
TECHNICAL RESERVES 

Introduction

Much has already been written about different theoretical methods 
of calculating technical reserves for outstanding claims. The first 
part of the Group's work this year, therefore, was to consider the use 
of these techniques, in practice, and the problems facing the actuary 
in these situations. 

In Paper2, Jim Ryan considers the choice of reserving basis for use 
in various circumstances, and di.scusses the possibility of conflict 
between the different. values derived. The paper also considers the
role that case-estimating now has to play. 

George Orros then shows, in Paper, the type of report on claim 
reserves which might b e made to corporate management by the general 
insurance actuary. Use is made of a hypothetical set of claims data, 
which has been adapted from some actual DOT Returns data. 

In addition to this type of report, however, the actuary must also measure 
the consistency of his claims estimation over time. Lawrence Eagles has 
therefore shown, in Paper , how this may conveniently be done, by 
reference to the same- data set as was used in Paper . Of particular 
importance is the need to monitor the outcome of the original estimates 
made for each claim cohort. 

The second main part of the Group s work was prompted by the thought that 
most claim projection techniques have been developed as a means of 
dealing principally with inflation, which has been the main problem 
facing satisfactory claim reserving in recent years. Stripping the 
inflation effect from these methods, are we left with very rigorous 
statistical techniques? 

Clearly, in the time available to this Group, it was not possible to 
develop the study of statistical techniques -to any great depth. It is 
clear, however, that actuaries should be considering how best the profession 
can improve methods of projection in the main problem areas. 

The need for statistical methods is particularly acute in the case of 
risk classes subject to large random variation or where data is limited, 
and Papers and b have therefore considered this problem. 

In. Paper 5, Chris Mellor outlines the problem of estimating reserves for 
c asses with limited data, with particular reference to extension of the 
statistical method recently developed by Harry Reid in his Institute 
paper. The possibility of using information derived from case–estimates 
is also suggested. 
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John Ryan (Paper ) considers practical methods of rate-making 
where data is limited and of low credibility, including the possibility 
of grouping data, or of using market data. The paper is illustrated 
by application to a long-tail liability account. 

A final paper has been supplied by Henry Karsten (Paper ) , suggesting 
an adapted cost/claim projection method, where past experience is 
given credibility dependent on length of development. The method is 
an extension of the cost/claim procedure set out by Bennett & Taylor 
in their Hy the paper, which effectively only dealt with the zero 
credibility position. 

John Taylor 
June 1978 
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Claims Reserving under different circumstances 

This paper discusses the use of different bases and methods of estimation with 
regard to the type of business and the purpose of the investigation concerning 
outstanding claims reserves. 

Solvency considerations 

The solvency valuation should obtain a resulting figure for the Liability that 
will prove to be adequate on a reasonable expectation of future events. The 
figure required is for the class or classes of business to be adequate as a 
whole and not necessarily for the individual risk groups within that class of 
business. 12 the view is taken that the outstanding claims reserves should be 
adequate and not become a drain on other resources of the company then a 
conservative valuation should be made so that a release of reserves would occur 
in the future with the intention of a controlled release though this would not 
be a large release. The aim is to minimise the margins and to maximise the 
security at the same time. This is an area where the Actuary should be useful. 
It does not need an expert statistician to allocate large margins to reserves 
to ensure their adequacy, but it is a waste of the company's capital tying it 
up in claims reserves if it is never likely to be needed. What is required 
are margins adequate most of the time so that there would be a small chance 
of the reserves being inadequate. 

Though the main object of a solvency margin is for the overall account to be 
adequate, it is essential to know the position of each claim year so that steps 
may be taken to correct any adverse trend. If the latest claim years are 
making losses on its reserves held, while the earlier claim years are making 
large releases the overall account could show a release to profit indicating a 
healthy position overall financed by the earlier years' releases and hiding the 
poor later years. An internal valuation would show the true position of each 
claim year while the published valuation would show the overall position. 

It is worthwhile considering whether to make any fluctuation margins in the 
valuation implicit or explicit. Implicit margins hide the amount of margins 
in the reserves and even though it is felt that the reserves are adequate by 
erring on the cautious side during a valuation no attempt is made to quantify 
the extent of the margins in the reserves. It could also hide the fact that 
there is very little fluctuation margin in the reserves, 

The explicit margin method would involve making a 'best estimate' of the 
reserves needed, plus explicit margins for statistical and inflationary 
fluctuations, the company really needs this method for its internal disciplines. 
in order to make reasonable projections of cash flow, profitability and the 
future solvency situation an accurate estimate is required of the way the claims 
payments will behave in the future and the starting point is the most accurate 
estimate of the claims reserves possible. 

There could be some difficulty with the DoT., if explicit margins are used when 
it comes to making applications for premium rate increases over the amount of 
margins needed in the projections of reserves. On the other hand, the DoT want 
to ensure that each company is adequately valuing their reserves which encourage 
a cautious basis. Also, there may be difficulty in persuading the Inland Revenue 
to allow explicit margins and lengthy debates could follow on what size these 
margins should be as more than adequate margins could be a means of deferring 
tax. 
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The showing of explicit margins may not please auditors as the valuation may 
appear inconsistent due to the possibility of margins changing from year to 
year, although these changes would have to be backed up by explanations. 

When making a claims valuation the basis of the valuation could be stated just 
as the basis is stated in life business. This would be helpful to the authorities 
and the public and could demonstrate the strength of the company's valuation 
basis, 

Premium considerations 

With regard to premium rating, market considerations influence a company's 
premium rates to a great extent and also whether the company wants quality or 
quantity of business. For calculation of the reserves for risk premium 
considerations, an accurate basis needs to be used so that the profitability 
Of the resulting premium rate can be guaged. If an over-conservative basis 
is used it may be thought that the profit return is not high enough so that 
profitable business may be turned away. A balance has to be struck between 
being optimistic and conservative. Another requirement is accurate estimates 
of the reserves for the risk groups or sub-classes within a class of business 
thus ensuring that high and low risk sub-classes are allocated reserves 
reflecting their experience. It is probably impractical to split a class 
into many risk groups during a valuation because of the small-ness of the 
data within those groups, it may simply be split into comprehensive and 
non-comprehensive, as in Motor Private Car. 

Economic considerations 

Probably the most unstable element in a valuation basis in recent years has 
been the estimate of future inflation likely to occur over the future run-off 
of claim payments. The inflation assumptions would start with a narrow range 
over the following year from optimistic to pessimistic and the range would 
diverge with each year into the future reflecting the uncertainty of the 
estimator. A solvency valuation would probably tend to use inflation rates 
at the pessimistic end of the range while a premium valuation would use a 
rate nearer the average of the range. The estimation of future inflation 
rates is much less of a problem for the property classes than the liability 
classes due to the shorter claims run-off for property classes and the 
liability classes being related to the more unstable earnings inflation. 

Applications to data 

At this time there is no test or method available which when performed can 
give the required degree of confidence that the reserves are accurate. This 
being so we should use a few methods which look at the data from differentg 
angles so a picture is built up of the account under investigation. Some 
suggested methods may be case estimates, a grossing up method and a claim size 
distribution method such as in D.H. Reid's recent paper, which all look at the 
account differently. As all the grossing up methods tend to point in the same 
direction, to use these methods together would not really tell us something 
different about the account . 

If we consider some examples of-data, case estimates could apply to all classes 
but for a very large class with say 100,000 claims or over, it is probably 
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impractical for the claims staff to case estimate all of them, so that this 
method would be used when the number of claims was of more manageable proportions 
say after two years from the claim year as most,claims are settled within the 
first two years. Statistical methods would be used during the first or first 
and second years. When there are less claims outstanding as in the earlier claim 
years more emphasis would be placed on the case estimates there is only a small 
number of claims left of which most are probably large claims, reliance would be 
placed completely on the case estimates plus any margin thought to be required. 
When there is a large amount of data which is reasonably consistent, such as 
private car, grossing up methods are quite successful but these methods cannot 
be relied upon on their own as these methods do not react quickly to changes 
in the account as they rely heavily on past experience. 

