture.

An adjustment is made to the above amount to allowfor the average
profitability of the business. A 'border line' loss ratio is
calculated based on the average expense ratio over the past three
years, such that an operating ratio of 100% is achieved. The
difference between the borderiine loss ratio and the average loss
ratio gives the average profitability. The multiplier of 3 used in
this adjustment is difficult to Justify as one would have expected
this to be the total profit over the equalisation period suitably
discounted ,but this does not seem to fit in with the figures quoted
in the literature. Perhaps this figure also 'emerged' from the tests
conducted on various classes!

The calculation of the profitability does not take account of the
fact that some of the loss ratios included in the average loss
ratio may have occurred when the expense ratio was very different,
ie A low loss ratio of ten years ago may look good when considered
with todays expense ratio but may have produced a loss combined
with the expense ratio of ten years ago.

The average and standard deviation of the loss ratio are derived
from the loss ratios of the past fifteen years. Mention has

already been made of possible errors in estimation of the standard
deviation and this could be significant when combined with the

rule that no reserve is necessary if the standard deviation is less
than 5%. For a true standard deviation near 5% the measured standard
deviation could Jjump around from above to below and vice versa every
few years with the reserve jumping from O to 22.5%% of premiums (less
profit adjustment)., It seems rather unnecessary to introduce a
discontinuity. If a reserve is required at 5.1% why not for 4,9%%

The derivation of the theoretical amount of the reserve includes

the discounting of this amount for interest. Therefore, when the
transfer to the reserve each year is being calculated one ever
present element (regardless of loss or profit) is the interest

on the theoretical amount. This amount goes to build up the

reserves and means that the profit after transfer is less than the
profit before transfer until the actual loss ratio for the year rises
several points above the average loss ratio (see section 5 ofPaper 1),

Appendix E shows the results of some simulations of the German System
on a company whose loss ratios are assumed to be independant from
year and log normally distributed (some results are also shown on

the basis of a normal distribution). A measure of the 'success!

Cont'd seee
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10.1

of the smoothing process is required and the obvious comparison

to make is that of the standard deviation of the loss ratios after the
transfer against the original standard deviation. The smoothing
process is most effective when the average loss ratio is high which is
what one would expect,because when there is no safety margin in

the premiums all the profits and losses are transferred directly

to or from the reserve. When the average loss ratio is low the
profitability deduction comes into effect and it can be seen that

for an average loss ratio of 50% and standard deviation below

10% no reserve at all is required throughout the 100 year periocd.,

The attitude seems to be that it is quite all right for results

to fluctuate provided they are profitable results suggesting the

main concern is solvency rather than smoothing, However, an
interesting position arises if one considers a company writing two
classes of business one of which is profitable and the other not so.
The high loss ratio would tend to be smoothed to the average whilst
the low one would fluctuate unaltered., If there were any negative
correlation between the two classes the overall !'smoothed' result
would be more variable than the original.

The only Jjustification mentioned anywhere in the German literature
for calculating reserves for each class of business separately is
that they wished to avoid cross-subsidies betwsen classes, However
it can be seen that this system does not prevent this happening in
any way. This subject will be returned to later.

Appendix E also show figures for the situation in which premiums

are increasing at 10% p.a. It can be seen that the averages of

the smoothed loss ratios are higher than the averages of the original
loss ratios reflecting the cost of building up the fluctuation
reserve as the premiums increase, Also ,the number of years in which
the reserve is entirely wiped out increases significantly as a
current loss is larger,in monetary terms, that the profits stored

up from previous years,

We now turn our attention to Finland where fluctuation reserves have
been included in legislation since 1953. The reserve is held to
cover all fluctuations in claims and there is no additional solvency
margin requirement although there are other regulations aimed at
other causes of insolvency { presumably, on assets etc). As there
is no additional solvency margin the reserve has a minimum value
greater than zero required before business can be written. Details
of the Finnish system are shown in Paper 2* and here we will just
mention the main points and compare and contrast these with the
German system,

*by Henry Karsten
The formulae used in the calculations are hased on risk theory.
A company uses its own data to compute the distribution function
of each class of business and then combines these using the
expected number of claims in each class to produce the distribution
function of the total c¢laim amount. The supervisory authority
publishes market data for each class,especially fr the tail of
the distributions,and gives factors for the effect of different
levels of net retention. The supervisory authority also lays down
certain adjustments to be made to allow for fluctuations in the
basic ¢laim probabilities.

In practice there are various approximations which may be used and
the full calculations are carried out only if a company is near
one of the limits,

10.2 The lower limit is set such that the total reserves of the company

(incl. shareholders capital) are sufficient to ensure solvency over



one year with a probability of 0.99. The extra reserve (in addition
to shareholders funds) cannot be negative and there is the further
restriction that the total reserves must be larger than the greatest
realistically possible size of a single claim (net of reinsurance).

The upper limit is such that the reserve alone (without taking account
of free assets) is sufficient to ensure solvency for five-years with a
probability of 0.99, The upper limit is at least twice the largest
possible single claim.

Although the Finnish system takes account of the mix of business by class,
the reserve is clearly calculated on the basis of the company's total
business in contrast to the individual class reserves held in Germany. The
syatem is also clearly based on the concept of solvency for a number of

years rather than 'equalising' claims over some artificially designated
period.

10,5 The calculation of the reserve includes discounting for interest and the
transfer to the reserve each year includes interest on the initial
reserve at a specified rate (5%).

10.4 As in Germany the reserves are considered part of the technical reserves
and qualify for tax relief. The Finnish reserve is included in the
outstanding claim reserve.

10.5 The transfer to,or from,the reserve is computed by comparing the currest
loss ratio with the average for the past five years and transferring the
ditference., This is done individually for each class of business, although
there is only one reserve subject to the overall limits above, In
addition the company, may agree with the supervisor to transfer a fixed
percentage of premiums (between O and 15%) each year presumably to build
up the reserve. There is no profitabiiity adjustment.

10.6 Quite recently a special research group, headed by Pentikainen, has been
set up in Finland to review the whole system. We wrote to Pentikainen »
who sent us a most useful letter and the preliminary report of the above
group. Most interesting, at this Juncture,are his replies to our questims

regarding their experience of the system in practice and why a review is
necesgsary.

(a) The data available in 1953 was inadequate and the review will
include more extensive collection of recent data.

(b) The original method was conceived in the pre-inflationary era, and
may not be flexible enough in current conditions.

{(c) The total fluctuation reserves held by Finnish companies have risen
from 30% of premiums in 1970 to over 90% in 1979. This is upsetting
both the fiscal authorities and the newly formed consumer groups.

{(d) At the same time free assets now only amount to 15% of premiums,

(e) Although no insurance company has actually become insolvent nearly

half the companies operating 30 years ago have disappeared through
rergers, many enforced,

As the free assetsof the companies have fallen so low Finnish insurers
have had to give details of fluctuation reserves to foreign supervisors
to show solvency and the increasing disclosure combined with increasing
size is bringing pressure for chang and hence the hasty formation of
the research group.



11 A basic assumption of risk theory which is built inte both the
German and Finnish systems is the assumption that the results of
one year-are totally independent of any other year's results.

11,1 There is a great deal of economic literature devoted to the subject
of business cycles and if a companys insured are being affected
by these cycles then they must work through to the results of the
company itself. In addition insurance business creates its own
cycles because of the delays involved in,firstly,assessing that
premium rates are inadequate and then taking corrective action.
Even if premium rates are increased immediately following a year's
results (assuming underestimation of claims etc. is not hiding the
facts), it will be a full year before these are fully reflected in
the earned premiums, On top of this there is a tendency for more
companies to enter the market when nrofits are high forcing rates
down and then pulling out when profits fall.

11.2 The independence assumption means that the probability of ruin
over the next year depends only on the level of the free assets
at the bheginning of the year and does not take account of how this
position was reached. ie whether the reserves have been building
up from good profits or depleted by losses to reach their current
level, The relevant question is really whether the probability of
a given result is the same regardless of the results of prior years.
This is very similar to the problems involved in maturity guarantees
on unit-linked policies where there are cycles in the equity market.

11.3 Appendix F shows the effects on the simulations of the German
system using a four year moving average instead of the random
values. These new results are shown in square brackets. These few
results suggest that the German method may bewulnerable to cyclical
results on two counts.

1. The maximum reserve of 4.5 times the standard deviation is
inadeguate to withstand runs of high losses as one might
expect because the independsme was assumed in calculating the equal-
isation period and standard deviation. During a prolonged period
without fluctuation reserve there is obviously no smoothing
of the results.

2. In a cyclical situation the average of the last 15 years is a
less efficient estimator of the true underlying mean. Therefore,
for example, where the previous 15 years includes more high
cycles than low cycles the German method misinterprets an
average loss as below average and makes a contribution to the
reserve that is not Jjustified. Comment has already been made on
the estimation of the standard deviation and this problem is
obviously compounded. '

It is hoped that some further results on the use of different
cyclical models will be available at the Cambridge conference,

11,4 The research group in Finland, mentioned above, have published
some mreliminary comments on the methods they intend to employ, One
of the suggested lines of investigation is a study of cycles,both
those caused by exogenous economic factors and 'the market
mechanism of the insurance industry itself!'.

12.1 One of the main differences between the German and Finnish systems
was that the German method creates a separate reserve for each class
of business instead of the whole portfolio., In fact although the
rules state that separate reserves must be held for a minimum number
of classes the insurers have the option to further subdivide the
classes. Obviously, this subdivision will usu~lly create a greater

cont'd sicees
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13.3

overall reserve. Can this practice be Jjustified theoretically?

As we have seen the calculations for the fluctuation reserves have
as their theoretical basis a definition of solvency and surely it is
only meaningful to talk about the solvency of a company not of an
individual class of business (or some optional sub-group of a class).
To do otherwise would destroy many of the advantages of size and
diversification. The only Jjustification put forward for this
sub-division is that each class should be self financing,but
fluctuation reserves of themselves do not ensure this because
fluctuations are merely smoothed out to the high average loss ratio.
The Finnish system adopts the opposite view in that the reserve is
calculated over the whole business and each class contributes to the
reserves according to its own individual profitability.

Whilst the objective of making each class pay for 1tself may be
desirable ,both from the point of view of the company and the
supervisory authority,there must be easiler ways of achieving it
than by accumulating unnecessary reserves, There is the suspicion
that this subdivision has more to do with the German insurers
wishing to maintain the size of the tax-free reserve than with

any other objective,

Readers will have noticed that taxation or the lack of it has been
refered to a number of times in the last few pages because in practice
it is the crucial point. At the present time increases in the EEC
solvency margin have to be financed from post-tax profits or by
raising more capital, In the UK most large companies have actual
solvency margins in excess of 40% and do not try to operate with a mar-
gin close to the statutory 16% {(approx.). In effect they hold an
extra reserve to cover fluctuations, not necessarily in claims,which
could make them technically insolvent (i.e. below 16% rather than
actually bankrupt). In Germany the insurers hold large fluctuation
reserves which mean that they are able to operate on solvency

margins much nearer 16%, Obviously the tax-relief given to the
fluctuation reserves makes it far more efficient to boost the
fluctuation reserve and only increase the shareholders funds when
absolutely necessary.

Before determining whether tax-relief on either the solvency

margin or fluctuation reserve is justified one needs to decide

who these reserves are designed to benefit, The solvency margin

iz quite clearly there to pretect the policyholder,but the fluctuation
reserve is not so clear cut., Whilst a fluctuation reserve may smooth
results and ensure the longer term survival of the company does

the policyholder really care? If his potential liability is virtually
100% safe anyway is he concerned? The only possible advantage to

the policyholder is that companies might use the reserves to ride

out bad patches and premium rates might progress more evenly. The
management of the company itself would be happier at the extra
cushion (especially actuaries - would almost be like a life company!).
The government might be happy to see a stable industry but someone

has got to provide the money to build up these reserves and they would
not like that someone to be the policyholder (through premiums) or
themselves (through tax-relief).

If a reserve is imposed by statute to protect policyholders then
a reasonable case can be made for tax-relief and its treatment as a

conttd ...



technical reserve, However, as things stand at present, the
increase in the solvency margin would seem to have vrior claim over
fluctuation reserves as presently defined.

14 Fluctuation Reserves and Reinsurance

14,1 When considering the level of fluctuation reserves which is
required for a portfolio no investigation can be complete
without looking at the nature and levels of reinsurance operating
on that portfolio.

14,2 Initially, to optimise the requirements for reinsurance, the
account should be investigated on a gross basis and the overall
fluctuations within the account have to be considered in depth.
The investigation has to consider all aspects of reinsurance
requirements but the major consideration must be to protect
the account so that if any undue fluctuation occurs on the
gross acocount, the net account will be totally protected and
solvency nust be maintained,

14,3 The account first of all has to be divided into the major classes of
business and the element of fluctuation must be considered within
each of these classes of business, bearing in mind the expected
incidence of claim and alzo the distribution of the size of claims
expected, After detailed consideration the overall account has to
be looked at to ensure that any one event will result in accumulations
of liabilities is totally catered for,

14,4 The decision then has to be made on the effects of reinsurance on
reducing filuctuations and then onvhat reserves it may be felt
appropriate to hold internally for the net account to cater for
situations which will not be covered by the reinsurance programme,

14,5 The level of fluctuations and the reserves required obviously
varies from class of business to class of business and whether
the account being looked at is mainly a direct account or a
reinsurance account., Different considerations may be required
for a reinsurance account where larger fluctuations and
accumulations are likely to oceur.

14,6 The balance between the level of internal fluctuations to be held
and the balance between reinsurance required is difficult to assess
at the correct level. The major criteria at the end of the day
is as already stated, to protect the account for solvency
purposes but also an even flow of dividend to shareholders must
be considered as an equally high priority, At the end of the
day the major considerations must be on the overall financial
costs to the Company and although much detailed technical work
can be carried out on the account overall financial considerations
will determine the final policy to be followed.