In a rapidly expanding account an investigation into the mix of the portfolio 
is needed as there could be large changes over a short period of time. If the 
class is split into risk groups then the proportion of claims in each risk 
group compared to its historical level may be compared along with the relative 
differences in cost between the risk groups. Using this information an estimate 
may be made of how much the overall class may be affected by the change in mix 
and adjustments made to the reserves. Alternatively, the individual risk 
groups could be projected wing a cost per claim method but the influence of 
large claims could affect the results. Comparison of the average payments per 
claim from year to year, such as in Motor for the own damage section, may 
indicate whether costs are increasing more or less rapidly than inflation and 
a possible change in mix indicated. 

With a very small amount of data, reliance on case estimates would be heavy 
as there could be large fluctuations from year to year by the impact of large 
claims, When considering reserves for premium rating it is necessary to make 
some estimate of the fluctuations which are likely to occur in this small 
account as the company may over-react to unfavourable underwriting years thus 
hindering its steady expansion of business by fluctuations in premium rates. 

Case estimates 

Case estimates where claims staff consider each claim individually and assess 
the payment to be made on that claim are traditionally required in a valuation. 
Because the human element is so important the case estimates are treated with 
caution. Considering that case estimates are so subjective and that claims 
estimates can be made satisfactorily by formula methods we may consider 
weather we still need case estimates if we have adequate data. Some uses 
which case estimates have are: 

(1) to estimate the large claims which may take several years to settle. 
This would be required even if other methods were used to estimate the 
smaller claims . 

(2) provide a measure of cost control for claims settlement departments. 

(3) give the first indication of an account changing which formula methods 
based on historic data might not detect. 

(4) splits the claims of a class into the individual risk groups so that the 
experience of each risk group may be investigated for rating purposes. 
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(5) claims may be grouped into different claims amount bands so that the 
effect of different excess levels may be guaged. 

To make an estimate for a claim involves estimating the payment to be made as 
at the date of the estimate plus inflation up to the date of settlement. A 
case estimate may be made in two ways: 

(a) in money values at the date of estimate by the estimator then inflation 
added in total taking account of the claims run-off for this particular 
class or risk group if required. 

(b) giving the claims estimator an inflation rate or rates for the future 
and expecting the estimator to give the value of the claim as at his 
estimated date of settlement. 

Either way the result is a subjective estimate of the claim value. Estimates 
are more difficult to make if a certain type of claim is increasing more than 
the rate of inflation e.g. if court awards are increasing in real terms with 
respect to serious injury claims. 

Some guide as to the accuracy of the case estimates and hence how accurate the 
claims staff are,is needed, This can be done using past experience by comparing 
how accurate the original case estimates are with what has actually happened to 
date. The original case estimates can be compared with the payments to date 
plus outstanding case estimates of successive valuations and for each claim 
year. Estimating accuracy is a subjective assessment as over the years the 
case estimates are likely to show varying levels of accuracy and allowances 
should be made for differences between the actual and the expected levels of 
inflation in the past. The assumption is made that the case estimators have 
remained consistent in their estimating and have not decided to increase or 
decrease their estimates because they know that they have been undervaluing 
or overvaluing the estimate's in the past. It is important that the estimators 
have not been encouraged to change their method of estimating as then past 
information would be of little value. Consideration of the trends in the 
accuracy of the case estimates will give some clue to this. 

The original case estimates may also split into bands by claim amounts and 
the amount of drift nay be assessed by following those claims in a particular 
band over all development years so that accuracy by claim amount is judged. 

Having found the range of accuracy from the past along with any other 
statistical methods used, a margin may be added or subtracted to the case 
estimates to bring the reserve to the required level. This is useful when 
a breakdown into risk groups is required when the experience of risk groups 
is being investigated as for rating purposes as this margin will have been 
applied to all the individual case estimates. 

Where the case estimates score over the statistical methods is when a type of 
claim arises for which there is very little past experience so that the 
statistical methods which rely heavily on past experience are unsuitable 
e.g. subsidence claims in the Householders class in the recent past. 

J. Ryan 



A technical reserves report from the general insurance actuary 

Author: G. C. Orros 

1. Introduction 

This paper attempts to consider the case study of a hypothetical typical 
general insurance office. The purpose of the paper is to present the type of 
information that the general insurance actuary to this hypothetical office might 
have reported to the corporate management. Consideration has been restricted 
to the reporting of outstanding claim reserves and their implications on the 
underlying claims experience of the office. No consideration has been given 
to matters concerning unearned premiums, unexpired risks, expenses, solvency 
or liquidity; these being considered to be outside the scope of this paper. 
A brief attempt has, however, been made to measure historical claims fluctuations. 

2. Scenario 

This hypothetical office commenced writing business in 1970. The risk 
groups written are Private Cars, Householders (Property), General Liability and 
Employers Liability. The position is now early 1977, the 1976 Annual Accounts 
and 1976 Department of Trade (DOT) Annual Returns having just been completed 
and audited. The general insurance actuary has been supplied with the office's 
DOT Annual Returns for 1970 to 1976, no supplementary information being available. 
The actuary has been asked to report to the corporate management, on the basis 
of the DOT Annual Returns, as to the underlying claims experience and the position 
regarding outstanding claim reserves. 

The remainder of this paper outlines some of the contents of the general 
insurance actuary's report. The tables at the end of this report summarise 
some of the results of the investigation. In practice, of course, supplementary 
information would be available, enabling more comprehensive actuarial investigations. 

3. Conclusions 

The main conclusions of the general insurance actuary's report might 
include the following:- 

(i) 

(ii) 

(iii) 

It would appear that delays (weighted by claim amount) to the 
settlement of claims (from date of accident) may have been 
lengthening, although these may have been distorted by either 
the strength of the valuation basis or by the effects of 
historical inflation. Further investigations would be required 
to establish the true underlying position. 

A crude measure of the implicit or explicit margins (historically) 
in the outstanding claims reserves as at 3lst December, 1975 
indicates that they were overstated by approximately 10%. 

It would appear that there has been a substantial variation in the 
estimated loss ratios by year claim incurred and risk group. There 
was, however, a marked deterioration in 1976, although this may 
have been exaggerated by the apparently strong valuation basis 
for outstanding claims. 



(iv) On the assumption that the expected ultimate loss ratios for 
each risk group are Normally distributed, a crude attempt has 
been made to calculate the extent of 2 standard deviations per 
unit of premium. It was found that these amounted to approximately 
16½% (on published 1970 to 1975 experience) or 25% (on "best 
estimate" of 1970 to 1976 experience) of the premium income. 
These figures reduced materially (to 6% and 11% respectively) 
if, alternatively, it was assumed that the overall experience 
for all risk groups was Normally distributed. It was considered 
that these results may have important implications as regards 
solvency margins. 

(v) It would be helpful if the office could provide some supplementary 
information. This might include:- 

a) 

b) 

c) 

d) 

e) 

f) 

A subdivision of the four risk groups into risk sub-groups. 

A full statement of the valuation bases adopted each year. 

Details of the results of alternative valuation bases considered 
but not adopted for the DOT Annual Returns. In particular, one 
would like to see comparisons between case estimates and 
statistical methods of estimating outstanding claims. 

Details of the projected emergence of the outstanding claims 
reserves by year of payment. If this were available one would 
then also consider discounted outstanding claim reserves. 

Details of explicit or implicit margins in the valuation bases. 

Explanations of the underlying causes of various historical 
underwriting results. For example, the 1976 incurred Householder 
(Property) risk group, the 1974 incurred General Liability risk 
group, the 1973 incurred Employers Liability risk group, and 
so on. 

(vi) It is appreciated that some of the answers to the points raised in (v) 
above will not be available or forthcoming. In particular, offices 
which rely solely on individual case estimates for outstanding claim 
estimates may not be aware of either margins in valuation bases or of 
the expected emergence of the outstanding claim reserves. Nevertheless, 
the answers to these questions should prove instructive and provoke 
discussion. 

4. Summary of Results 

The main results of the actuarial investigations have been presented via 
Tables 1 to 18. 

Table 1 (see page 6) provides details of the emerging claim payments to 
each cohort and risk group. The outstanding claim estimates include incurred 
but not yet reported (IBNR) claims. The estimated ultimate claims are the sum 
of the historical claim payments and the estimated outstanding claims. 

Table 2 (see page 7) provides details of the cumulative emerging claim 
payments. This table is merely a cumulative version of Table 1. 

Table 3 (see page 8) summarises the annual contributions to the emerging 
loss ratios. This table is based on the ratios of the emerging claim payments 
in Table 1 to the earned premiums from Table 3. 
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Table 4 (see page 9) summarises the emerging loss ratios and estimated 
ultimate loss ratios. This table is based on the ratios of the cumulative emerging 
claim payments in Table 2 to the earned premiums from Table 4. 

Table 5 (see page 10) summarises the observed cumulative emerging claim 
payment distributions. This table is based on the figures in Table 2. It would 
appear that "latest diagonal" estimates indicate longer delays than the "average" 
estimates. This apparent lengthening of delays to settlement may, however, have 
been distorted either by the strength of the valuation bases for outstanding claims 
or by the effects of historical inflation. If, for example, strong outstanding 
claim reserves were to be adopted for all cohorts then one would expect the "latest 
diagonal" estimates to indicate longer delays to settlement than the "average" 
estimates. Also, historical changes in the rate of inflation could lead to 
misleading delay distributions. Further investigations are required to establish 
the underlying delay distributions to claims settlement. These further investigations 
would include preparing similar tables in respect of:- 

a) inflation adjusted emerging claim payments; 

b) "best estimates" of emerging claim payments, with or 
without inflation estimates; 

c) numbers of claims settled and outstanding, with proper 
allowances for reopened claims and zero claims (i.e. 
claims closed at no cost). 

Some of these further investigations require supplementary information, which might 
not be readily available. 

Table 6 (see page 11) provides details of numbers of claims, claim payments 
and average claim amounts for each cohort and risk group. It would appear that 
the results vary significantly according to office practices regarding "closed" 
claims, "claims closed at no cost", "claims closed at some cost", "reopened" 
claims, "payments on account", and so on. Comparisons can, therefore, sometimes 
prove misleading. 

Table 7 (see page 12) provides details,for private cars only, of 
exposures (vehicle years), claims frequencies, average claim amounts and pure 
risk premiums. This information is not available from the DOT Annual Returns 
for the other risk groups. 

Table 8 (see page 13) summarises the latest estimates of the ultimate 
loss ratios for each cohort and risk group. These estimates were published as 
at 31.12.1976 and may contain implicit or explicit margins. An attempt has 
also been made to measure the "best estimates", and these have been summarised 
via Table 17. 

Table 9 (see page 14) indicates the extent of the apparent claims 
fluctuations, based on the published 1970 to 1975 claims experience. On the 
assumption that the loss ratio for each risk group is Normally distributed, it 
would appear that 2 standard deviations about the mean represent 16½% of the 
premium income. If, on the other hand, one bases the calculations on the overall 
claims experience for all risk groups, and assumes that the overall loss ratio 
is Normally distributed, then 2 standard deviations represent only 6% of the 
premium income. This interesting_feature may suggest some evidence of "negative 
correlation", i.e. a "good" year in one risk group is partly matched by a "bad" 
year in another risk group. No attempt has yet been made to pursue this matter. 

Table 10 (see page 15) summarises the outstanding claim reserves as at 
31st December, 1976 for each cohort and risk group. These published reserves 
may include implicit or explicit margins, the extent of which has not been made 
available. 
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Table 11 (see page 16) summarises the published outstanding claims reserves, 
as reported via Schedule 3 of the Department of Trade Annual Returns for 1970 to 
1976. This table can be used to measure (historically) any implicit or explicit 
margins in the reserves. 

Table 12 (see page 17) indicates the release of surplus during 1976 on 
the outstanding claim reserves as at 31st December, 1975 in respect of each 
cohort and risk group. It would appear (with hindsight) that the office adopted a 
strong valuation basis for outstanding claims. 

Table 13 (see page 18) indicates the movement between outstanding claim 
reserves at 31st December, 1975 and 3lst December, 1976. This table provides 
an alternative presentation of the results summarised via Table 12. 

Table 14 (see page 19) provides the format for a table on the projected 
emergence of outstanding claims as at 31st December, 1976. These projections 
are not available via the DOT Annual Returns, but may be available internally 
by some general insurance offices. The completion of such a table would enable 
consideration to be given to close monitoring of "actual against expected" and 
to discounted outstanding claim reserves, with their implications on the 
profitability of risk groups. 

Table 15 (see page 20) indicates the extent to which implicit or explicit 
margins were included in the outstanding claims reserves as at 31st December, 
1975. The information was taken from Table 12. It would appear that the revised 
estimates at 31st December, 1976 of the claims outstanding at 31st December, 1975 
were approximately 91% of the published outstanding claims reserves (at 3lst 
December, 1975). This indicates an apparent 100% overstatement (historically) in 
the outstanding claims reserves. Of course, the historical evidence may be 
totally inappropriate for forward projections. 

Table 16 (see page 21) indicates the extent to which implicit or explicit 
margins have (historically) been included in the outstanding claims reserves. 
The information was taken from Tables 1 and 11. Table 16 is similar to Table 15 
but considers all the historical evidence for all risk groups combined. It would 
appear that valuation surpluses and deficits vary considerably from one year to the 
next. It is possible that these results may be affected by changes in the rate of 
inflation (anticipated or actual). Further investigations (requiring supplementary 
information) would be required to establish the underlying causes of the historical 
movements in outstanding claims reserves. 

Table 17 (see page 22) summarises the "best estimates", according to 
Table 15, of the underlying ultimate loss ratios for each risk group. The 
published estimates (including margins), as at 31.12.1976, have been summarised 
via Table 8. Table 17 is, of course, based on various assumptions regarding 
"best estimates" which may prove to be inappropriate. It would be better if 
supplementary information could be made available concerning the implicit or 
explicit margins in the valuation basis for outstanding claims. 

Table 18 (see page 23) indicates the extent of the apparent claims 
fluctuations, based on the "best estimates" of the 1970 to 1976 claims experience, 
according to Table 17. Table 9 provides similar calculations based on the published 
1970 to 1975 claims experience. On the assumption that the loss ratio for each 
risk group is Normally distributed, Table 18 indicates that 2 standard deviations 
about the mean represent approximately 25% of the premium income. If, on the 
other hand, one bases the calculations on the overall claims experience for all 
risk groups, and assumes that the overall loss ratio is Normally distributed, 
then 2 standard deviations represent only 11% of the premium income. These 
fluctuations are higher than for Table 9, which may be partly caused by the 
fact that the Householders (Property) risk group had an abnormally high loss 
ratio for 1976 incurred claims. 
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5. - Data 

The data used for this paper was actually taken from the published DOT 
Annual Returns of various major general insurance offices. For reasons of 
confidentiality, their results were aggregated and then divided by constants. 

It could be argued that the above approach has led to less statistical 
random variation than would normally be expected from one particular office. On 
the other hand, the aggregation of results must have introduced an element of 
heterogeneity. 

It could have been argued that the interesting results from Tables 9 and 
18 may possibly have been caused by distortions resulting from the aggregation 
of the results of various offices. This hypothesis is considered, however, to be 
unlikely. Separate investigations were carried out to produce Tables 9 and 18 
for the constituent offices. It was found that similar results were generally 
obtainable for each office independently, the absolute levels varying between 
offices. 

G-CO 
20th June, 1978 
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payments. 