1% Where Next?

Owing to the time available and our limited knowledge of fluctuation
reserves at the outset this has, of necessity, been a report on
what is already happening elsewhere rather thon a research into
the need for fluctuation reserves in the UK. The problem can really
be consgidered in two ways,one thegretical, the other practical,



15.1 Let us first forget all existing legislation etc. and concentrate

15,2

15.3

15.4

15.5

on the theorectical problem of designing a system which will
fulfil two objectives.

(a) To maintain solvency with a given probability, and
(p) To smooth a companys results over a long period of time,

The relationship between the two obJjectives will depend on whether
one accepts the basic risk theory assumption of independence
between years, If independence is assumed then the amount required
to maintain solvency remains the same irrespective of the

earlier results unless those results alter one's opinion of the
underlying model, In this case the flutuation reserve will be
separate and will be designed to reach zero only occassionally

at which point the excess loss will have to be met from outside
sources (i.e. free assets other than the solvency margin)., On
the other hand if one takes the view that there is an underlying
model to the results the amount required for solvency purposes
will vary from year to year depending on the expectation of the
future which is no longer the same regardless of past years,

The fluctuation reserve would also depend on the pogition in the
cycle and would move in the same direction as the amount required
for solvency. In this case it would seem logical to have just one

reserve with a more stringent restriction on the probability
of ruin.

If one is going to undertake regearch into fluctuations in
claims which is only one of the possible causes of insolvency
then there should, at the same time, be some research into bases
for covering the other causes,

Any solvency/fluctuation reserve requirement based solely

on claims is going to produce very different answers for
different classes of business and size of company. If,

instead, one considered the total result of a company's business
{eg trading profit) a more uniform method is likely to emerge as
the effects of expenses and interest counteract the variation in
claim amounts.

The practical approach is to assume that the EEC legislation

on solvency margins remains more or less the same as at present,
which seems the most probable ocutcome of the current review, but that
the non-liie services directive mentioned in 7,1 will contain an
opportunity for each supervisory authority to devise its own

formulae for fluctuation reserves in addition. What then would be

the profession's (or industry's) position in dealing with the DOT
ete,?

Essential topics that need to be covered are:-~

(a) Classes of business = should these be restricted to the
more variable classes? If one takes the view that solvency
margin makes some allowance for claim fluctuations it
could be argued that an extra reserve is only reguired
when the more volatile classes form 2 major part of the
business.

(b) Reserve for each class? As stated earlier we feel that a
fluctuation reserve can only be based on the business as

conttd ...
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(d)
(e)

()

(g)

a whole,

All fluctuations or Just some of them? Following the

line of (a) one could argue that only extreme fluctuations
need be covered as "normal! fluctuations could be considered
covered by the solvency margin, e.g. lnstead of aiming tor

a constant loss ratio as the Germans do could aim to restract
it within certain limits within plus or minus LO%w of the
estimated average, Ior examnle.

pasis of measurement, Loss ratios or {trading prorxt?

Theoretical models. Even 1or practical purposes we need a model
ot the insurance market on which to base calculations.

Taxation. Logically narmonisation ol tecnnical reserves in the
EeC would lead to narmonlsation o1 taxation principles but would
it in practaice?

small companies. Need to build up market data etc for use
on small or new companies with insufticient past experience
for calculation purposes.



SOLVENLCY MARGIN IN NON-LIFE INSURANCE COMPANIES

In any discussion concerning fluctuation reserves the solvency margin
must be taken into account. The solvency margin, though necessary in
maintaining the security of & company, generates much discussion on
what size of margin is needed for that security. This section mentions
the ways that have been used to arrive &t the size of margin required
for that security. The following papers have been written on this
subject, but no account has been taken of the risks in the investment
field,

i, The Sclvency Margin in Non=Life Companies by De Wit and Kastelijn.

This paper reconstructs the original work done by an O,E.C.D.
working party paper dated 11,3.61 by Professor Compagne which
surveyed ten companies in each of Denmark, France, Germany,
Gt. Britain, Italy, Holland and Sweden and updates it with
reference to Holland with more recent information.

a) The Original Work from O.E.C.D, Report.

The research covered the pericd of years 1952-1957. The
ostimated solvency margin is based on an analysis of the
claims ratios defined as the claims paid for own account,
oxprossed as a percentage of the net receilved premiums

with the expense ratic taken into account in arriving at

the solvency margin needed, The expense ratio is defined

as the expenses and commission after deduciion of commission
received from reinsurers expressed as a percentage of the
net received premium,

The information from the ten Dutch companies produced 53
figures, The average claims ratio was 43 and the average
expense ratio 53,

The dilstribution used to represent these claims ratios was
a Beta distribution,

B(p,q)
= 0 for xso or le
_ 1 .p-1l,. ..q=1_ _ _ Ep) IE.) _ (p-D)i(g-)}

where p andq are the parameters of the distribhution, and x
the claims ratio,



b)

P

The mean of the distribution is u = ——

pa
(p+q)“(p+q+1)

%
and the variance Gﬁ

The mean was«43 and standard deviation 0.085 with p and g
becoming p = 12.9, g = 16.9

Making use of the distribution laid down above, the claims
ratio, which has a probability of ruin of 0.3%, comes out at
78. This means that if one can finance a claims ratio of 78
with the total security, the chance of bvankruptey is only 3
in 10,000,

The calculation of the solvency margin is then:

Net retained premium 100

Expense ratio 53

For claims payments

remains 47

Maximum claims ratio s
Solvency margin 3l

Updating the O.E.C.D. Report,

The period covered was the three years 1976-78 with informa-
tion from 71 Dutch companies, giving 213 figures, The
definitions were:

Expense ratio - the expenses and commission before deduction
0f the commission received from reinsurers, expressed as a
percentage of the gross earned premium,

Claims ratio - the gross incurred claims expressed as a
percentage of the gross earned premium,

The claims ratios were much higher than the 0.E.C.D. report
and claims ratios greater than 100 oceurred frequently, and
a distribution of claims ratiocs between O to 150 were chosen,
The data was transformed to fit the beta distribution by
dividing by 1.5 so that the range of clazims ratios was 0O to
100,

The average claims ratio was 71.7 and standard deviation 19.4
with the transformed values of 47.8 and 12,9 respectively.
The values of p and q were p = 6.68 and q = 7,30,



3.

The average expense ratio was found to be 30%.

The calculation of the sclvency margin is then:

With probability of ruin 1% 1% 0.3%
Earned premjium 100 100 10C
Expense ratio 30 30 30
For Claims Payments remains 70 70 70
Maximum claims ratio 116 126 131
Selvency margin 46 56 61

Application of the above to 10 large U.K, companies,

The data was obtained from the D,0Q.T, schedules I and II and covered
the period 1971-~78 which provided 75 figures. Netf claims ratios were
calculated expressed as a percentage of the net earned premium,

The mean was 66,29 and standard deviation 4.73 with ¢ = 33,33 and
p = 65,585,

The average expense ratio was 33,59 with a standard deviation of
3.16 expressed as a percentage of the net earned premiums,

The calculation of the solvency margin is then:

With probability of ruin 1% 1% 0.3%
FEarned premium 100 100 100
Expense ratio _34 34 _34
For c¢claims payments remains 66 66 66
Maximum claims ratio 82 B4 85
Solvency margin 16 18 1l

Observations on the Method of Calculation of the Solvency Margin
by Buoro, Pavesi and Zuchiatti,

The above paper comments on the O,E.C,D, working group's findings
with the object of updating the research and putting forward a
new method of calculating the solvency margin,

The authors concentrated on the operating ratio rather than the
claims ratio.

The data covered the period of five ysars from 1973-1977, The
balance sheets of five Italian, French, German and British companies
provided the information.



Definitions:
(a) G(Insurers Gain) = P(Premiums) - E(Expenses) - 35(Claims)
(b) W(Operating Ratioc) :fE + 5 /P

The intention is to find the value of the company's capital, qQ,
such that:

G Q £
= = - W - -
Prob (P 1 < P) Po
where the ro 1is the ruin probability,

Unlike the Dutch paper, the normal distribution has been used
from which the equations follow with G/P = 2

Q
- /p - 'z - m)2
ﬁl% e 2e” dz

< Po
-0
ULV 3 N
- —l
gives ~T§%?$ e u/2 du $ Po where m = 1 - E(W)
—d &%= var (W)

Ancther difference from the Dutch paper is that the ruin probability
used is .003, rather than ,0003 in the Dutch analysis., Both analyses
¢laim to compare with the original O0.E,C.D. paper which we have been
unable to obtain.

The caleculation is based on the formula:

Solvency Margin (SM) required

= Normal Disiribution Deviate corresponding to ruin probability x
standard deviation + ¢perating ratio minus 1,

E.g. For Italy where the mean operating ratio is 106.8% and the
standard deviation is 5,23%, the calculation is:

a) With prob, 0,003

SM% = 2.75 x 5,23 + 106.8 - 100 = 21.2%
b) With prob. 0.0003
SM% = 3,43 x 5.23 + 106,8 ~ 100 = 24,7%

The corresponding figures are for Germany 10.3%, France 11.3% and
Britain 11,4% for prob. 0,003.

The investment income was also considered so that once this has
been deducted from the above figures at a rate of 6,3% of Premium,



which corresponded with the lowest rate obtained from any of
the countries analysed, the figures become Italy 14,9%,
Germany 4.0%, Prance 5.5% and Britain 5.1% for prob. 0.003.

Following the above, the authors put forward the following
formula for calculating the solvency margin for each company,
Solvency Margin = P [(ﬁ -1) + 2.56‘]
W = Average operating ratio during the last five years,
P = Annual premium volume,

= Standard deviation of the distribution of the ratios
W during the last five years,

Application of (3) to the same ten U.K, companies analysed in (2),

The operating ratic has a mean of 92,88% with a standard deviation
of 3.59%.

a) With prob., 0.003

SM% = 2,75 x 3,89 + (¢9.88 - 100) = 9.75%
b) With prob, 0.0003
SM% = 3.43 x 3,59 +  (99.88 - 100) = 12.19%

The above SM's required would be much lower if interest income is
taken into account,

J. Ryan
16 July 1980



This note shows the results of simulations designed to demonstrate
the variance of estimates, derived from past data, of the standard
deviation of the loss ratio.

The loss ratio is assumed to be log-normally distributed with mean

60 and variance s, Loss ratios are simulated for R years (the
observation period) and the standard deviation calculated. This was
then repeated 100 times for each pair (S,R) and the standard deviation
of the estimateof 3 calculated,

Observation period (n)

5 10 15

True standard 5 1.67(32%)  1.15(23%) 1.04(21%)
deviation (s)
10 3.96(40%) 2.85(29%) 2.16(22%)
15 5.84(39%)  4.29(29%) 3.69(25%)
20 - 6.09{30%) 5.38(27%)

Figures in brackets show standard deviation of estimate as percentage
of true figure (s).

Even for fairly long observation period errors of 25% + would be common
{(with one standard deviation) and 50% + would occur occasionally (2
standard deviations).



EQUALISATION RESERVES

Report by the Europe Unit on (i) the French System of Equalisation
Reservea, and {ii) Article 3.3 of cthe EEC Hon-Lifuv Services Directive

DESCRIPTION OF THE FRENCH SCHEME

Scope

The scheme applies to the following classes of insurance and
reinsurance:-

1 Nail damage

2, Storm damage, hurricanes, ¢yclones

3. Other natural elements (eg froet, floods, earthquakee ete)
4, Atomic energy

5, Public liability arising out of pollution

The reserve created for each class is kept distinct from any
reserve for any of the other classes.

Annual Transfer To Reserve

This is limited to 75X of the "rechnical profit" of the class of
business concerned. "Technical profit" is defined in Article 2
of the decree,

Legislative Background

There was no fiscal "statutory" provision until 1974

when equalisation reserves, although not compulsory,

could be subject to a claim for tax exemption according

to the risk groups specified. The statistics required and
risk groups specified do not coincide with those in

the annual returns to the supervisor.

Following the change in fiscal law, the supervisory

law was extended to accommodate a claims equalisation
reserve.



10-Year Limit

Any annunl transfer to the reserve which ‘it has not been pocsible
to use by covering losses 1% required to be addod back to the
taxable profits (or the llth year following that in which it

was made,

Option To Operate The Scheme

The wording of the scheme implies in several places that the
scheme ia optional. Tie precise nature of the option 18 not
spelt oul, except that (as noted ahove) the annual transfer is
limited to 75% of the “technienl profit™; the implication is
that it could be any smailer amount, down to ail.

Territorial Liwmit

The scheme i confined to French business, so that the premiums,
profits and loasrs takea into account are confinced Lo those
arising [rowm French businces,

Entry Into Force

The years for which tranefers to the reserves can be debited for
tax purposes are those closing after let January 1975.

COMMENTS ON THE FRENCH SCHEMF

OEtion

As noted above, the acheme is pptional,

Rot A Catastrophe Reserve

From the [act that the reserve must be veed whonever there is a
losa, regardless of ite cause, it can be geen that this ia not a
catastrophe reserve,

Poasaible Benecfit Of The Scheme

Smoothing out taxable profite in a particular country - a result to
be expected from a scheme of thie kind - can help mitigate a8 tax
similar to the UK's advance corporation tax. This point is not
relevant to France itaelf, but should he borne in mind in conaidering
whether o seek oadootion of the French arheme mare widalw



CHARACTERISTICS OF THE PHENOMENON . KNOWMN IN THE NETHERLANDS AS “EGALISATIERESERVE®
(titeralty "EQUALISATION RESERVE"),

L.The name

The term "reserveMbrings to mind the usual reserves found in insurance -
mathematical reserves,unexpired risks reserves,increasing arge reserves ete,
The equalisation reserve cannot be classed with these reserves as some of
them are in fact debts.Consenuently the term "egualisation reserve™is not

& good cholce It ° is confUSing and-all in all not strictly correct.In French

we would iike to replace i% by the term " fonds d'égalisatlon“(oqualisation-
fund)and this will be used throughout.