1976 

1976 

TABLE 5 

Cumulative Emerging Claim Payment Distributions 

Cohort Period 
Delay Delay Delay Delay Delay Delay Delay 

0 1 2 3 4 5 6 
years years years years years years years 

Private Cars ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

1970 49.2 76.8 86.5 92.1 95.7 97.5 98.6 100 
1971 
1972 

47.3 
45.5 

72.5 81.9 88.1 91.7 95.3 100 
70.9 79.7 88.3 92.4 

1973 43.5 71.0 80.6 87.5 100 
1974 45.0 72.5 80.7 100 
1975 45.6 69.9 100 
1976 42.8 100 

average 45.6 72.3 81.9 89.0 93.3 96.4 98.6 100 

latest diagonal 42.8 69.9 80.7 87.5 92.4 95.3 98.6 100 

Householders 
(Property) 

1970 73.1 98.6 99.5 99.5 99.5 99.5 99.5 100 
1971 68.3 97.6 98.9 99.2 99.8 99.9 100 
1972 66.6 94.8 97.4 98.2 98.7 100 
1973 58.1 91.3 96.9 98.0 100 
1974 62.1 92.5 95.2 100 
1975 55.7 85.1 100 
1976 51.1 100 

average 62.1 93.3 97.6 98.7 99.3 99.7 99.7 

latest diagonal 51.1 85.1 95.2 98.0 98.7 99.7 99.7 100 

General Liability 

1970 13.1 33.2 47.5 58.0 67.1 73.8 79.2 100 
1971 9.0 24.1 38.7 49.8 66.1 74.5 100 
1972 8.7 25.5 38.0 53.0 62.2 100 
1973 7.4 25.8 40.5 50.4 100 
1974 12.7 29.7 41.9 100 
1975 8.4 23.3 100 

5.7 100 

average 9.3 26.9 41.3 52.8 65.1 74.2 79.2 100 

latest diagonal 5.7 23.3 41.9 50.4 62.2 74.5 79.2 100 

Employers Liability 

1970 5.7 25.0 51.8 66.8 78.9 85.7 88.9 100 
1971 5.0 28.2 51.4 67.8 78.5 89.3 100 
1972 3.0 22.5 45.9 63.2 78.3 100 
1973 2.7 20.7 44.5 62.0 100 
1974 2.7 19.4 40.9 100 
1975 2.7 19.0 100 

2.3 100 

average 3.4 22.5 46.9 65.0 78.6 87.5 88.9 100 

latest diagonal 2.3 19.0 40.9 62.0 78.3 87.5 88.9 100 

Notes 

1. * denotes an adjusted value. These adjustments were necessary for 
(apparently) freak results. 

2. Similar tables could also be produced based on numbers of claims or on 
inflation adjusted claim 
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TABLE 7 

Private Cars - Pure Risk Premiums 

Cohort 
Exposure 

V e h i c l ePeriod 

Average Pure Claims 

Years 
Frequency Amount Risk 

Premium 

Including claims closed at no cost 

1970 231,078 .166 92 15.4 
1971 264,485 .152 106 16.1 
1972 275,299 .158 120 18.9 
1973 319,848 .157 138 21.7 
1974 322,518 .148 152 22.5 
1975 321,367 .142 191 27.2 
1976 294,236 .152 249 37.7 

Excluding claims closed at no cost 

1970 231,078 .129 119 15.4 
1971 264,485 .115 140 16.1 
1972 275,299 .118 161 18.9 
1973 319,848 .115 189 21.7 
1974 322,518 .109 207 22.5 
1975 321,367 .108 252 27.2 
1976 294,236 .l33 283 37.7 

Notes 

1. The claims frequencies were calculated as the ratio of the number 
of claims (see Table 6, columns 4 and 5) to the exposure (vehicle
years). 

2. 1976 claims frequency (excluding claims closed at no cost) will
probably decrease in future years as a result of some outstanding 
claims being closed at no cost. The corresponding1976 average 
claim amount will consequently increase; the1976 pure risk premium 
remaining unchanged, other things being equal. 
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TABLE 8 

Estimated ultimate loss ratios 

Cohort Period 

1970 

1971 

1972 
1973 

1974 

1975 

1976 

Private Householders General Employers All Risk 
cars (Property) Liability Liability Groups 

% % % % % 

79.7 31.2 70.0 83.5 62.2 

70.2 28.0 72.0 71.3 57.4 

65.6 31.6 63.7 80.2 57.l 
63.8 34.4 76.1 98.1 61.7 

60.6 41.3 94.0 84.8 64.5 

64.1 47.8 68.3 81.5 62.3 

67.7 87.1 76.5 82.2 77.l 

Notes 

1. The 
corresponding earned premiums. Both the cohort period and the claims 
incurred refer to the "year of accident" (i.e. Year of Origin, per 
DOT Annual Returns). 

2. The ultimate loss ratio for "all risk groups" was calculated as the 
ratio of the claims incurred for "all risk groups" to the corresponding 
earned premiums for "all risk groups". 

3. The information for the above table was taken from Table4. It represents 
the published estimates as at31.12.1976 of the ultimate loss ratios.
These ratios may include implicit or explicit margins in the outstanding 
claims estimates. 
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TABLE 9 

Claims fluctuations - based on 1970 to 1975 published experience 

Risk Group 

standard weighted 
Mean deviation variance 1976 variance 
loss of loss of loss earned of loss 
ratio ratios ratios premiums ratios 

moo 

Private Cars .673 .068 .0046 16,399 76 

Householders (Property) .357 .074 .0055 13,395 74 

General Liability .740 .106 .0113 9,595 108 

Employers Liability .832 .087 .0076 4,984 38 

All risk groups .609 .030 .00088 44,373 39 

Sum of 4 risk groups .609 .082 .00667 44,373 296 

Notes 

1. The above table attempts to provide a crude measure of the 
underlying claims fluctuations. It is based on the published 
estimates (as at 31.12.1976) of the ultimate loss ratios for 
1970 to 1975 incurred claims. The estimated ultimate loss ratios 
for 1976 incurred claims were excluded, on the grounds that the 
outstanding claims estimates appear (on historical evidence, which 
may be invalid) to contain substantial implicit or explicit margins. 

2. 

3. 

4. 

The information for the above table was taken from Table 8. The 
"all risk groups" row was based on the final column of Table 8. 
The "sum of 4 risk groups" row was based on the sum of the 
weighted variances of the loss ratios, the weights having 
been chosen as the 1976 earned premiums. Essentially, the 
"all risk groups" row assumes that the ultimate loss ratios for 
"all risk groups" are Normally distributed, whereas the "sum of 
4 risk groups" assumes a Normal distribution for each risk group 
independently. 

It would appear that 2 standard deviations represent 6% of the 
premium income for "all risk groups" and 16½% of the premium 
income for the "sum of 4 risk groups". It would appear that the 
historical combination of risk groups has tended to reduce the 
overall claims fluctuations per unit of premium income. 

The "weighted variances of loss ratios" is the product of the 
"variance of loss ratios" and the "1976 earned premiums". The 
weights (i.e. the 1976 earned premiums) are somewhat arbitrary, 
but do reflect the latest risk group mix. 
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TABLE 10 

Outstanding Claims Reserves as at 3lst December, 1976 

Cohort Period 

1970 
1971 

1972 
1973 
1974 
1975 
1976 

Private Householders General Employers All Risk 
cars (Property) Liability Liability Groups 

£000's £000's £000's £000's £000's 

50 7 319 193 569 
200 2 506 172 880 

394 25 880 457 1,756 

865 51 1,786 1,188 3,890 

1,403 178 3,298 1,914 6,793 

2,636 770 4,128 2,959 10,493 
6,352 5,704 6,924 4,002 22,982 

All Cohorts 11,900 6,737 17,841 10,885 47,363 

Notes 

1. The above table is based on the 1976 DOT Annual Returns, Schedule 3. 

2. The outstanding claims reserves include IBNR claims. 

3. The above outstanding claims estimates probably include implicit or 
explicit margins. The historical evidence for this hypothesis can be 
seen from Tables 12, 13, 15 and 16. 
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TABLE 12 

Release of surplus on outstanding claims reserves as at 3l.l2.l975 

Outstanding claims reserves as at 31.12.1975 

Cohort Period 

Previous estimates 

(at 31.12.1975) 

Private Householders General Employers All Risk 
Cars (Property) Liability Liability Groups 

£000's £000's £000's £000's £000's 

1970 95 8 483 229 815 
1971 373 7 802 379 1,561 
1972 638 1,231 943 2,853 
1973 1,414 

41 
96 2,233 1,887 5,630 

1974 2,278 318 4,190 2,858 9,644 
1975 5,265 2,292 5,494 4,309 17,360 

1970 to 1975 10,063 2,762 14,433 l0,605 37,863 

Revised estimates 

(at 31.12.1976) 

1970 7 402 250 746 
1971 

87 
355 34 671 346 1,375 

1972 609 34 1,094 777 2,514 
1973 1,350 81 2,143 1,736 5,310 
1974 1,999 278 3,991 2,610 8,878 
1975 4,767 2,294 4,930 3,555 15,546 

1970 to 1975 9,167 2,697 13,231 9,274 34,369 

Release of surplus 

1970 8 1 81 -21 69 
1971 18 4 131 33 186 
1972 29 

64 
7 137 166 339 

1973 15 90 151 320 
1974 279 40 199 248 766 
1975 498 -2 564 754 1,814 

1970 to 1975 896 65 1,202 1,331 3,494 

Notes 

1. The "revised estimates (at 31.12.1976)" allow for the actual claim 
payments during 1976 and the latest estimates of outstanding 
claims at 31.12.1976. 

2. The "release of surplus" is calculated as "previous estimates" less 
"revised estimates". 

3. The outstanding claims reserves include IBNR claims. 
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TABLE 13 

Movement between outstanding claim reserves 
at 31.12.1975 and 31.12.1976 

Cohort Period 

Private Cars 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

all cohorts 

Householders (Property) 

1970 
1971 
l972 
1973 
1974 
1975 
1976 

all cohorts 

General Liability 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

all cohorts 

Employers Liability 

1970 
1971 
1972 
1973 
1974 
1975 
1976 

all cohorts 

Notes 

O/S claims O/S claims 
reserves at Payments reserves at 
31.12.1975 in 1976 31.12.1976 

£000's £000's £000's 

95 
373 

37 50 
155 200 

638 215 394 
1,414 485 865 
1,278 596 1,403 
5,265 2,131 2,636 
- 4,746 6,352 

10,063 8,365 11,900 

8 
7 

0 7 

41 
1 

96 
9 

2 
25 

30 51 
318 100 178 

2,292 1,524 770 
- 5,966 5,704 

2,762 7,630 6,737 

483 83 319 
802 165 506 

1,231 214 880 
2,233 357 1,786 
4,190 693 3,298 
5,494 802 4,128 
- 420 6,924 

14,433 2,734 17,841 

229 57 193 
379 174 172 
943 320 457 

1,887 548 1,188 
2,858 696 1,914 
4,309 596 2,959 

- 94 4,002 

10,605 2,485 10,885 

Increase in 
assumed total 

cost 

£000's 

-8 
-18 
-29 
-64 

-279 
-498 

0 

-896 
-- 

-1 
-4 
-7 

-15 
-40 
+2 
0 

-65 

-81 
-131 
-137 
-90 

-199 
-564 

0 

-1,202 

+21 
-33 

-166 
-151 
-248 
-754 

0 

-1,331 

1. O/S denotes outstanding. 
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TABLE 14 

Projected emergence of outstanding claims at 31st December, 1976 

Year of Payment Private Householders General Employers All Risk 
Cars (Property) Liability Liability Groups 

£000's £000's £000's £000's £000's 
1970 incurred claims 

1977 Quarter 1 
1977 Quarter 2 
1977 Quarter 3 

1977 or later 50 7 319 193 569 

1971 incurred claims 

1977 Quarter 1 
1977 Quarter 2 
1977 Quarter 3 

1977 or later 200 2 506 172 880 

1976 incurred claims 

1977 Quarter 1 
1977 Quarter 2 
1977 Quarter 3 

1977 or later 6,352 5,704 6,924 4,002 22,982 

All cohorts 

1977 Quarter 1 
1977 Quarter 2 
1977 Quarter 3 

1977 or later 

Notes 

11,900 6,737 17,841 10,885 47,363 

1. The projected emergence of claim payments to each cohort and risk group 
would be entered in the above table. These projections are not currently 
available to the author, but might in practice be available or capable of 
computation (on perhaps more than one valuation basis) to the general 
insurance actuary. 
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TABLE 15 

Outstanding claims reserves as at 31.12.1975 

Comparison of estimates at 3l.l2.l975 and 31.12.1976 

All 
Private Householders General Employers Risk 

Cohort Period Cars (Property) Liability Liability Groups 

actual 
expected 

outstanding claims 

1970 .92 (.88) .83 1.09 .92 

1971 .95 (.43) .84 .91 .88 

1972 .95 .83 .89 .82 .88 

1973 .95 .84 .96 .92 .94 

1974 .88 .87 .95 .91 .92 

1975 .91 1.00 .9O .83 .90 

1970 to 1975 .91 .98 .92 .87 .91 

Average (1970 to 1975) .93 .89 .90 .91 .91 

Notes 

1. 

2. 

The information for the above table was taken from Table 12. The 
above figures are the ratios of the "revised estimates (at 31.12.1976)" to 
the"previous estimates (at 31.12.1975)", according to Table 12. For 
the Householders risk group, the 1970 and 1971 ratios are unreliable, 
and have been excluded from the calculation of the average ratio. 

The above table provides an indication of the implicit or explicit 
margins included in the published outstanding claims reserves. It 
would appear that, during 1976, the "best estimate" of the outstanding 
claims would have been approximately .9l times the published estimate. 
In other words, the published outstanding claims reserves at 31st December, 
1975 appear to have included implicit or explicit margins of approximately 
10%. 
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TABLE 16 

Published outstanding claims reserves - all risk groups combined 

Comparison of estimates at end of years T and T + 1 

Published outstanding claim reserves as at 3lst December 
Cohort Period 

1970 1971 1972 1973 1974 1975 

actual 
expected 

O/S claims 

1970 1.15 1.07 1.03 .94 .99 .92 

1971 1.05 1.06 1.03 .89 .88 

1972 .99 1.00 .97 .88 

1973 1.00 .98 .94 

1974 1.00 .92 

1975 .9O 

1970 to 1975 1.15 1.06 1.01 1.00 .98 .91 

average (1970 to 1975) 1.15 1.06 1.03 .99 .97 .9l 

Notes 

1. 

2. 

3. 

The information for the above table was taken from Tables 11 and 15. 
The 1975 column is a copy of the final column of Table 15. 

The above figures are the ratios of the "revised estimates at the end 
of Year T + 1" to the "previous estimates at the end of Year T". In 
other words, they attempt to measure the release of surplus. 

The above table provides an indication of the implicit or explicit 
margins included in the published outstanding claims reserves. These 
margins seem to vary from one year to the next. They may be affected 
by extraneous factors, such as changes in the anticipated rate of 
inflation. 
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Table 17

"Best estimate" of ultimate loss ratios 

Private Householders General Employers All Risk 
Cohort Period Cars (Property) Liability Liability Groups 

% % % % % 

1970 79.6 31.2 68.7 82.6 61.8 

1971 70.0 28.0 70.3 70.6 56.9 

1972 65.2 31.6 61.6 78.6 56.3 

1973 63.1 34.4 72.7 94.8 60.4 

1974 59.6 41.1 89.1 80.3 62.5 

1975 62.4 47.2 63.5 75.6 59.8 

1976 64.2 83.3 70.0 75.0 72.4 

2. 

3. 

Notes 

1. The ultimate loss ratio is the ratio of the claims incurred to the 
corresponding earned premiums. The claims incurred in the above 
table are "best estimates", rather than "published estimates" (i.e. 
cautious estimates, historically). 

The information for the above table was taken from Tables 4, 8 and 
15. The .91 factor from Table 15 was used to convert the published 
outstanding claims estimates to "best estimates". The ultimate 
loss ratio for "all risk groups" was calculated as the ratio of 
the claims incurred for "all risk groups" to the corresponding 
earned premiums. 

The above estimates are not published via the DOT Annual Returns. 
They are based on the assumption, which may be inappropriate, that 
the published outstanding claims reserves at 31st December, 1976 
are l0% higher then the "best estimates". This assumption is somewhat 
arbitrary,and the corporate view of this assumption would be appreciated. 
Similar calculations could also be carried out on alternative assumptions 
regarding the strength of the valuation basis as at 31st December, 1976. 
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TABLE 18

Claims fluctuations - based on 1970 to 1976 "best estimates" of 
underlying claims experience 

Risk Group 

standard weighted 
Mean deviation variance 1976 variance 
loss of loss of loss earned of loss 
ratio ratios ratios premiums ratios 

£000 

Private Cars .663 .067 .0044 16,399 73 

Householders (Property) .424 .192 .0368 13,395 494 

General Liability .708 .090 .0080 9,595 77 

Employers Liability .796 .077 .0060 4,984 30 

All risk groups .614 .054 .0029 44,373 127 

Sum of 4 risk groups .614 .123 .0152 44,373 674 

Notes 

1. The information for the above table was taken from Table 17. Similar 
notes apply as for Table 9. 

2. It would appear that 2 standard deviations represent approximately 
11% of-the premium income for "all risk groups" and approximately 
25% of the premium income for the "sum of 4 risk groups". It would 
appear that the historical combination of risk groups has tended 
to reduce the overall claims fluctuations per unit of premium income. 