2.Distinctive nature
¥hy was the equalisation fund set up in the first place?

¥When insurers calculate the appropriate premium for insuring a particular

risk they take as a basis.the frequency with which losses occur in this
particular field.Even if they can accurately forecast the frequency they
do not know how this frequency will occur over a given period of {ime,For
example an event insured against may occur very infrequently or not at ail
during one particular year whilst another year the event insured against
may occur frequently and be very sizeable thus giving rise to a serious situation.
Seen in this light 4t is logical for the tax authorities to exempt
insurers from decliring all the profit made in years when losses were

below average as taxable income.In return in years when results are poor
they will not be conpletely shouldered by the tax authorities.The next
step is to set uvp an equalisation fund so as to accomplish the scheme
outlined above,or at least go some way towards doing this.

3shecounting

The cqualisation fund is nol recally a reserve and so it does not appear on
the balance sheet.In short a company which sets up an equalisation fund
has paid too little ih the way of contributions in the pasi thus
strenpgthening its reserves.On the other hand 'the tax authoritics are the
ereditor of the company in qiestion.In the event of invesimont losses,
nepative technical results or loss of pr&fits thé'compnn} has to add part
of its equalisation fund to its tax profit.It is for this reason that
Duteh insurers have made provisions vis-X-vis this debt,Wo accounts are
kept for the equatisation fund,



[QUALIZATION RESERVE

e b o ——

Order in Council no. 414 of 18 th July 1972, laying down the ossessment

of the Insurers' Reserves Order,
(this translation is not authorized; it is only to your informotion).

ArticigJ;ln this Order:

(o) "life assurer"-mecans a laxpayer transocting the business of life assurance;
(b) "non-life insurer” mecons o toxpayer tronsociing the business of non-life insuronce;
(c) "premium reserve” meons actuarial reserve, net of reassuronce;
(d) "premiums" means net retoined premiums;
{e) "commissions" meons commissions for own account;
L1} - L1} - - *
(9) "claims" meons cloims incurred, net of 1einsuronce;

{g) "sum insured"” meons sum insured for own occount,

Article 2, Life assurers and non-life insurers may form on equalizotion reserve,

Ariicfe 3.

V. In the cose of o life assurer the equalization resesve sholl nol exceed five per

cent, of the premium resecve os ol the end of the year.

2. In the cose of a non-life insurer the equplizolion reserve shall not txceed fifty
per cenl, of the premiums for the yeor. Premiums in respect of nuclear insurances

shall not be taken into account,

Article 4,

1. The amount which moy be transferred to the cqualization reserve out of profits
shall not in any onc year exceed: |
(a) for:
(Y) o life assurer: four per cent. of the maximum laid down in Article 3, section |
(2) @ non-life insurer: six per cent, of the moximum {aid down in Acticle 3,

seclion 2;



-

{b) fiflty per cent. of the profit for the year available for transfer to the reserve,
computed without applying Article 3;

(c) the toxable income or the taxable income from domestic operations, computed
before ony addition ond the extro addition to the reserve os referred to in
Article 5;

2. The fifty per cent, referred to in section 1, subsection (b}, shol!l in the cose
of a non-life insurer be increosed to three-fourths if and so far os upon such

addition the rgserve does not exceed ten per cent, of the premiums for the year.

Acticle 5.

1. An extra addition moy be made to the reserve up to the amount by which the
equalization reserve has been reduced in accordance with Article §, section 1
subsection (b}, Such addition sholl not in ony one year exceed:

{o) the sum of:
(1) the omount by which the moximum computed on the bosis of Article 4,
section 1, subsection (b) exceeds the maximum compuied on the bosis of
the said Article, section 1, subsection (a); and
{2} the positive balance of profits and losses for the year in relation to the
value of the investments up to on amount not exceeding half of the moximum

computed on the basis of Article 4, section 1, subsection (b);

{b) the taxable income or the taxable income from domestic operations, computed

without any extra oddition to the reserve,
2. In the cose of a non-life insurer, Article 4, section 2, sholl apply in respect of the

first-mentioned moximum referred to in section 1, subsection {a), sub (1).

Article 6,

Y. From the equolization reserve shall be added to profits so for as possible and in the
following order:
{a) for:
(1) a life assurer: on amount equal to that by which the premium reserve for the
yeor iricreoses as a result of a revision of the bases ond methods odopted in

compuling the premium resesve;
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{2} a non-life insurer: an amount equol to the underwriting loss in respect
of a class of business, not exceeding the amount which on the basis of the
premivms from the lines of business constituling the seid class of Lusiness
may be included in the maximum of the reserve to be computed on the basis

of Article 3, section 2;

{b) an amount equal to the negative bolonce of profits ond losses for the year in
relation to the value of the investments; when colculating the said balance,
profits ond losses oiising from a substontial reduction in business operations

shall not be tcken into occount.

{c) an amount equol o the negotive oufcome of the computation of the taxable
inqome or of the income from domestic operations upplying subsections (a)

and (b).

Any addition to profits in pursuonce of section 1, subsections (o} and (b}, sholl

be restricied 1o the amount of the reserve before applying Articles 4 ond 5.

If as ot the end of any one year the reserve exceeds the shareholders' tquity less

the paid-up capitol and less the other allowable reserves, the excess shall be added
to the profit for the year. When determining the shareholders’ equity, distcibutions
not deductable when ascertaining the profit ond similor poyments made ofter the end
of the year but relating to that particular year or previous yeors shall clso be

considered os liobilities,

The underwriting result in respect of o class of business of a non-{ife insurer meons
the balance of the premiums for the year - net of commissions due thereon - ond the
cloims for the year, with the proviso thot premiums, ‘commissions and claims so for os

they opply to nuclear insurances sholl not be token into account,

The insuronces transocted by o non-life insurer sholl be divided into the following
four classes of business:

{o)} fire, including windstorm;

(b} accident and sickness;

{c) miscelloneous;

(d) marine ond avistion,



Article 7,

Non-life insurers moy form a cotasirophe reserve in respect of nuclear risks.,

Article B.

The cotastrophe reserve shall not exceed the sum insured in respect of nuclear risks

as ot:-the end of any one yeaor,

Asticle 9,

1. TRe omount which may be transferred to the catastrophe reserve out of profits
shall not in any one year exceed:
(o) fifty per cent. of the underwriting profit in respect of nuclear insurances;
(b) the profit for the yeor availoble for transfer to the reserve, _compuled.without
applying Articles 4 and 5;
{c) the taxoble income or the taxable income from domestic operations, computed
before ony oddition lo the reserve ond without the odditions 1o the equalization

reserve os refecred to in Articles 4 and 5.

2. The underwriting result in respect of nuclear insuronces meons the balance of the

premiums for the year - net of commissions due thereon = and the claims for the year,

Arlicle 10,

1. From the cotastrophe reserve sholl be tronsferred to profits so far os possible ond in the
following order:
{0} on amount equal 1o the underwriting loss in respect of nuclear insuronces;
{b) an omount equal to the negotive outcome of the c._ompuiaiioﬁ of the taxable
income or of the income -from domestic operations opplying subsection (o) and

after oddition of the equalizotion reserve,

2. 1f as at the end of any one year the reserve exceeds the shareholders' equity less
the paid-up copita! ond less the other ollowoble reserves - as regards the equalization
reserve ofler applying Artidle 6, section 3 - the excess shall be added to the profit
for the year. .
thﬁ determining 1he shareholders’ equity, Article &, section 3, lost full senience,

sholl opply similarly.

-5-
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So far as the underwriting loss in respect of nuclear insurances exceeds the catustrophe
reserve the excess shall be deemed to be part of the underwriting result in respect of

the class of business Miscellancous. |

étl_islc 12,

For the compulotion. of the profit for the-ycar avoiloble for transfer to the equalization
reserve and the catostrophe reserve the tax - except for o discretionary oddition from
the untaxed reserve os seferred 10 in Article 3 of the Tax Amendment Act 1950
{Govermnment Gazette K 423} - shell be forty per cent. of the taxable income or the

jaxable income from domestic operations.

Article 13,

1. In the cose of a non-life insurer transacting exclusively or almost exclusively the
business of windstorm insurance or hoil insurance the following omendments sholl
apply:

{a} Article 3, section 2: the moximum of the equalization reserve shall be two
hunderd per cent. of the premiums for the yeor;

{b) Article 4, section 1, subsection (a}, sub {2}: the moximum referred to in respect
of the annual addition to the equalization reserve shall be twenty-five per cent,
of the maximum of the reserve as loid Jown in subsection {a);

(c)Article 4, section 1, subscction (b): the maximum referred to in respect of the
ennual addition to the equalizotion reserve - except for the opplicotion of
Article 5, section 1, subsection (0], sub (2) ~ shall be three-fourths of the profit

for the year available for transfer to the reserve compuled without applying

Article 5,

2. In the case of a non-life insurer transocting exclusively or almost exclusively the
business of war risk insurgnee, Article 4, section 1, subsection (o), sub (2}, shali
not apply, ond furthemore the following emendments shatl apply:

(o) Article 3, section 2: the maximum of the equalization reserve shall be the sum

insured os a! the end of the yeor;
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(b) Article &, section 1, subsection (@), sub (2): the addition to profits referred
to shall be the underwriting foss in respect of war risk insuronce, being the
excess of the claims for the yeor over the premiums for the year net of commissions

due thereon.

Article 14,

Jf Article 15 of the Corporation Tax Act 1969 opplies in respect of two or.more

componies which are not all either life ossurers or non-life insurers, the provisions

of this Order - except for Article 4, section 2, Article 5, section 2, and Article 13 -

so far as they do not olready opply, sholl apply similarly with the proviso that the

followiag amendments shall apply:

(o) Article 3: the maximum of the equalization reserve shall be the sum of the
maxima laid down in the soid Article for o life assurer or;d a non-life insurer
respectively;

(b) Article 4, section 1, subsection {a): the maximum referred to in respect of ihe
annval edditionto the equolization jeserve shall be the sum of the maxima laid

down in the said subsection for a life assurer and a non-life insurer respectively.

Aiticle 15,

l.

The amount of the equalizction reserve within the meoning of the Sixth Supplementary
Regulation Corporation Tax 1942 {Government Gazette 1945, 101) as of the end of
the year to which the said Regulation lost applies, shall be the opening balance

of the equalization rescrve within the meaning of the present Order, If the first-
mentioned reserve has been created before the beginning of the yeor in which the

st January 1950 falls, the opening balance being an dd]usled teansitional reserve,
the omount refersed to in the preceding full sentence shall be decreased by two-fifths
of the said transitional reserve, if and to the extent that this reserve is still part of

the first-mentioned reserve,

If and 50 long as the opening balonce as referred fo in section 1 couses the
equalization reserve os at the end of any one yeor 1o exceed the maximum computed
on the bosis of Ariicle 3, ony addition to profits in pursuonce of the said Article sholl

be ollowed enly in the event of the soid maximum being lower thon the maximum os

“7-
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at the end of the preceding year computed in like manner. In that cose on amount
shall be added 1o profits bearing the same relotionship to the opening balonce

as docs the difference between the maxima referred to in the preceding full senfence
to the maximum similarly c0n;[)ulcd as at the end of ihe year preceding that to which

this Order first applies,

With regacd 10 the taxpayers ceferred to in Acticle 13, sections 1 and 2, ond
Adticle 14, the provisions contained in Article 13, section 1, subsection {a),
Article 13, section 2, subsection {0) and Article 14, subsection {a) respectively

shall govern the application of Article 3.as referred to in section 2.

The'inspeilor of Taxes shall determine by regulation:
(o) the amount of the opening balance referred to in section 1;
(b) the omount of the maximum referced to in section 2 as at the end of the yeor

preceding thot 1o which the present Order first applies.

In the event that any fact gives rise 1o the assumption that ony omount seferred
fo in section 4 has been set too low the Inspector of Taxes is empowered to vary
the said regulation, A fact of which the Inspector of Taxes was aware or of which
he could reasonably have been aware shall constitute no cause for any such voriotion.
The relevont authority shall lopse on expiry of five yeors os from the date of

establishment of the regulation.

Arsticle 16,

This Order shall become effective as from the second day after the date of issve of

the Government Gazette in which it hos been published.

This Order moy be cited os "Insuronce Componies Reserves Order™.



THE PUNCTION AND CHARACTERISTICS OF A FLUCTUATION RESERVE

R.J. Hunter

Suppose that the underwriting experience of a hypothetical company
could be represented by Fig. I below.

Memesf

\f

TimE

The line AA' represents the trend of premiums (net of expenses and
reinsurance costs) during an inflationary period.

The line BB' represents the underlying meen claims experience, after
reinsurance recoveries, consistent say with an underwriting target of 974%
of net premium,

The wavy line CC' represents the actual claims experience over the
period.

The difference between DD' and AA' represents the interest, net of
expenses, earned on the funds.

The difference between DD' and CC' (shaded) is therefore the profit

emerging over the period. The emerging profit, as illustrated, is extremely
variable.

In practice, companies hold ifree reserves far in excess of the
statutory solvency requirement. These free reserves are used to smooth
distributed profits and to finance future growth.

The existence of a calculated fluctuation reserve puts the fixing
of part of these excess free reserves on a more scientific basis,



Suppose the above average profiils (below line BB') are reserved and
used to fully relieve the above average losses (above BB'). The emerging
profit would then look like Fig. I

Timg

The EE' bumpy line shows the movement in the fluctuation reserve
over the period.