3. The "weighted variances of loss ratios" is the product of the 
"variance of loss ratios" and the "1976 earned premiums". The 
weights (i.e. the 1976 earned premiums) are somewhat arbitrary, 
but do reflect the latest risk group mix. 
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CONSISTENCY OF TECHNICAL RESERVES 

(1) A standard tool of the actuary has been to 

compare actual with expected and thus tO judge the model he 

has developed. Therefore once a model has been developed for 

establishing technical reserves e.g. for outstanding claims, 

it is important to monitor the original estimates as they 

progress into a stream of claims. Schedule 3 Part III of 

the D.o.T, Returns forms the starting point for a procedure 

that has been found useful. 

(2) However a matrix type layout is used, as this 

prominently displays features of the development e.g. whether 

a similar pattern is shown for different years of origin. 

This could be defined either as year of claim or alternatively 

as policy year of underwriting in which the claim arose, 

depending on whether one year accounting or three year

accounting had been adopted. 

(3) The basic method is to make a continuous 

comparison of the Technica1 Reserves in respect of outstanding 

claims (including claims incurred but not reported). 

A comparison between the "reserve" (i.e. estimated 
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outstanding claims) for each year of origin T at the calcu- 

lation date (in development year t, say) and the previous 

estimate less claims paid in the interim is made (assuming 

an annual update of the estimates). We define: 

actual claims paid in development year t for business 

attributable to year of origin T 

estimated "reserve" at end of development year t for 

year of origin T 

total premium for year of origin T as estimated 

at end of development year t. (On a short tail account 

e.g. motor, this estimate will be firm.) Where the 

year of origin has been defined as year of claim this 

will be the earned premium for that year. 

For each year of origin T: 

(i) is compared with (n = 1, 2, ...) 

(Normally of course n would be set = 1, but clearly 
other values can be interesting.) 

(ii) is compared with (n= 1, 2, . . 

(i.e. the Estimated Ultimate Loss Ratio at t is compared 
with Estimated ULR at t-n.) 

/contd. 
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(iii) is compared with (n = 1, 2,... 

(i.e. The Estimated Paid plus Outstanding at time t is 
compared with the same at t-n.) 

These comparisons are also made for all the years of origin 

common to each update combined, in order to assess how 

large a deviation there has been between the actual experience 

and the model estimates for a class of business as a whole. 

(4) The application of the method is best shown 

by sets of examples. The first compares results over 8 

underwriting years for some Marine Hull business between 

1972 and 1974 (i.e. n = 2). The Technical Reserves for 

Outstanding Claims have been estimated on two different 

methods, namely the Chain Ladder shown in Table 1A and the 

Chain Ladder (inflation adjusted) shown in Table 1B. The 

inflation index used is the U.K. Retail Price Index lagged 

by 1 year. Post 1974 inflation has been assumed at 20%. 

A comparison of columns (5) and (6) will show whether the 

reserving method has led to releases or strains on the business 

over the period. Further it is possible to check whether 

the effect is the same for all years of origin, It will be 

seen that the Chain Ladder method if it had been adopted 

would have resulted in an overall strain, but this is the 

net product of surpluses and strains on different years. The 

Chain Ladder (inflation adjusted) would have produced an

overall release over the period, to which each year of origin 

except 1968 contributed positively. Surpluses and strains 
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are perhaps seen even more clearly by comparing columns 

(3) and (4). It is likely that the Chain Ladder (inflation 

adjusted) contains a margin of caution, which is now, of 

course, required by the supervisory authority, as well as 

being desirable. In addition to the actual amounts and 

movements of reserves the latest estimates of ultimate loss 

ratios are indicated. Since in this example a three year 

accounting method has been adopted the reserve in the first 

two years includes an allowance for unexpired risks. 

(5) The method has then been applied to the Model 

Office described in the technical reserves report. For each 

pool of business comparisons are first made of the reserves 

shown in the D.o.T. Returns. However the purpose here 

is to show not so much the amount as the trend and consistency 

of surpluses and strains. The results are set out in Tables 

2A to 5A. It will be noted that there are substantial 

releases on all pools and these seem to arise consistently 

from year to year. 

A further step was to construct statistical estimates 

for the Model Office reserves as at the end of 1975 and 1976 

using the Separation Technique (except for Householders 

where a Chain Ladder has been constructed). The results are 

displayed in Tables 2B to 5B. For the Liability classes 

the total run off period has been assumed to be 10 years and 

additional points have first been extrapolated beyond the 

run off triangle. It has been assumed that at both end 1975 

and end 1976 it would be appropriate to take future inflation 
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at 15% p.a. 

It will be seen that in each case the statistical 

method has given very consistent results, columns (3) 

and (4) being virtually identical. However there is a tendency 

for there to be slight strains. The analysis would however 

suggest that the statistical techniques are closer to best 

estimates than the reserves actually set up, which contain 

margins. 

LAWRENCE M. EAGLES 

June 1978 























Statistical Approaches to the Estimation of Ultimate Claims 

1 Introduction 

Previous papers for the General Insurance working parties have generally 
looked at methods of analysis of classes that are sufficiently large for 
purely statistical variation to be small in comparison to the potential 
effects of variation in inflation. Frequently the calculations incorporate 
conservative assumptions which it is hoped will render the final estimates 
high enough to be sufficient in most cases. Frequently also, the calculations 
are in terms of paid or settled claims, since it is felt that these are 
amenable to a statistical approach, as opposed to the ‘subjective’ 
assessment of outstanding claims by the claims department. 

However , it is important to analyse small cohorts of business for underwriting 
and rating purposes, to obtain greater homogeneity of data, and to provide 
methods for companies with small portfolios. It is also important to 
distinguish between the underlying result of a cohort, as represented by its 
expected value, and the actual result which can be viewed as a sample with 
appropriate sample variation. The Institute paper presented by Dr. D.H. Reid 
has covered a great deal of the ground, and has provided suggestions for 
detailed solution of some aspects. 

2. Areas of Uncertainty 

In order to look at statistical variations, it is assumed that the data are 
standardised in respect of external factors - e.g. inflation, effects of 
legislation. We then wish to estimate the outcome of a defined cohort of 
business both as to the expected amount and number of claims, and as to the 
distribution of the expected values. A cohort may be defined as the claims 
reported in a period, or the claims on losses occurring in a period, or as 
the claims generated by business underwritten or incepting in a period. Dr. 
Reid’s paper has considered the first case, the second case is that most 
normally reported, and the third is required for underwriting information. 
Dr. Reid has also restricted his methods to cases with a moderate number 
of claims and to settlement or paid patterns only. It may be worth 
considering how the methods might be extended to give a more powerful analysis. 

3. Comments on Dr. Reid’s paper 

The following notes are suggestions for future work and regrettably are not 
backed up by demonstration of methods. 

1. Detailed analysis is made of a base year, and the patterns of later 
years are related to the pattern analysed for the base year. The 
method will therefore not be satisfactory with cohorts below a certain 
size. On the assumption that changes to delay patterns from year to 
year can be modelled by general rules, a more powerful analysis will 
result if the information from all cohorts is taken into account 
jointly. In practice this would mean that standard delay patterns 
would be a first assumption, until inspection of residuals had 
revealed whether there had been a significant speeding up in particular 
periods, or whether there was a significant shift in delay patterns over 
time. 

The smaller the sample, the less appropriate it would be to make a very 
detailed analysis of changes in operational time, changes due to 
inflation, or changes of the distribution of claims by size. It should 
be assumed that the main effects are general effects to all cohorts, 
not specific to each observation. 

Cont./.. 



2. Settled claims are considered in Dr. Reid’s discussion. However, 
the extra information relating to outstanding claims becomes 
more significant as the size of sample is reduced. Even for a 
large sample, the number of claims remaining unsettled rapidly 
diminishes so that the outcome of a class is frequently affected 
by a small number of relatively large claims. 

Hence the forecast distribution of paid claims should be 
conditional upon the knowledge of notified outstanding claims. 
The importance given to the information will depend on its 
reliability historically and on the confidence of control over 
current claims assessment procedures. However, even if the 
outstanding claims information for a class is of low reliability, 
knowledge of an unusual number of extreme claims must improve the 
quality of forecasting. 

3. The fitting of the joint distribution of delay and amount by 
polynomials and exponential terms is complex and appears somewhat 
arbitrary. It would seem reasonable to assume that delay is 
dependent on size (adjusted for inflation) although in some cases 
there may be an element of bargaining involved resulting in an 
interdependence. One would also expect the delay distributions to 
change in a regular fashion with alterations in size. An estimate 
of the distribution by claim size can be obtained by considering the 
marginal distribution. It would seem likely that simpler functions 
of delay would obtain as good a fit to the density function as the 
formulae adopted in Dr. Reid’s paper, and changes in the functions 
can then be more simply monitored. Evidence that estimates of the 
moments of the distribution are biased can be investigated and 
corrected where the sample is large enough. It should be noted that 
we probably cannot expect, with the coarseness of time intervals 
and the general lack of homogeneity, to obtain a statistically 
acceptable level of fit — as is demonstrated in Dr. Reid’s 
examples with the many termed expressions which are required there. 

4. The variance of estimates which is calculated is conditional upon 
the assumed base cohort distribution, which is obviously subject 
to more or less error. It is important to measure this source of 
variance. 

In summary, it is suggested that a simpler approach to the model 
required and the assessment of outstanding claims estimates may make 
the model more powerful for assessing smaller cohorts. 

4. Extensions to unreported claims 

The discussion by Dr. Reid did not consider in detail the estimation 
of IBNR or of unexpired risk reserve. However, delay in reporting 
claims is frequently a large problem, and where it is important to 
provide underwriting information, an estimate also of the outcome 
of business underwritten is required. 

Since the delay in settling claims seems to be dependent on the delay 
to notification of the claim it would seem sensible to estimate the 
compound distribution of delay to advice and delay to settlement. Dr. 
Reid’s paper then provides a framework if the number of claims unsettled 
is taken as an estimate, not as a fixed value. Further work needs to 
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be done on the accuracy of estimates of unnotified claims based on those 
motified to date. 

Given a framework of estimated delays following the date of loss, it would 
seem sensible to apply this to the unexpired portion of the risk underwritten. 
However, this is not satisfactory if the nature of claim is dependent on the 
age of the policy - e.g. contractors' all risk policies - and in this case 
it may be necessary to inspect the delay patterns for deviations from the 
expected pattern. 

Restrictions to the data. 

Even where information regarding numbers and amounts of claims is available 
in sufficient detail, the data may be affected by changes to procedures in 
defining individual claims, or by the fact that more than one claim may relate 
to one loss, or by changes in policy terms. It may then be very difficult 
to carry out a satisfactory analysis by numbers and size of claim, so that 
analysis would have to be made of the total amount of claims movement in each 
period. 

It is then important to develop methods of assessing the uniformity of the 
development patterns of total amounts of claims, and hence to assess the 
variance of estimates based on the amounts known to date. To this end we 
should develop methods of estimating the variance of estimates at each 
period of delay of the eventual development of amounts given an underlying 
development distribution, and also methods of estimating the variance of 
estimates of that delay distribution. Unfortunately these two problems are 
not independent. 

It is clear that a method employing information concerning numbers and amounts 
of claims separately is better placed both to discount for the exceptional 
occurrence of larger claims, and to reserve for such occurrences in the future. 
The analyst is then in a position to say whether the actual profitability 
of a cohort differs from the underlying profitability indicated by analysis. 

C. J. Mellor
June 1978 



RATE MAKING/CLAIMS RESERVING WITH LIMITED DATA – J P RYAN 

This paper discusses reserving when data available is extremely 
limited. Reserves of this nature will normally be required for
ratemaking purposes and the paper is written in that context.
order to make the paper more complete certain ratemaking aspects 

are also discussed. There is an unfortunate tendency in U.K. 
Literature to only regard outstanding claims reserving in a year 
end balance sheet context. However unlike life assurance, claims

reserves are required for ratemaking purposes.Indeed the financial 
consequences to the company of severe inadequacy in outstanding 
claims reserves: used for ratemaking purposes are Likely exeptfor 
some long tail lines much greater than when used for balance sheet 
purposes. 

This paper makes a few general observations and incorporates a 
practical approach.Throughout, it is assumed that the data 
immediately available is extremely scanty and of very low credibility. 

Obviously existing data should be used in so far as it is credible. 
Other approaches are possible and in such a situation judgement 
is very important.e is unlikely to be a right answer

although there may be a best answer. 

The first question to consider is whether there is likely to bei s  l i k e l y  t o b e

any suitable data; examples of where there are not; are the 
possibility of finding the Loch Ness monster or some nuclear 

coverages.Also it may be Sensible not to use a statistical 
approach to the problem but to use a technological approach, e.g. 
detailed fire schedule rating.While the broader classifications 
can clearly be checked by statistical methods, the more detailed led 
refinements are dependent largely upon fire surveyors' technological 

expertise. 

One solution to lack of data is to get more data. The problem 

here is likely to increase the heterogeneity of the data a
under consideration. Grouping, by classes of risk ortime periods

could we increase the credibility of the of the data. e.expanding
geographical rating areas for motor insurance or combining solicitor's

professional indemnity with Doctor's professional indemnity. 

Cant/. . . 
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Grouping of data over different time periods may well involve 

the use of trending factors and in any event will require consid - 
able judgement, if any change in experience is suspected. However, 

in almost all lines of business in which the Casualty Actuary 
is involved, he suffers from this conflict between homogeneity of 
data and its credibility and choice of classifications requires 

much judgement. Even where the Actuary is not involved and the 

underwriter or case estimator makes all the decisions based on 
personal experience, it is important to realise that he, 
subjectively, is applying similar techniques to those that the 
Casualty Actuary is applying more objectively. Claims experience 

may be credible for the smaller claims but not for the larger 

claims. i.e. in liability classes there are generally a few 

very large claims as well as many more 'normal' claims. 

Thus it is possible that the experience may give perfectly adequate 

information about the 'normal claims' but adjustment has to be made 

using other methods or data to allow for the larger claims. In 

this type of business it is appropriate to allocate claim costs 

and numbers to different layers in exactly the same way as if 
the business had been reinsured on an excess of loss basis. It 

is then appropriate to assign different credibilities to the 
different layers based on the number of claims in each layer. 

The following example shows an approach to the problem based on some 
long tail liability data and illustrates some of the techniques that 
can be used in such circumstances. At a number of stages, judge- 
ment is required and different circumstances will require different 
solutions and it is difficult to define a 'right' approach. In 

many cases there may be the possibility of obtaining more data, even 
of a limited extent and this should be considered. It should also 
be emphasised that this is a technique that has been applied in 

practice. It is not the only approach. 



-3- 

Claims experience for four policy Years was available. Throughout 

the example the numbers are based on a practical example though in 
order to preserve anonymity it has been felt advisable to alter 
the numbers slightly. Because this particular liability line 
suffers from a number of Very large claims, claims experience 

has been amended so that all claims either actual or estimated are 

limited to a basic level. This could be of the order of £5,000 
but would obviously depend on the Actuary's judgement. Thus where 
there is a claim of more than £5,000 it is valued at £5,000, where 
it is less than £5,000, it is taken at the face value of the estimate. 

Premium rates are calculated at current rates and adjusted to the 

limitation of loss experience, i.e. - cover is assumed to be limited 
t o £ 5 , 0 0 0 . I f s u c h a p r e m i u m i n o t  readily available this can be 
done by taking the premium rate for full cover and then ratioing down 
by way of a basic limits factor. This can be calculated in exactly 

the same way as the basic limits factor to gross up the basic limits 
claims described below. 

If a particular company's experience is very sparse it may be 
appropriate to calculate the premiums using the rates of another 
company which is likely to have much more meaningful data. 

In this particular case incurred losses as of 31.3.77 are available 
on the case basis normally used by the company. Because this is 
long tail business it is essential to develop these to ultimate. 