It can be seen that even this very simplest of fluctuation reserves
can be very effective in smoothing the results. Of course, this method
assumes that the underlying mean is known., However, the result would not
be much different if a moving average were used to estimate the underlying
nmean.,

The discontinuities at X,Y and Z would be typical in the early years
of most fluctuation reserving systems but in this simple system would be
typical throughout,

From the shareholders point of view, this system has the advantage
that the fluctuation reserve often reduces to zero so there is & minimal
interferencewith the average level of emerging profit.

By redefining BB' at a level slightly higher than the underlying
average incurred claims, we would build up a reserve {(at the expense of
emerging profit eqgual te the difference between the two 1ines) which would
eliminate the discantinuities after the early years.

Unrestricted, such a reserve would, apart from temporary fluctuations,
continue to grow.

Restricting the reserve to a2 maximum has the effect that the long term
average level of emerging profit falls back more in line with the average
unsmoothed level and there would be the occasional discontinuity in the
ensrging profit when a run of bad years extinguished the reserve. The fund
would then of course be again vunerable to normal fluctuations, until the
fluctuation reserve built up again.



It is debatable whether, with an effective fluctuation reserve,
companies would need to hold further iree reserves to protect their
solvency margin during times when the reserve is low, One could argue
that the E.E.C, dual solvency system accepts temporary insclvencies

(providing that the lower level has not been breached) and this facility
should be utilised.



SIMULATION OF GERMA:" METHOD FOR CALCULATING FLUCTUATION RESERVES

Each analysis was based on 100 loss ratios (plus 15 more to provide the start
values) which were lognormally distributed with input mean and standard
deviation, For selected means and standard deviations the normel
distribution was used.

A different set of random variables was used for each run,
Other assumptions incorporated into the simulation model were:-

1. The premium income increases at a given compound rate per annum
{0% and 10% were used).

2. The cost ratio was assumed to be 30% constant,
3. The Borderline Loss Ratio was assumed to be 100%.
4. When the calculated, maximum reserve wes less than the reserve

carried forward from the previous year, the maximum was reduced
linearly over 5 years from the carried forward asmount to the
new required level,

Supmaries of the results of the simulation are attached. The figures
shown in brackets are the results from normelly distributed loss ratios,

The smoothed loss ratios are the observed loss ratios plus the movement in
the fluctuation reserve.

The maximum fluctuation reserves and the numbers of zZero reserves are volatile

and should be interpreted with care, particularly for the 5% standard deviation
resulis,

Where the underlying mean loss plus cost ratio is below the borderline (i.e,

in our case where the mean loss ratio is less than 70%), the deduction from the
maximum allowable reserve of three times the difference bhetween 70% and the
mean is very effective in reducing the size of the allowable reserve and
consequently reduces the effectiveness of the system in smoothing fluctuations.

For the higher means and standard deviations the German system produces an
effective smoothing of the results with only a small deterioration in the
average level of emerging profit.

There appears to be no significant difference between the results derived from
the lognormal distribution and those derived from the normal distribution.

It is notable that in none of the 48 simulations did the German method simply
build up and maintain & reserve, In every case, there were considerable
fluctuations in the size of the reserve between zero and the maximum shown,
This suggests that the German method should not be considered to be merely a
means of accumulating tax free funds,

R.J. Hunter
25.6.80



RESULTS OF SIMULATION OF GERMAN METHOD
FOR CALCULATING FLUCTUATION RESERVES

Standard Deviation of Loss Ratios = 5%

Premiums increasing at 0% p.a.

Mean Mean Smoothed g.D.Smoothed
L.R.% L.R.% L.R.%

50 50 5

60 60.0 5.0

65 65.0 (65,2) 4,7 (4.,3)
70 70.3 (70.0) 3.6 (3.9)
80 80.0 (80.0) 4.6 (4.2)

Standard Deviation of Loss Ratios = 5%

Premiums increasing at 10% p}a.

Mean Mean Smoothed 5.D. Smoothed
L.R.% L.R.% L.R.%

50 50 S

60 80.1 4.8

65 85.1 4.5

70 70,3

20 80.2 4.4

Max., Fluct,
Res % of Prem.
0O
3.3
156.2 (15.86)
30.2 (25.4)
25.4 (28.0)

Max. Fluct,
Res % of Prenm,
0
10.3

6.5
33.1
17,7

Nc, of Yrs.
with Zero res,
100
90
52 (52)
25 (45)
61 (38)

No. of ¥rs,
with Zero res,
100
64

49
43
74



Stgndard Deviation of Loss Ratios = 10%

Premiums increasing at 0% p.a.

Mean Mean Smoothed S.D. Smoothed
L.R.% L.R.% L.R.%

50 50 10

60 60.3 7.7

65 65,.2(65,1) 6.7 (6.7)
70 70.5 5.7

80 80,3 (80.3) 5.3 (5.3)

Standard Deviation of Loss Ratlios = 10%

Prenium increasing at 10% p.a.

Mean Mean Smoothed 8.D. Smoothed
L.R.% L.R.% L.R.%

50 S0 10

60 60.8 8.1

65 66,7 6.3

70 72.1 4.6

80 82.0 4.8

Mex, Fluct,
Res % of Prem,
0
29.2
50.5 (44.7)
51.3

67.5 (56.5)

Max.Fluct,
Res . % of Prem,

23,2
45.5
45,2

42.3

No, of Yrs.
with Zero res.
100
14

4.(8)

4 (8)

No, of Yrs,
with Zero Res,
100
le
11
10

10



Standard Dewiation of Loss Ratios = 15%

Premiums increasing at 0% p.a.

Mean Mean Smoothed S.D.Smoothed Max, Fluct, No, of Yrs.
L.R.% L.R.% L.R.% Res.% of Prem, with Zero Res.
50 50 13.4 49,2 38

80 60 10.7 49.2 13

65 65.3 10.3 59.9 4

70 70.4 9.3 B7.7 4

80 80,4 7.8 82.8 2

Standard Deviation of Loss Ratios = 15%

Premium increasing at 10% p.a.

Mean Mean Smoothed S.D. Smoothed Max, Fluct, No, of Yrs.
L.R.% L.R.% L.R.% Res.% of Prem. with Zero res,
50 50.1 14,8 10.1 57
60 62,6 10.1 70.2 4
65 67.8 8.3 80.3 11
70 T2.7 7.0 71.4 16

80 82.6 4.7 67.1 14



Standard Deviatioh of Loss Ratios = 20%
Premiums increasing at 0% p.a.

Max.Fluct,

Res % of Prem,

Mean Mean Smoothed 5.D, Smoothed
L.R.% L.R.% L.R.%

50 50.1 (50.1) 16.3 (16.5)
60 60.3 13.1

65 65,3 (65.4) 10.7 (14.6)
7C 70.2 10.5

80 80.5 (80.1) il.6 (10,0

Standard Deviation of Loss Ratios = 20%
Premiums increasing at 10% p.a.

98.1 ( 71.2)
136.3
80.3 (87.2)

124.6
117.1 (129.,8)

no. of years
with zero Res.

Mean Mean Smoothed 8,D. Smoothed Max. Fluct.
LR% L.R.% L..R.% Res % of Prem.,
50 52.2 14.0 69.8

60 62.9 12.6 86.0

65 69.7 9.7 80,0

70 74.3 11.4 101.1

8O 83.8 2.0 06,3

12 (11}
7

4 (5)

5 {(4)

No. ¢f years
with zero Res.

12

8

g

10

12



RL3ULTS OF SIMULATION OF GERMAN METHOD
FOR CALCULATING FLUCTUATION RESERVES

Standard Deviation of Loss Ratios = 5%

Premiums increasing at 0% p.a,

Mean Mean Smoothed 8.D,.Smoothed
L.R.% L.R.% L.R.%

5Q S50 5

60 60,0 5.0

65 §5.0 (65.2) 4.7 (4.5
10 70.3 {70.0) 3.6 (3.9)
80 80.0 (80.0) 4.6 (4.2)

Standard Deviation of Loss Ratios = 5%

Premiums increasing at 10% p.a.

Mean Mean Smoothed S.D. Smoothed
L.R.% L.R.% L.R.%

50 50 5

60 60.1 4.8

65 65.1 [65.2] 4.5 [5.3)
70 70.5 [70.4] 4.0 [4.§]
80 80.2 {80.1) 4.4 [5.3

Max, Fluct.
Res % of Prem.
0
3.3
15.2 (15.6)
30.2 (25.4)
25,4 (28,0

Max. Fluct,
Res % of Prem.

0
10.3

6.5 {22.9

33.1 [34.7]
17.7 f22.9

No. of Yrs.
with Zero res,
100
90
$2 (52)
25 (45)
61 (38)

No. of Yrs.
with Zero res,
100
84

a9 [as|
43 {n]}
74 [83]



Standard Deviation of Loss Ralios = 106

Premiums increasing at 0% p.a.

Mean Mean Smoothed 8.D. Smeothed
L.R.% L.R.% L.R,%
50 50 10
60 60.3 7.7
65 65.2(65.1) 6,7 (6.7)
70 70.5 5.7
80 80.3 (80.3) 5.3 (5.3

Standard Deviation of Loss Ratios = 10%

Premium inereasing at 10% p.a,

Mean Mean Smoothed 8.D, Smoothed
L.R.% L.R.% L.R.%
50 50 10
60 60.8 8.1
65 66,7 [SG.J 6.3 [10.9
70 72.1 4.5

80 82,0 LSl.ﬂ 4.6 [’7.8]

Max, Fluct,
Res % of Prem.
O
29.2
50,5 (44.7)
51.3

67.5 (56.5)

Max ,Fluct.
Res . % of Prem,

23.2

45.5 [54.2]

45.2

42.3 lf?o%

No. of Yrs.
with Zero res.

100
14

4 (8)

4 (6;

No, of Yrs,
with Zero Res.

100

l

8
11 [é%]
0

1

10 Eﬁﬂ



Standard Deviation of Loss Ratios = 15%

Premiums increasing at 0% p.a.

Mean Mean Smoothed 8.D.5moothed
L.R.% L.R.% L.R.%

50 50 13.4

60 60 10.7

65 65.3 10.3

70 70.4 5.3

80 80.4 7.6

Standard Deviation of Loss Ratiocs = 15%

Premium increasing at 10% p.s&.

Mean Mean Smoothed 3.D. Smoothed
L.R.% L.R.% L.R.%

50 50.1 14.8

60 62,6 io,1

65 67.8 8.3

70 72.7 T.0

&0 82.6 4.7

Max. Fluct.
Res.% of Prem.

49.2
49.2
59.9
87.7

82.8

Max, Fluct,

Res.% of Prem.

10,1
70.2
80.3
71.4

67.1

No. of Yrs.
with Zero Res.

38

13

No, of Yrs.
with Zero res,

57

4
11
16

14



Standard Deviation of Loss Ratios = 20%
Premiums increasing au. 0% p.a.

Mean Mean Smoothed S;D. Smoothed
L.R.% L.R.% L.R.%

50 30.1 (50.1) 16.3 (16.5)
60 60.3 13.1

85 65.3 (65.4) 10.7 (14.6)
70 70.2 10.5

80 80.5 (80.1) 11.6 (10,0}

Standard Deviation of Loss Ratios = 20%
Premiums increasing at 10% p.a.

Mean Mean Smoothed S.b. Smoothed
L.R.% L.R.% L.R.%

50 52.2 [51.3 14.0 [20.9
60 62.9 12.6

65 69.7 [69.1] 9.7 8.8
70 74.3 11.4

80 83.8 [83.4 9.0 [16.9)

Max.Fluct.
Res % of Prem,

no. of years
with zero Res.

98.1 ( 71.2
136.3
90.3 (87.2)

12¢4.6
117.1 (129,8)

Max. Fluct,

Res % of Prem,

12 (11
7

4 (3)

5 (4)

No. of years

with zero Res.

69.8 [123.&}
86.0
90.0 [159.5]
101.1

106.3 [124.2]

12 [+d)

8

o [od

10

12 [15]
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FLUCTUATION NESERVES. YHE _CCRMAN SYSTEM

Introduction

This ncte deals specifically with the German System for cstablishing
Fluctuation Reserves (FR), Such rescerves have existed officially in
Germany for the last 50 years and their estimation has been via several
sets of Regulations, The latest of these is dated 1978 and it is with his
that we will be primarily concerned, it being based on actuarial/
statistiecal principles.

It is not the intention of this note to justify the need for Fluctuation
Resarves since a justification is the outcome - or otherwise =« of

very fundamental considerations, Accepting that in Germany a
Fluctuation Reserve, in addition to a Solvency Margin, is considered to be
Justified, the 1978 (i.e. current) method for its calculation will be outlined,
together with some of the relevant reasoning.

Unfortunately, literature on the System and its rationale is limited,
is not always easy to translate and appears to contain inconsistencies,
Nevertheless, it has been possible to establish, with some reliability,
the broad basis of the method.

Basic Philosophy

By definition, general insurance is such that for any insured risk there is
only a small probability that a loss will occur, and no guarantee as to how
large it will be. Consequently, regardless of the number of policies in a
homogenous grouping, an insurer cannot rely on his loss expenditurc romaining
gonstant firom one year to the next. The loss expenditure fluctuates to some
degree around a& certain average amount whicin ¢an be determined, tozether with
a measure cof its fluctuation, from several individual years' fipurecs.

Insurance premiums are based upon this average loss expenditure, Thoy
are thercfoure calculated on the basis that fluctuations in logses will
halance out over the number of years used in determining the average,
This number of years is referred to as the Equalisation Period.

Since the Premiums are based upon an average loss, determined as above,
they effectively remain constant from year to year. (inflation effects
and other features necessitating premium adjustments are separate
considerations) and do not vary according to the fluctuations in annusal
loss, Fixed premium rates on the one hand and the obligation to pay
the entire losses on the other form the basis for setiing up
Fluctuation Reserves,

These Reserves are intended to allow for the fact that above-average
and helow-average losses are caused by chance factors affecting the
loss experience which cannot be savoided oven by the collective
balancing of risks, They therefore deal with a different kind of
situation from, say, special provisions for large risks or provisions
for expected losses.

In order tv fulfil their function of equalising the fluctuations in
annual loss requirements, the Fluctuation Reserves (or Kgualisation
Provisions) should be capable of adjusting the actual amount of loss
expenditure in any year tc an average value, It is therefore necessary
to withdraw above-average loss amounts {i.e. the excess above the average
requirement) from the Fluctuation Reserves, and to allocate to them
belowv-average loss amounts,
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As toechnical provisions ol the first degree, Fluciuvation Reserves function
agccording to the laws of large numbers and thereforc on Portfolivs of risks rather
than individual poliicies, 8ince the Reserves are set up to cover liabilities

of uncertain amcunt, their evaluation should be bascd on actuarial principlos,

it having been recognisoed that'the application of actuarial principles in the
caleulation of equalisation provisions has the advantage that better allowwawice
can be made then by any other provisions method for the foritwitous nature of the
Fluctuations to annual reguircments',

4As stated abhove, the {ixed insurance premium is calculated on the basis that
filuetuations in c¢laims will balance out over the Equalisation Perioed. This is

the expected effect. However, as with all statistical samples, variations will
occur round this expected value. The maximum amount of excess loss {o be expected
with 95% certainty ducing the Equalisation Period is the maximum amount which

can be carried in the Fluctuation Reserve. This maximum can be regarded as a
notional amount (although it must not be exceeded), the actual amount in the
Fluctuation Reserves being deltermined by the accumulation of below~average loss
allocations or above-average loss withdrawals over successive years.

Basie Definitions

Def,1 QObservation Period

For most classes of business, the obhservation period (which should not

be confused with the Egualisation Pericd) consists of the 15 business
years preceding the current year. This periocd supplies the random sample
fromr which data for evaluating the current Fluctuation Reserves '
requirements can be obtained. Whilst it is accepted that it would be
better for the length of the QObservstion Period to reflect the size of
anmtal loss fluctuations, experience has shown that a period of 15 years
is generally long encugh to minimise the effect of random errors and shorti
enough to avoid the risk of systematic errors. fThere are exceptions to
the 15 year rule, viz Hail and Credit insurance, where the Obscervation
Period is 30 years,

Dof.2 Equalisation Period

This is the periocd (no, of years) over which above-average and below-
average losses will, with 95% certainty, cancel each other out, This has
to be determined using statistical methods (see Section 6),

bef,3 loss Ratio

The loss ratio is tho ratio between less expenditure, (which include
claims payments, claims handling expenses, return of premium, surrenders
and refunds) and the net earned premium, It is evaluated for each

individual eclass of business, and separately for reinsulrance and direoct
husiness.

PDef.4 Average Loss flatio

The average loss ratic for a particular class is the arithmetic average
of all the loss ratios for that class occurring during the observation
period,

Def.5 Cost Ratio
The cost ratio is the ratic betwesn tho cosis of providing the cover

{including ~osts of joss prevention) and the gross ecarned premium,

Cont/. ..



ref.6 pAverage Cost Ratio

The average cost ratio for an individual class is tho arithmetic mean
of the cost ratios ol the year under review and the previous two years,
It is considered that, since costs are not subject to the same random
fluctuations as losses, an average based on 3 years' individual values
should remove any small irregularities which might occur.

Def.7 BPBorderline Loss Ratio

The borderline loss ratio is the percentage difference between 0,95
in the case of business written direct (0,98 for direct Legal Expense
insurance and 0,99 for reinsurance business) and the average cost ratio.

The borderline loss ratio is used to calculate the “Safety Margin"
allowed for in the premium - see Dei.8 below. 'The reason for using

0.95 in the calculation is because it is assumed that 5% of the premium
is used to cover nen~insurance coSts incurred in running the business e.g.
expenditure on pension schemes, depreciation of equipment etc,

Def,8 Premium

The premium writtean for any cover is assumed to consist of several
component parts.

(a) A portion to cover average losses only (based on the average loss
ratio) i.e. the risk premium.

{b) A portion to cover insurance-related costs (based on the average
cost ratio).

{c) A portion to cover non-~insurance related costs. This is taken &as
5% of the premium,

{(d) A safety margin, when applicable. See Definition 9.

Def.9 Safety Margin

When the average loss ratio in any one year is less than the borderline loss
ratio, there will (according to the breakdown of premium given in Definition 8)
be some Premium unaccounted for. This residual amount is regarded as a

safety mavgin.

It is assumed that 60% of *his safcty margin (if it exists) is available
to cover losses, The figure of 60% is solely empirical,

NB. The safety margin cannot be allocated to the Fluctuation Reserves,
nor can it be withdrawn from same.

The 1978 Regulations: Forpulae for Calculation

Nomenclature

X

e

Maximum amount permissible in Fluctuation Reserves,

P Premium Income in year under consideration (Def.8),
q : Loss Ratio in year under consideration (Def,3).
q : Average Loss Ratio over Obscrvation Period, (Def.4) (Ncrmally the

last 15 years),

Cont/....



4.2

4.4

' Average Cost Ratio (over last 3 vears), (Def.G).

o' + Borderlinc Loss Natio = 0.95~2 (Def.7).

q : Standard Deviation of q’evaluated over Observation Period.
B + Below—average loss allocations to FR.

D : Above-average loss withdrawals from FR.

Conditions for creating Fluctuation Reserves

According to the 1978 Repgulations, Fluctuation Reserves can be created in those
classes of indemnity and accident insurance where:

{(a) The earned prewiums of the past 3 years excoed, on average, DM 250,000,

(b} The iloss ratic standard deviation is at least 0.05,

{c) A loss {(measured as the sum of loss and cost ratios) has occurred in =&t
least one year of the observation period.

These conditions have to be applied to 6 specified classes of business, but may
alsc be applied to any other class, and separate Reserves may be set up for
Reinsurance and direct husiness,

The Fluctugtion Reserves are to be liquidated when these conditions no longer
exist, Liquidation can be distributed over 5 years.

Comments on Conditions

Condition (a) : The specified minimum portfolioc size, even though it is in
monetary units rather than number of policies, is an attempt
to ensure that the laws of large numbers apply.

Condition (b) : This presumably is intended to indicate that loss fluctuations
are large enough tu justify a special provisioun.

Note 1 No justification for the choice of Q.05 has been found. TFurther,
one source pives this particular condition as

O, 2 0.057
q.
which appears far more sensible, statistically.

Condition (¢) : There is no justification for this condition other than that
it appears 1o be a relic of previous Regulations.

Calenlations for Esiablishing FR Amounts

It this section, the formulae used for calculating the Fluctuation Reserves
saccounting entries tor a particular year will be given, together with what
appears to be the underlying raticnale,

The only statistical material required is that relating to loss experience and
cosis over the Observation Period. As absolute sums, the loss and cost amounts
include the efiect of inflation, In order to remove this and other Tactors
having no becaring upon the caleulation of Fluctvation Rescrves, it is considercd
bhetter to use ratior to premiums as a basis for calculation,

Cont/.....



The actvarial doefinition of the Pluctuation Reserve as the cash valuce of the
excoss losses whichh could nceur in iotal during the cqualisation period
supplics automatically a condition that all below-average loss amounts

must be allocated to the Reserves and all excess losses withdrawn, This
follows from the definition of the Equalisation Period as being that within
wiich below-avervage losses and excess losses balance each other out. This
first consideration indicates thai:-

Allocation teo FR(? B) should contain P (E - g} when q < E
Withdrawal from FR(= D) should contain P (q - g) when g » §

..’ L
1f, however, q » q 1.e. the premiums contain a Safety Margin, thon that part
of this margin (60%) attributable to claims cover cannot be withdrawn from the
Fluctuntion Reserve, just as it cannot be allocated to it. By definition, the
Safoty Margin component of Premium available for claims cover is:-
A=0,6DpP{(qg-q), provided q »q
and so, generally, we may write
B=7P (a - g), minimum zero
D=P(q- q) - A, minimm zero
where

”’ -
A =0.6P {g~ q), minimum zero

In addition to the above expressions for allocation and withdrawal, there is
further component of allocation which must be considered.

Since the Fluctuation Reserves are the cash value of possible total excess loss
occurring during the equalisation period, interesi which will be accrued must
ke one of the factors taken into account in determining their size. Therefore,
for any year of account, even though the full amount of the Fluctuation Reserve
is likely to be only notional, the interest which would accrue from this full
amount should be paid into the Fluctuation Reserve,

In order to determine this interest we need to know the maximum notional
regquirement (Y) of the Fluctuation Reserve., The formula for this is:-

Y = 4.5 r’agp

and the theoretical justificstion for this is given in Section 6.

However, should the Premium contain a Safety Margin, ¥ should be reduced by the
claims portion of this margin in order to obtain the maximum amount (X)
permissible in the Fluctuation Reserve. Thc formula used is:-

x=v-mx {0 w@ - D}

vl -
wvhere 3 P (q =~ q) is the Safety Margin reduction,
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4.5

.{5—.
Note

We have bech unable to find any justification for the use of the factor 3 in
this equation., It is stated that it is obtained "by means of azn approximation
method on the Lbasis of tho average period zeguired to achieve equalisation,
effect of interesi and the empirical assumption that 60% of the Safety Margins
arc used to cover losses.

Having determined the notional amount X as above, the assumption of an interest
rate of 334% means that the allocation to the Fluctuation Reserves for this
particular item is;-

0.035%

Consequently, in any year the change in the actual Fluctuation Reserve is
given by:-

TR =0.M5X + B = D subject to

0«€ FREX '

X = 4.5 Pa, - max {0,3 P @~ 7))
P (4 - q), minimum zero

P (q - Q) - A, minimum zero

[

#

B
D

1]

where
“' -t
A = 0.8P (g ~ gq), minimum zero.

Examples of Calculation

[
b =210
Average Loss Ratio, g = 0.70
Average Cost Ratio, T = 0.20
Therefore, Borderline lLoss Ratio, E‘ = 0,95 - 0.20 = 0,75
Therefore, a Safety Margin component exists (gq¥q), value £0.6 (0.75 - 0.70} 10

' = £3.x 16+
Standard Deoviation Gh— = 0.25
o

i.0. X = (4.5)(0.25)10° = 15 % 107 = £97.5 x 10t

(i) loss Ratio = 0,80

2]
Below-average losses =~ £(0.70 - 0.60)10 = £10{
Withdrawals = zero.
Therefore, AFR = Below-average losses + Interest on X.

o
s.e. AR =1 + (0.035)(97.5 x 10 ) = £13.4 x 10%

Cont/...
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(1i) TYoss Ratio = ©.90

3
Fxcess losses = £(0.90 - 0.70) 10 = £2 x 105
Withdrawals = Excess losses - Safety Margin

'S
= 2 x 105 -~ 3 x 10 = £17 x 10*

Allocation = Interest on X = £3.4 x 10*
[y
Therefore A TFR = -~ £13.6 x 10
5. ™ Fllect of the Fluckuvation Reswerves Formulae on Profit f;guros

The broad objective of Fluctuation Reserves is to equalise profit from year
to year, 1t is interesting, therefore, to study the effect on proiit figures
of applying the foruulae given in Section 4.

Whilst it is possible to carry out computer simulations to investigate the
effect of the German formulae on the build-up of Fluctuation Reserves etc (as
is done elsewhere in the Working Party Report) the effect of the formulae can
be examined in a simpler, but less effective way,

There are two separate considerations.

1, No safety margin exists in the Premiums, } each of which contain two
2. The Premium§contain a Safety Margin. ) different situations:

{A) The Pluctuation Reserves are building up and are nowhere near the notional
maximum reqiirement i.e. FRe<g X,

(B) The Fluctuation Reserves have built up and are near the maximum reguirement.

In order to facilitate examination of the effect ¢f the furmulée, wo will write
q='&+zq§'

and make ohservations concerning magnitudes of effect in terms of the size of

Z i.e, the number of Standard deviations difference hetween the year's loxs

ratic and the average loss ratio.

5.1 Premiums contain no Safety Margin

A. FR<< X

The formulae of Section 4.4 indicate that:-

FR = 0.,1575 P - FZ

Z& da- Ga'

Over g long enough period Z'z «2 0 by definition, anq so the Fluctuation
Reserves will increase by an average amount per year of 0.1575 POq. It
will therefore eventually reach its maximum psrmissible value,
Taking Z&FR into account.
Fqualised Profit = ™1 - S ~ Q) = 0.1575 POy

Therefore the effect of the application of the FR formulae in this instance
is to equalise the profit but to a lower level than that obtained by straight
application ol the average loss ratio,

Cont/,....



B, FR Close to Maximum R

Suppose that the difference between the notional maximum FR (i.e. X) and
the existiog, actual FR, is 36¢P {a» D) aG‘cLP is therefore the maxinom
allowable allocation to the TFluctuation Reserve.

it can then be shown that

(i) 2& -a + 0.1575

Equalised Profit = P(1 ~ 3 ~g) - P o“q_.(z + a)

Since a0, 2« - a, the equaiised profit will be higher than the
equalised profit in 5.1A.

(ii) 22 - a + 0,1575

Equalised Profit = P(L - © - q) - 0,1575 Po'q;

Fig. 1 gives an illustration of the effect on profit in the above two cases.

5,2 Premiums contain a Safety Margin

Dencte the size of the calculated Safety Margin by Wi ( =0.95-¢C - E)

G.
A. TFR<<cX
(i) g=39§

ATFR = (0.1575 - 0.105 W - Z) POy

fl

Equalised Profit = P(1 - © - @) = (0.1575 - 0.105W) Pog,

(i1) Ga£g + 0.6W

ATR = (0.1575

0,105W) P G",:',’_

P(l-0¢=79) = (C.1575 = 0.105W + %) P&

Equaliscd Profit
9 4.

(iii) @ + 0.6Wgq

AFR = (0.1575 + 0.495W - 2) PO

P(L =0T =) - (0.1575 + 0.495W) P ¢

Equalised Profit
“ 9.

B. FR close to MaXimum FR

If, again it is assumed that the maximum allowable allocation to the FR
is aP @'y, then the above equations (5.2A) apply except for: -

(i) 2£-a + 0,1575 - 0.105W

Equalised Profit = P (1 - 6 ~g) - P a7 (% + a)
For Z % =a + 0,1575 ~ 0.105W, the formula given in 5.2 (i), (ii).and (iii)

apply.

Fig. 2 gives an illustration of the effeci of cases 5.2A, 5.2R on profit.
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Actuarial/Statistical Considerations

The German literature contains brief details of the statistical theory
associated with two components of their approach to Fluctuation Reserves.

{a) The Equalisation Period
{b) The maximum amount permissible in the Fluctuation Reserves,

In order to apply their theoretical equations, it is necessary to know, for
instance, the underiying distribution cf loss ratios, It would appear that
a log-normal distribution is used in sowme cases, although it cannot be
discovered whetlther this is true generally. Indeed, it is impcssible to
determine how thorough the transition from theory to practice has heern e.g.
how much data has been used, how many possible less-ratio distributions have
been examined, how well inter-class consistencies have been checked etc.,

However, whilst actual data scrutiny is an essential ingredient of the
application of any method, the first step is to develop a soundly bhased
theoretical, but simple, approach, The Germins, given their basic philosophy
towards Tluctuation Reserves, appear to have made good progress in this dircctition.

The Fgqualisation Period

The Faualisation Period is that within which below-average and above-average
losses can reasonably be expected to balance cach other out. This statement,
as it stands, is completely open insofar as the word "reasanably" can assume
any probability criterial The appreoach adopted, in order to set c¢riteria for
actively determining a value for the length of the period, appears to he as
follows: -

Civen a period of k years, the maximum excess loss occurring, with 95%
certainty, in any one ¢f those vears should not be greater than 5% of the
total risk premium collected during the k years,

Consequently, if

k = 1length of Equalisation Period (years)
q = average loss ratio
gy = Maximum individual loss ratio expected with 95% certainty,

it follows, from the above criteria, that

Gmgx ~ 9@

0.05 kg.

Given that we know the undorlying loss ratio distribution, Gmpy Can be
deternined in the standard way. @ is known and so k can be caleculated,

German data on hail insurance (where a log normal distribution is assumed
for loss ratios) gives k = 17,2 years,

cont/...
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The Maximum Awount Perulissible in the Piuctuation Reserves

Given that the Enualisation Poriod has been calculated as above, it is now
necessary to determing the to?al ewcess losses which can accrue over the
k years,

The Germans assume that the upper limit on these totalexcess losses is such
that, in 95% of case¢s, the actual total cxcess 10sses will be less thdn this

upper limit.

Suppose that

k¥ = length of ¥qualisation Pericd jJ
q4; loss ratio in year
K
Qj = total of loss ratios, = Z, q,-. in Equalisation
Lef Period j,
= u r limit on ¢
QM ppe QJ

£f(q )} = distribution function of individual loss ratios

F{Q) = distribution of total of loss ratios over the Equalisation Period.

04 = standard deviation of a;
0& = standard deviation of Q,
K
(1
S8ince Q = A'l q; it follows that, if it is assumed that
L=t

the individual q; are independent,

Var, @ = k Var.q
and so,
Gy - Yk o7

Further,if q) is the average value of ﬂp* ( obtained from a large number
of Equalisation Periods), any value of ‘Q)(Ray QJ-) can be written as

5
Lk}

d -

Q)- fﬁ? - h{i Q]E'CKL

11
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11 tho disteibution function, T (Q)), of O cen bo determined, then A
can be found such that *

QJ < (i) + 7\{;0@ in 95% of cases,

This value (i.e, Qi' P QK O"q' } is the upper limit of Qd- denoted hy -?M

It then follows that the required 95% upper limit on total excess losses,
EL, is given by

i = Qy -Q = ')\ﬁo&’

Any total excess losses which occur will do so, by definition, over the
whole of the Equalisation Period., On average, therefore, they will occur
at, the mid-peoint of this Periocd and so the actual requirement is the full
one with a k/2 year discount,

Therefore, the actual upper limit on the total excess loss, Y, (referred
to in Section 4,4) is given by

¢ - VE A K. g

»
V% and k can be determined fairly easily. The main problem lies in
dotermining the distribution function F(q)) so that a value of
‘A can be obtained,

K
Since J = §1r CL; , & Tixed value of QJ, say Qo,
oy

can be obtained from a very large number of Equalisation Periods {(since these
can contain any sample, size k, of all possible q,; ). Each such sample will
have an associated probahility of occurrence, and the probability of occurrence
of Qo will then be the sum of these individual sample associated probabilities,

Suppose that there are N Equalisation Periods, denoted by Se {r=1-% n),
containing loss ratios Q/r;‘, (i = 1 ~»k) such that

K
—t
4\ ,qfn-' = (90 for all ¢
ie)

Since the distribution functions of g is £(q), the probability P(Sr)

obtaining set S, is given by
K
P(s) = 7V £(q.;)
L=l
It then feollows that the probability of obtgining the value =2 is given by
n n
Tt TN
F((I)o) B et P(Sr) T /\ :F(‘i“)
L Fzyp o ov®ld

Cont/....
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T
We are lherefore concerned with "folding" (i.e. convolutiﬁ_s) to the
power, the distribution of q.

This has hecn done empirically, usinpg the computer, for hail insurance and
a value of A determined from the calculated P (§). This value is ﬂ = 1,8,

In the case of sufficiently high values of k, F(Q
approximates to the normal distrihution, by the contral limit theorem.
In this case, A = 1.64,

Using hail insurance as an example, it has thus been found that

F oY
fA = 1,BO
K2 17

Taking an interest rate of §,5% (should this be conesistent with 3.5% in
the Interest Allocation Component?)

v x 0.03

and so

v o e = 4.68

¥t is maintained, in the literature, that this value has heen found to be
common to most classes of business, Hence, it is taken that the Maximum
permissible amount in the Pluctuation Reserves (ignoring Safety Margin
conciderations - discussed in Section 4) is given by

Y: 1-4-‘56}%
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1. INTRODUCTION AND BACKGROUND

The Finnish Insurance Companies Act of 1953 has enabled companies to
retain reserve funds in respect of fluctustion reserves. It contsains
the section: "The outstanding claims reserve shall include the
amounts of occurred but unpaid claims plus a fluctuation provision
for years with excessive losses calculated according to risk theory."

In the published accounts the amount of the fluctuation reserve is

not shown separately buat is amelgamated with the outstanding claims
reserve.

Fluctuations in claims are due in part to random variation in the
number and size of claim. Additionally certain factors aflfect the

basic probebility of loss, such as weather conditions in some
branches.

Taxation of surplus may make it difficult to build up reserves to
meet Tluctuations.

Insurance companies may not wish to report results fluctuating
grossly from year to year. Achieving smoothness by transfers from
reserves other than fluctuation reserves may be undesired since
analysts can interpret such transfers as signs of ill health,

If fluctuation reserving is not used, then there is a considerable
smount of reinsurance.  This is a factor that increases costs for
companies and for the whole economy.

The fluctustion reserve is limited to the coverage of the fluctuation
of the claims. Investment losses ete. are covered by separate
requirements and reserve funds,

Instructions issued by the Finnish Insurance Department of the
Ministry of Social Affairs and Publie Health provide for an upper
and lower limit to the fluctuation reserve. The upper limit
represents the amount required to ensure a low probability of ruin
over the next five years, the lower limit represents the amount
required to ensure a low probability of ruin over the next year.

The Tluctuation reserve applies only to future years of exposure and
has no relation to IBNR or outstanding claims.

Transfers to and from the fluctuation reserve are not subject to
taxation., They sre determined by a formula agreed at the outset in
advance between the company and the supervisory authority. This
prevents companies from using the fluctuation reserve system to
determine their taxable profit. Changes in the formula are only
permitted under changing conditions or special circumstances.

A fluctuation reserve may be covered by hidden assects, for example

undervaluation of assets in the balance sheet. &o for some companies
the minipum fluctustion reserve may be gzero,

HK 16.8.80



1.12 The formulae applied may be modified by agreement between the Actuary
and the supervisory authority where appropriate, for example in the
presence of stop loss reinsurance,

1.13 The rate of interest assumed by the supervisory authority is 5%.

1.1% This paper is based upon the Finnish system as defined in
Pentikainen{1970).

HK 16.8.80



2.1

2.2

2, 'THE METHOD

For the fluctuation reserve there is an upper limit and a lower
limit. The upper limit is referred to as E and the lower limit

- E . i i i .
as Emln Formulae for max and Emln are given in section 3

Transfers to and from fluctuation reserves are determined
automatically by a formula. Such a formula is given in section 3.6.
Changes in & formule once adopted are only allowed under special
circumstances. The elfect is that in years when the eclaims ratio

is favourable the surplus is to be deposited in fluctuation

reserves provided that the upper limit is not exceeded. On the other
hand, the loss in a year when clsims are high is to be covered by a
reduction in the fluctuation reserve provided that the reserve does
not thereby drop below the lower limit.

HK 16.8.80



3»1

3.2

3.3

3.1'

3.5

3.6

3. THE FORMULAE

Formulae are given below., These are deseribed in more detail in
Section U, Section 4 also gives the notation used in the formulae
below, and the notation is summarised in Section 8.

u
.. 3

Emin = Mylt)-P-U

s
Emax = b,436 L quk + L. 6260 + 0.658.;5
E 5% qP + -3 {1 +q )P

max K k ¥~ k" k
n

o -
AE, = .O5E_+ 1.02h7((fk + a.k)Pk - xk)

HK 16.8.80
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b2
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4. THE DESCRIPTION OF THE FORMULAE

The formulae below are justified within Section T and have been
summarised in Section 3. The notation introduced below is summarised
within Section 8.

The formulse used by the Finnigh method are given in Section 3 and
are described below,

E " is the absolute lower limit of the fluctuation reserve. The
fOFfula for Emin is given in Section 3.2, as

4!
b
Emin = 0,976 L qkpk + 2.2700 + 0.71h.02 U

In this expression the following notation has been used:

q, is & constant coefficient representing excess loading owing to the
risk of the fluctuation of the basic probabilities. Values of q, are
supplied by the Finnish Supervisory Service and are typically in

the range .2 to .4, although in special cases it may be higher.

gxamples of qQ, are: car insurance .25, fire .4, credit .5, forest
.0.

P ig the premium income {net of expense loading and reinsurance) for
branch k.

2 - » -
o? = ﬁ nkfl + qk)ak2 vhere n_ is the number of claims expected in

branch k and L is the second moment of the amount of one claim.

W, = i nk(l+qk)ak3 where a, ; is the third moment of the emount of one

claim.

U is the company's own reserves and free reserves (including "hidden
reserves" ).

In Finland it has been possible to assist companies wishing to
estimate a ., and «, , merely from the values of P _,n_ and {where

is the maximum ré&tention for branch k). This has been done by
means of industry-wide statistics on claim amounts which are
amalgamated into tables for each branch. Examples are given in
Hovinen{1969).

HK 16.8.80



4.3 An approximate formula for Emin is given in Section 3.3 as follows:

h.h

k.5

h.6

This approximate Tormula generally yields a result higher than that
given by formula 3.2.

In this formula the following notation has been used:

M = Maximum retention on a single claim
t =1 (1+ 9 )P /M -
y(t) = Smellest integer >2 satisfying e’ g gf_g‘.99.
0 r!
E is the upper limit of the fluctuation reserve. The formula for
. is given in Section 3.k as
113
= + 4, + 0. T .

E ooy h.h36 9Py 4.626¢ + 0.658 "

In this expression the notation deserided in Seetion 4.2 above has

been used.

An approximate formula for E iz given in Section 3.5 ms follows:

3
n

E = 5L quk +

max RS qk)Pk .

In this expression the notation 9y s Pk has been described in Section
h.2 above, while

n =g (1+ qk)nk vwhere nk is the expected annual nuwber of claims

for branch k.

AE, is the fluctuation reserve transfer in respect of branch k. The
fofmula for bE, is given in Section 3.6 as

= 0 t -
AE, = 0.05ED + 1.0247((f, +a )P - X} .
In this expression the following notation has been used:

EY = Amount of fluctuation reserve in respect of branch k at the
efid of the preceding year,

HK 16.8.80



4.6 {continued)
f = Expected claims ratio (computed by a formula supplied by the
Finnish Supervisory Service on the basis of the actual claims ratio
of at least five preceding years) based on net premiums.

a§ = A correction coefficient that must be chosen in advance by the
cOmpany in the range 0 to 0.15.

xk = Actual total oi claims net of reinsurance for branch k.

HK 16.8.80



5. EXAMPLES

5.1 Suppose for a company with just one branch (the notation used is that

5-2

5.3

5.4

5.5

of Section 4) that

q = 0.2

P, = £1,000,000

&, = £22,000,000 (= (£1400)2)

g = £35,000,000,000 (= (£1700)3)
n, = 1,000

U=0

M = £10,000

?; = 1.0

& = 0.10

X, = £1,000,000

Eg = £500,000

From Sections 5.1 and 4.2 we have

02 = £22 400,000,000 , ¢ = £50,000
u = £ 6,000,000,000,000

So E_, = 0.976.£200,000 + 2.270.£50,000 + O_Tlh'ggipogfﬁgg:ggg:ggg
So B, = £195,000 + £113,500 + £1785 = £310,000

From Sections S.1 and 4.3 we have

1 = £1,2000,000 / £10,000 = 120

So y{t) = 120 + 2.326/120 = 145

S0 E_; = £1,450,000 ~ £1,000,000 = £450,000

From Sections 5.1 and k.l we have

E = 4.436.£200,000 + 4.626.£50,000 + 0.658.36’°°g:ﬁgg:gggjggg

So E_ = £887,200 + £231,300 + £1645 = £1,120,000

From Sections 5.1 and 4.5 we have

E = 5.£200,000 + ——=
max Y1000

.£120,000 = £1,000,000

HK 16.8.80
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5.6 TFrom Sections 5.1 and k.6 we have

AE_ = .05(£500,000) + 1.0247((1.0 + 0.1)£1,000,000 - £1,000,000)

So bEk = £25,000 + £103,000 = £128,000.

HK 16.8.80
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6.3

6.4

6.5
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6. THEORETICAL CONSIDERATIONS

Suppose we wish to consider just one branch of business for one year.
We suppose that N claims will be made, labelled X ,X2,..., . We
further suppose that the first three moments of X, are known to be
m, a, and a. and that the set {X,} form a set of &ndependent
idengically distributed random variables. We suppose that N is a
Poisson random varisble with mean Qn where n is a constant and Q is
a random variasble with mean 1 and variance Vq. We use the notation
N
E= $X

to denote the total amount claimed.
i=1

i

The variable £ i1s sald to have the compound generalised Poisson
distribution.

We wish to obtain the moments of {. However t is & function of N.
Accordingly in Section 6.4 the moments of N will be calculated,
these will then be used in Section 6.5 to calculate the moments of &,

The moments of N (N = number of claims) are calculated in this
Section 6.4. N 2nd § have been defired in Section 6.1 sbove.

L r!nglr =e Q g ¥ (HQJS = nQ
r=0 r! s=0 s!

6.4.1 E(N) = e 29

6.5.2 E(N(N - 1)) = e § r(r - Nma)® = n2Q?
r=0 r!

6.4.3 E(NMN-1)(-2))) = e ™ § r(r - 1)(r - 2)n@)" = n3g?
r=0 r!

The moments of £ (£ = total claims amount) are calculated in this

Section 6.5. N,Q, &, are defined in Section 6.1 and the moments of
N are calculated in Section 6.k.

6.5.1 The first moment of £ is calculeted in this Section 6.5.1.

N
6.5.1.1 E(glN) =8 Iz X, M) =NE(X)=Nnm .
i=1 *

HK 16.8,80



6.5.2

6.5-3

6.5.1.2 E(£|Q) = E(N m|Q) = nmQ
6.5.1.3 E(g} = E(nmQ) = nm

The second moment of £ is calculated in this Section 6.5.2.

N
6.5.2.1 E(£2|N) = B{{ I. xi)ZIN)
i=1

= 2
E((z X2 + g#g xixj)lm)

=N E(x;) + N{§N-1) E(xixj(i#j))

i#

Na, + N(N - 1) m®

E(g2|N) o

i

6.5.2.2. E(£2|Q) = E(Na, + N(N - 1) n?|Q)

i

B(£2]Q) nQa,, + n2Q?m?

6.5.2,3 E(£2) = na, + n*m? (1 + Vq)

E(g2) - (B(§))2

na, + nm? (1 + Vq) - n2p?

2.2
Var({E) = ns, + n°m Vq

6.5.2.4 Var{k)

Var(g)

The third moment of £ is calculated in this Section 6.5.3.

It

6.5.3.1 E(£3|N) = £(( § X, )3|8)

i=1

B(E X} +330F XX, +2L%XXXI|N
* ifgg Y9 ik Y

HK 16.8,80
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E(g3|N) = ¥ E(2 xg) + 3N(8 - 1) E(Xin(i#j))

+ N - 1 - 2B XX (14i#)

il

E(g3|N) Nay + 3N(N - 1aym + B(N - 1)(N - 2)m3

6.5.3.2 E(£3]|Q)

E(Nag + 3N(N = L)a,m + N(N = 1)(N - 2)n?|q)

i

E(£3|Q) nQa, + 3n%Q%a,m + n3Q%n?

6.5.3.3 E(£3) = na, + 3n2ma2(1 + vq) + n3m3E(q3)

3

It

6.5.3.k, E({£ - E(£))3) = E (£3) - 38B(E2)E(E) + 2(E(F))3

+ = 2 1+Y + 3 3E 3
na.3 n mE (J.'!" ) nTm (Q }

'3(nu2 + n2m2(1+vq))nm + 2 nimd

B((€ ~ B(§))%) = nag + 3n2ma V. + n%n3(B((Q-1)%))

6.6 A special case of the model considered in Section 6.1 occurs when
Q =1 (i.e. where no fluctuation in the basic probability of c¢laim
is assumed). In this case g is said to have the simple generalised
Poisson distribution and the results of Section 6.5 become

E(g) = om for @ = 1
E{£2) = na, + n2m? for Q =1
Var(gz) = no, for @ =1
E(g3) = no, + 3n2mn2 + n3m3 for Q = 1
E((g3- E(g))3) = na, for @ = 1

6.7 The effect of fluctuations in the basic probadility of claim can be
studied by comparing the moments computed in Section 6.5 with the
moments computed in Section 6.6, It can be seen that allowing for

HK 16.8.80



6.7

6.8

6.9

- 14 -

{continued)

such fluctuations will inerease the second and third moments of the
total amount claimed. For example the variance increases from na
to na,_ + n?m?V_ when fluctuations in the basic probabilities are
considéred. If%n is large then this part of the variation will

come to dominate other sources of fluctuation in the total amount
claimed,

Section 6.5 explained how the moments of the compound generalised

- Poisson distribution may be calculated. s E etc, are compound

generallsed Poisson variates (e.g. total amou%ts ¢laimed in
successive years or in separate branches) then quantities of interest
will be of the form I ciEi = L. Under suitable assumptions the
moments of § can be calculated, for example if the joint distribution
of £, are known. This is done for one special case in Section 6.9.
In S%cthn 6.10 it w111 be assumed that the moments of ¥ are known so

that w. = E(t), 062 = var(¥), v, = E({g ~ E(z)})?). Section 6.10 will
also hoid in the special case wgere ; =L,

In this Section 6.9 & special case of the process put forward in
Section 6.8 above is considered, It is supposed that there are K

variates E seeesEy, {which may correspond to the claims from the K
branches ) ard tha¥ the first three moments of Ek are {as in Section
6.5) such that

E(equ) = kank
E((s - E(Ek)) ) = Qpag, |

It is supposed in this Section 6.9 that Q, the underl;ing claims
probablllty variation parameter (first introduced in Section 6. l)
is identiecal over all k. In this case we have

E(z5,1Q) = Q E mn = Q8, say

Ver(z €. [Q) =Q Z map, =08,

E((z g, - B(Z £))3[Q) = QE nyaqy = Q8; say

So

E(zg, |Q) = Q8

E((2g,)?[Q) = a8, + Q262

E((zg, )3]Q)= a8 ,+3, (@ +a%2)-283Q% = @ +38,8,0% + Q%)
So B(Lg, ) =8,

P((xsk)2) B, +132(1+v )
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6.10

.-]_5.-.

{continued)

3 = ¢ Ivinld
E((z £,)%) By + 8,8,3(1 + V) + 63E(QY)
Therefore
B(Zg,) = 8) = I mn,

Var(Z sk) =8, + si(l + vq) - ai = B, + sivq

Var(z Ek) =L na, + vq(z nkmk)2

E((z g, - E(g £ ))%) =8,y + 38,8,(1 + vq) + BiE(Q3)

- 2 3
331(32 +Bl)(l + vq) + 287

3 - 133
By + 38,8,V + 83(E((Q - 1))

E({(zr £ - E(z ek))3) I mag 3(% nkg3k)(z njuaj)

+ (2 mn }3(E((Q - 1)3))

v
q

r was introduced in Section 6.8. An approximate distribution for T,
if its moments are known, will be derived below.

E({(z - E())3).

Suppose ul = E(z), o2 = Var(z), M,

Let y(s) = E(eisc) = eisul.E(eis(C B Hl))

¢(s) = e13u1(1 + §i32202 + (is 3u3 + ,..) if the moments all exist.
2 3!
v(s) = e**Frexp log (1 - ¢252 + (is)3p + ...)
21 3t 3
Potl. — olal
¥(s) = 5% T 8°° /2(1 + (is 3u3 + ,..) under suitable conditions on

3! the moments within some
range of s.
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6.10 (continued)

6.11

Suppose { has density function f and distribution function F.
Then f(x) = 7 y(s)e X gg

Y
2n
- - 22 -
= 1 s cisw -~ 8% /2, isX() 4 (is 3"3 +...) as
2x

8o F(x) = (1- fa.ﬂis Yol X" My o« ...

3! ax a
X—u H] (3) X~ U
F{x) = & 01)-6:30 (—U—L)'l--.-

This expsnsion is knowm as the Edgeworth expansion.

Section 6.10 computed an approximate distribution for ¢ given its
first three moments. Suppose we denote by z_ the amount such that
the probability z, is exceeded by r is €. In that case, by
definition,

F( ze) = 1 - E

Similarly define ¥, 8o that

0(3':) = l - E .

l-¢

Then Q(ye)

F(ze)

F( (ul +oy. )+ (z - (u1 +oy)) )

R v ov) + (g - G+ oy PP oy v
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6.11 (continued)
o(y,) = oly,) - B ¢{3)(y€} + e

6a3

- 1.,0(1)
+ (ze (ul +cy£)) 39 (ye) ..
Therefore

. W (o2 -
Ze lll + oY, + __3_(y€ 1)
602

This approximation has been found to be good in practice when

M < 2.50. This is normally the case. TFor very skew distributions
with very high retention ratios (M/o) the approximation may be
checked for a given distribution for ¢ by comparison with the

(1 - €) quantile obtained from the distribution.

X 16.8.80
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7.3
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1. JUSTIFICATION OF TIE FORMULAE

The formulae that require justification are givenm in Section 3 and
described in Section 4. The notation used is that described in
Section 4 and summsrised in Section 8.

is supposed to ensure solvency over the next year. 8o Emin
1@ defined conceptually by

Pr{(l+i)(Emin+U) + YI+L({142)P - x) > =) ~-¢g .

In this equation

i = interest assumed earned net of tax

U = the company's own capital and free reserves {including "hidaden
reserves")

A = the security margin in the premiums

x = the total amount of claims during the next year net of
reinsurance

P = net premium income net of expenses and reinsurance

The Finnish Supervisory Service requires the values

.05
o
.01

n e
nnn

and additionally imposes the constraint Emin > M - U where M is the
company's maximum net retention.

The conceptual definition of Emin now becomes

Pr{1.05(E . +U) + 1.0247(P-x) 2 0} = .99 .

In order to determine E . from the conceptual definition it can be
seen that it becomes necéssary to consider the distribution of x.

Suppose that there are K branches and that the total amount of claims
during the next year is Xk in respect of branch k. Then

x= £ X . Accordingly it becomes necessary to consider the
k=1

distribution of xk.

HK 18.6.80



T.h

7.5

7.6

_19_

has the compound generalised Poisson distribution deseribed in
Séction 6. Section 6 refers to the compound generalised Poisson
variate as £. In this section 7.4 we suppose that the model
desceribed in Section 6.1 is appropriate for X . Suppose n, to be the
number of expected claims in branch k and P, the net premiilim income.

As in Section 6.1 suppose V_ to be the variance of the underlying
claim frequency parameter,

Then Pkfn is the expected amount of one ¢laim. Suppose a,,, and &y 3
are theé sgcond and third moments of the amount of cone claim. Then,
from Seetion 6.5 we cbtain the first, second and third moments of

Xk as
E(x) =P

P2
Var(xk) =0, * "k Vq

E((x, - E(xk))3) = maoy g+ 30 Prag oV + PﬁE((Q—l)a)

The Finnish Sunervisory Service have issued instructions that it is
desirable to treat the fluctuations in basic probabilities
approximately. Instead of assuming (as in Section 7.4) that for a
branch the mean of N has a distribution that is centred on n, with
variance n2y , the companies have been asked to assume that the mean
of N is eqﬁai to n (l+qk) vhere q. is a constant. On this
simplifying assump%ion £t foliowsFfrom Section 6.6 that

E(Xk) = Pk(1+qk)
Var(X,) = n, (1+q o,
E((x_ - B(x))?) = hk(l+qk)ak3

The approximation given in Section 7.5 is Jjustifiable to some extent
on the following grounds.

7.6.1 It is possible to arrange a rough equivalence between the two
schemes by comparing the capital required under each scheme.
Assuming the normal distribution within this Section 7.6.1
and using the moments computed in Section 7.l then the
capital required for branch k alone would be

Pﬁ ]
P +y (no, + ;; Vq)

HK 16.8.80
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7.6.1 {continued)

But if the approximation described in Section 7.5 is used then
the corresponding capital required is approximately

3
Pk(1+qk) + Ve(“k(l*qk)"kz)

By equating these two expressions we can obtain an estimate
of the q, required. In particular if n is large we obtain
the folldwing approximation for qk:

1
q * yev;. Vq is defined in Section 6.1. Values of 9

between .2 and .4 are commonly used, although in special
cases it can be higher. Examples of q, are given in
Section b.2.

7.6.2 Unless some spproximation on the lines of Section 7.5 is made
it becomes very difficult to compute the moments of x = L X .
The alternative assumption ir Section 6.9 is hard to justi
on practical grounds. The possibility of correlations betwean
Q for different branches is a very real one {e.g. a weather
episode may affect several branches, likewise & financial/
inflationary episode). I% is desirable therefore that the
reserve in respect of the fluctuation of the basie probability
should be essentially additive across the dranches. The
approximation of Section 7.5 permits this additivity, and
furthermore removes the link between the {X } so that they may
be treated az independent variables. By this means the
approximation of Section 7.5 permits the computation of the
moments of x.

T.7 Using the assumption in Section 7.5 we may now regard {X } as a set
of indeperndent random variables. So we may now compute the first
three moments of x. The derivation below uses characteristic
functions.

Let ¢(s) = B(els(X"E(x)))

Then $(s) = 1 + (is)2 Var(x) + (is)3 B{{x-E(x))3) + ... under
2! 3!

suitable conditions on the moments of x.
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7.7 f{continued)

7.8

K .
Now ¢(3) = E( kgl elS(XK - E(X-K)))

K -
So ¢(s) = 1 E(els(xk—E(xk))) since {Xk} are independent

k=1

K
So ¢(s) = I (1 + (is)? Var(X,) + (is)? E((xk-E(xk))3) + .al)

=] 2! 3!
So ¢(s) =1 + I (is)? Var(X ) + T (is)3 B((X -E(X))3) + ...
gl ver() T {582 030G

Therefore

Var(x) = % Var(xk)
k

E({x~E{(x})3) = & E((xkﬂm(xk))3) .
k.

The moments of ere given in Section 7.5, and can be substituted in
the formulae aboVe. 8o

K
E(x) = T (1+q )P
k=1 k' k
K
Var(x) = I n (l4g Ja = 62 in the notation of Section L.2
=1 k k' k2 .
K
E((x-E(x))3) = £ n (1+q )a =y in the notation of Section k.3.
K=, k k' k3 3

Section 7.7 computed the moments of the total amount of claims x.

From Section 6.11 the claims for which reserves must be adequate are
then

2(14q )P, + oy + Ma -(y2-1)
602

where P_,o,y are as defined in Section 4.2 while y is defined in
Section 6.113 €
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7.9 From Sections 7.2 end 7.5 we have

T.10

- : v 2_ =
1.05(E . +U) + 1.0247(P (E(1+q )P + oy + 3 (ye 1)} =0

2
So 6o

= H 2_ -
Ein = °976(Zq P +oy, + 3 (y2-1)) -vU

6a?

_ u

Emin = .976‘?-qu1{ + 202706 + 07180 2&
]

since Y, = 2,326, since ¢ is ,01 from Section 7.2,

This is almost equivalent to equation 3.2 described in Section k.2,
(The writer has been able to find no explanation for the small
discrepancy in the coefficient of yg/o?). Equation 3,2 was

m

E o 7 «9T6zq, Py + 2.270 + o..71h.;2—

Equation 3.2 is somewhat complicated to apply in practice because of
the necessity to estimate ug and o?. Accordingly in situations where
the reserve is substantially greater than Emi it is possible to

save the labour involved in calculating E in Ey calculating an
approximation that is in general higher thad E . . This is outlined
- * mln

in Section T.1ll.



7.11

T.12

.—23...

Let n = Z(l-l-qk)nk

Let 8(x) be the distribution function of a single claim, with
mean m, second moment G5y third moment u3.

Then, following the assumption of Section 7.5, in the next year it
is expected that there will be n ¢laims with the average claim being
of amount m, where m = IP (l+qk)/n. This actual process will now be

contrasted with an alcerngtive imaginary process.

An alternative imaginary process would expect nm claims, each claim
M

being for an amount M (where M is the maximum retention and satisfies

M> m).

It is intuitive, although difficult to prove, that the alternative
imaginary process is more dangerous than the actual claims process.
For example for both processes the mean is nm. For the actual

process the variance is ﬁaQ. For the imaginary process the variance
is nmM. Now

=0 2 oM = n

na, = nfox? a8(x) < Mnfj xaS(x) = Mom.

So the variance of the actual process is less than the variance
of the imaginary process.

The approximation of E . proceeds via assuming the above imaginary
process. The expectedmﬁﬂmber of claims of size M is

mm =1 zpk(1+qk) = 1 in the notation of Section 4.3. If N is the
M M -

number of claims in the imaginary process then N is a Poisson variate
with mean t. The claims incurred in the imaginsry process are NM,

If y(t) is the smallest integer satisfying Pr{l<y(r)}> .99 then the
probability that N is less than y(t) is at least 99%. So y{t)M is a
satisfactory cautious estimate of the annual total claim, The
constraint y(1)22 is an assurance that two large claims, however
unlikely, can both simultaneocusly be met, So E = My(t) - P - U is

a cautious estimate of the minimum fluctuation reserve defined in
Section 7.1. This completes the justification of Formula 3.3
described in Section 4.3.

Emax is supposed to ensure solvency over the next five years. So
Emax is defined conceptually by

r r-t+1
+ 5 ()TTR((MP-x,) 2 0 1grsS) = 1 -e .

Pr{{1+i)'E
ma t=1

X
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7.13

T.1kh

(continued)

The notation is that of Section 7.l and as in Section 7.2 the Finnish
Supervisory Service requires the values

1= .05
A=0
e = .01

The conceptual definition of Emax ecan now be rewritten

r '
- . T RS sat 0PI -
E__*= Max{Er.(Pr{(l.OS) E, + t§1(1+1) (P-x.) 2 0} = .99)}

In view of the assumption of Section 7.5 Er is of the order of
Zq P .
9 K
So generally E5 above equals Emax'
So the equation defining Emax can be rewritten
5

45 S=t+3 ., -
Pr {(1.05)°E  + til(}.os) (P-x,) 2 0} = .99.

The moments of xt have been computed in Section T7.7. However we now
5
require the moments of I xt(l.OS); L T ssay. ixt} m3y be assumed
+=1
to be independent random variables,

Row from Section T.T

E(xt(l.OB)%-t) = i(1+qk3Pk(1'05)%“t

1- -
\rar(xt(l.os)5 Yy = g2(1.05) "%t

B(x (1,094 - B(x, (1.05)57)%) =y (1.05)27

We may also use the results of Section 7.7 concerning the moments of
sums of random variables. This yields
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{continued)

B(T) = % (1+qk)(1.05)%"tp
k

t k
Var(T) = £o?(1.05)% "

t . .
E((P-E(T))3) = 2u3(1.05)1§‘3t

t

Now
5 1-t 1

£(1.05)° " = (1.05)2a31= 1.024695 4.329486 = b 436
1

s 1-2¢ A
£(1.05) = (1.05) "10l= 1.05%7.72175+2.05 = 3.955042
1 s

2

0« (Losytt 851 = 1,015 -
.05) = (1.05)7% T15] = 1.0759297x10.379678 = 3.5k2522
1 531 3.1525

So
E(T) = h.h362(1+qk)Pk
Var(T) = 3.955¢02 = (1.9890)2

E({T-E(T))3) = 3.5h3u3

The definition of Emax can be rewritten (from Sections T7.13 and T.1lh)
Pr{E + b.U36P - T 3 0} = .99

From Section 6.11 we obtain the (1-€) quantile for T for which
reserves must be adequate as

4.436Z(1+q P} + 1.9890y_ + 3.543 Yy

1 (y2-1)
3.955 26 °©

Therefore
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(continued)

Emax = h,h36£q + 4.6260 + 658 since v, = 2.326.

3
o2
This completes the justification of Formuls 3.4 described in
Seetion u.h,

If in a typical year the mean number of claims is n them the average

claim is EIP, (1+g. ) so that « . is of the order of (IP (1l+q ))2
. k k k2 ( k k )

n ( n )
From Section 6.6 this implies ¢ is of the order of EPk(l+qk)[jE
Thus the appreximate formula of Section 4.5 is of the order

+ g.
5}3qkk o

This is close to the formula of Section 4.4. The writer can see no
further Jjustification for the formula 3.5 deseribed in Section L.5.

The formula applied by the Finnish Supervisory Service for
fluctuation reserve transfers is

— o - - . . »
AEk = .O5E, + 1.0214"{((:?k + ak)Pk Xk) as described in Section 4.6.

This formula is applicable without difficulty provided that the

constraints E. >0 for all k, E_.£¥YE <E are not breached., In this
k= miT — kK= max

case the effect is to remove both the profit due to investment income
earned by the reserve and the deviation off expected profit (or loss)
on underwriting from the reported profits. The profit and loss
account will merely show the ocutgoings as E(f + a )P regardless of
the actusl claims experience.

If the result of using the formula of Section 4.6 would be to
satisfy the constraint E inS2ESE  but to breach the constraint

Ejgo for some J then Ej is zeroed by proportionate transfers from
branches 1 satisfying El>0.

If the result of using the formula of Section 4.6 would be to breach
the constraint E . <2Ek 5E then the amount transferred is reduced
so that the constra1nt is satlsfied. So, for example, a succession
of poor years would exhaust the fluctuation reserve and would after
exhaustion of the fluctuation reserve come through as outgoings in
the profit and loss account.
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8. NOTATION

Where symbol Where symbol Symbol Description of symbol
best defined used

2.1 3,4,5,7,10 E . Lower limit of the
min fluctuation reserve
2.1 3,4,5,7,30 E Upper limit of the
max fluctuation reserve
b2 3,4,5,7 Qe A constant for branch k
h.2 3,4,5,7 P Net annual premium income for
branch k
.2 3,4,5,7 o2 Adjusted variance of annual total
claims
.2 3,k,5,7 u Adjusted third central moment of
3 snnual total claims
k.2 3,4,5,7 U Free reserves | '
h.2 4,5,6,7,10 %5 Second moment of single claim
amount
h.2 4,5,6,7,10 %3 Third moment of single claim
amount
4.3 3,4,5,7 T Ratio of adjusted expected annual
claims to retention
L.3 3.4,5,7 M Retention
4.3 3,h,5,7 y(t) Inverse Poisson variate
h.5 3,4,7 n Adjusted expected annual number
of claims
4,5 3,4,5,7,10 n, Expected annusl number of c¢laims
in branch k
4.6 3,%,7 E Fluctuation reserve for branch k
4.6 3,h,7 Aﬁk Change in Ek
k.6 3,4,5,7 ED Initial value of E
4.6 3,4,5,7 -k Expected claims ratio
h.6 3,4,5,7 a, Constant addition to fluctuation
reserve transfer for branch k
4.6 3,4,5,7 X Annual total claims for branch k
6.1 6 N Number of claims
6.1 6 X; 12i<N  Single claim smount
6.1 6,7 m Expected single claim amount
6.1 6,7 ap Second moment of single claim
amount
6.1 6 n Mean number of claims
6.1 6 Q Underlying probability random
variable
6.1 6,7 v Variance of §
6.1 6 gl Compound generalised Poisson
variate
6.8 6 e Arvitrary coefficient
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Where symbol
best defined

6.8
6.8

6.8
6.8

6.9
6.9

6.9
6.9
6.9

6.10°
6.10
6.10
6.10

6.11
6.11

» &

-

] =3 =3 =3 ) w) =] =3 =]
0D =Y Lo N b et

[

-3
[
=
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8. NOTATION (continued)

Where symbol Symbol Description of symbol

used
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Annual total clsims for company
Expectation of ¢

Variance of L
Third central moment of I

An indexed compound generalised
Poisson variate

Expected single claim amount for
branch k

Summed first moment

Summed second moment
Summed third moment

Characteristic funetion of
Density function for
Distribution function for
Distribution function for
standard normal distribution
(1-¢) quantile for

(1-¢) quantile for standard
normal distribution

Rate of interest

Security margin in the premiums
Annusl total claims Tor company

Annual net premium for company

Probability of ruin

Number of branches
Characteristic funetion of x
Adjusted mean number of claims
Distribution function for a
single claim amount

Ratio of annual claims to
retention

Total claims for company during
year t

E. 2555 Fluctuation reserve for next

T

r years
Discounted total claims for next
five years
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9, EXPERIENCE

When the system came into force in Finland in 1953 the insurance
companies were allowed to create "initial funds" from "hidden assets"
within the upper and lower limits.

Figures for the fluctuation reserves actually held are not available
to me, however it is believed that they are commonly in the range
50f to 100% of premium income.

The fluctuation reserves have, according to Pentikainen(1970)
increased the financial standing and action potential of the
insurance companies,

The implementation of the idea of fluctuation reserves was helped by
the fact that actuaries in Finland had received training in applied
risk theory.

From 1953 onwards there occurred a substantial increase in net
retentions and a reduction in the proportion of premiums reinsured.
For example in transport the ratio Reinsurance premiums/Total
premiums fell from T0% in 1952 to 60% in 1955 and it is believed
this £all is due to fluctuation reserves.
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10. COMMENTS AND CRITICISMS

The method is not completely automatic. Determination of the upper

and lower limits requires estimation of the quantities Ny 3%y 058,

introduced in Section 4.2, This requires some judgement and
experience and also requires some study of the experienced
distribution of claim amount so that %y andak3 can be estimated.

This is a disadvantage since it generates work for the company. On
the other hand the fact that the method is not completely sautomatic
allows the reserve to be set with due regard to the circumstances

of the company's portfolio, and this is an advantage of the method.

The method does not specifically cover reinsurance inward, although
it may be amalgamated with direct business net of reinsurance.

A fluctuation reserve does not deal with long term trends. Long term
trends are best dealt with by alteration of premium rates in a
process of adaptive control.

The formulae (especially for Emax) assume a stable premium income

and there is apparently no flexibility with regard to projected
premium and claims growth,

The amount Emin is inadequate for & company to hold as its

fluctuation reserve since it would then have no cover against
fluctuations reducing its free reserves to below Emin’ at which

point presumably the Supervisor may prevent new business being
written, So perhaps 2E - would be a reslistic minimum fluctuetion
reserve from the compan§4s point of view.

The method does not deal with stop-loss reinsurance, which is allowed
for separately.

The method used in Finland is scientificslly based, using the
principles of risk theory.. It is related to theory and has
apparently worked well in practide. The effect of the method has
apparently been to increase the security of policyholders and, by
virtue of the reduction in the reinsurance requirement, reduced
costs for policyholders and throughout the economy.
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