If, as is possible, development factors are not available for the 
data concerned, it is necessary to use development factors derived 
from broader based data and amend judgementally for the case in 

point. Furthermore, as the data is inadequate we would not wish 
to apply the development factors to the claims estimates because 
small variations in the incurred case estimates will have a 
disproportionate effect on IBNR reserves. For this example, 
it is appropriate to consider IBNR claims reserves to include 
development on existing reported claims. The IBNR factor is

obtained from the claim development factor and then applied to 
the premium al present rates on the basis of an expected loss ratio. 

cont/...
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Thus, the IBNR reserve is equal to (1 - l/ development factor)x
expected loss ratio.See Appendix 1 for the algebra. We now
have figures for incurred losses at basic limits as well as 
estimated IBNR claims, For people interested in more detail of 
this approach to estimatingIBNR claims, see Proceedings of the 
Casualty ActuarialSociety, No IX 1972 - "The Actuary and IBNR" by
R L Bornhuetterand R E Ferguson. If the company had IBNR factors 
based on its own data albeitof low credibility, it would be 
appropriate to use a credibility weighted factor. The complement 
of the credibilitywould be applied to the IBNR factor calculated 
above.

The claims finally have to be trended to the appropriate level to 
allow for inflation and increases in frequency etc. The loss ratios 
for each of the four policy years are then calculated. The results
are shown in the table below:

Incurred 
Losses at 

Premium at Basic Limits 
Basic Limits trendeedto

Policy &at current Current 
Year Rate levels Levels 

72 — 73 3.03 1.81 
73 — 74 3.68 . 0.75 
7 4 — 75 4 .5 1 1 -29 
75 — 76 5 .6 1 0.61 

T o t a l
Estimated Basic

IBNR IBNR Limits
Factor (1) x (3) Incurred 

.07 0 .2 1 2.02 

. 20 0.73 1.49 

. 4 4 1 .98 3.28 

. 69 3.87 4.48 

Loss 
Ratio 

.668 

.406 

.727 
.799 

Mean (Actual) Loss Ratio =650

The mean loss ratio then calculated although different weights
could be applied to each years experience if required. In particular
greater weight may be given to the latest 2 years especially if 
if is thought that 73 - 74 experience is untypical. 
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= 

It is now necessary to decide upon the credibility of the experience.
This will be based on the number of claims in period
concerned and will obviously vary considerably by line. by line. It is not 
the purpose of this paper to elaborate further on the application 
of credibility theory Having established the credibility of the
data the appropriate level can now be determined on the

Credit X c r e d i b i l i t y

The revised loss ratio is then converted into the appropriate
P r e m i u m r a t e c o m p a n y ' s a n t i c t e d e x p e n s e

experience 

We now need to re-convert the basic limits premium into a premium 
providing full coverage.If sufficient data is available in respect of
distributionsof claims sizes, this is simply a matter of examining 
the data in the obvious way. However, it is quite possible that this 
information will not be available, which case it is necessary to 
assume a statisticaltribution. Obvious choices for the
distributionof claims size would be a log normal or pareto. Again 
judgement is involved. 

Claim frequency and average size matter of judgement though
obviously considerable attention will be paid t0 the Unlimited 
c l a i m s e r i e n c e . o v o i d a b s u r d l y g h s
appropriate to limit Some of the very large claims. The claims 
experience is then simulated in order to give an indication ofe 
distribution of amount of claim. 

From the simulation it is possible to obtain the ratio of the 
expected cost of total claims to that of limited claims: 

i.e. - Simulated claims / Simulated claims 1imited to £5000 
No of simulations No of simulations 

Simlated claims 
Simulated claims limited to £5000 

basis of the formula:

= Expected Loss Ratio - Mean Loss Ratio
Expected Loss Ratio
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This ratio may be of the order of 2 or 3. The final premium is the 
basic limits premium multiplied by this factor. It is implicitly 
assumed that expense loadings as a percentage of the gross premium 
are constant. If this assumption is inappropriate it is straight- 
forward to incorporate an adjustment factor to the final premium, 

A gross premium has been found in this way. Obviously if some 
form of excess of loss reinsurance protection is taken out, the 
simulation programe will be adapted to adjust for the reinsurance 
coverage and the reinsurance premium added to the premium derived 
from the simulation programe. In any event a contingency loading 
would be added to the premium. 

If claims reserves are required for this part of the business, then 
the incurred basic limits factor is applied to the *incurred losses, 
and claims already paid are deducted. If a contingency margin is 
required this can be obtained from the simulation programe at the 
appropriate probability level in the usual way.



APPENDIX I - Elaboration of IBNR formula 

It is assumed that appropriate development factors are available 
to develop reported reserves to ultimate. 

Then if an expected loss ratio must be determined based on premiums 
at present limits.This is obviously subjective but should produce
much more stable resultshere data is scanty. e.g. - consider the
reserve for policy year 73 - 74 if an IBNR factor used on reported
losses is considered. However it must also be recognised that
there is a certain arbitraryness about any assumption. It is also
possible to see how sensitive the analysis is to variations in 
this assumption; 

Total incurred reserves= Premiums at present rates +
expected loss ratio

As our definition of IBNR includes all development on reported claims. 

Reported x (development factor - 1) = IBNR reserve 

IBNR 1 + 1 3 = Premiums x expected
develop factor - 1 loss ratio 

IBNR = Premiums x expected loss ratio (1-- t 1 
Devlpment factu 

'We thus have an expression for IBNR which is independent of reported 
losses. 

1
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ESTIMATION OF OUTSTANDING CLAIMS FROM RUNOFF DATA 

by Henry Karsten 

Introduction: A new method is given for handling runoff triangles 
and generating estimates of outstanding claims. The method is
based on credibility ideas and is subjective in nature. Three
examples are worked out numerically and the results are 
compared with estimates from the chain Ladder method adjusted
for inflation (1), the Bennett-Taylor method (2), the 
G. Taylor method (1)(3), and the full credibility method (given 
in this paper). 

Data: The following is an example of the kind of data for 
which it is required to generate outstanding claims. This 
example and a further two data sets are given in Tables 1,2,3. 
Let Cij=Claims paid in respect of business for period i (i 0) 
during development period j (j 0), i.e. claims paid during
period (i+j), adjusted by an index to bring to constant 
purchasing power terms, seasonally adjusted, divided by a
measure of exposed-to-risk. It is part of an aviation 
runoff conducted in sterling. 

Period of development j

0 1 2 3 4 5 6 7 

0 31.81 3.82 2.66 2.65 
1 29.64 4.21 0.17 0.91 

Year 2 18.03 4.01 5.42 2.50 
of 3 

4 
44.41 6.13 5.77 18.42 

ori 30.39 4.99 l.97 3.96 
gin 5 51.60 15.63 15.83 0.54 
i 6 36.76 3.78 5.60 9.01 

7 49.57 2.65 14.96 3.65 

2.04 
2.63 
9.07 
2.80 
0.40 
1.84 
1.93 
1.06 

0.87 
0.35 
0.50 
1.12 
2.55 
0.34 
3.09 
2.78 

There has been some discussion of the problems
involved in using data in the above from for forecasting 
outstanding claims (See (1), (2)). A major problem is that 
often there is no available measure of exposed-to-risk 
other than the premium, and this is inconvenient because 
the relationship of premiums to exposed- to -risk 
fluctuates over time. Another major problem is the 
adjustment for inflation which involves a) choosing a price 
index suitable for the class of business, b) considering
claim payment, c) predicting future values of the price 
index. other problems concern conutilisation of information 
such as case estimates, knowledge of portfolio changes and 
changes in company's rating practise. 

—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—

—

whether ther is inflation between claim incident and
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Despite these problems it is advisable to form estimates
from runoff triangles since they are in practise often fairly
good and frequently provide the best estimates, sometimes the
only estimates. 

Some suggestions for handling runoff data are discussed
in (1 ) although they do not give the following method.

Procedure: Choose a period for which sufficient infomation is 
available to have a good idea of the runoff pattern. Suppose 
this is the first m years of origin If necessary for 
the later years of origin in the period[0,m-]] tail 
averaging may be used. Then use averagin to obtain a
standard table, i.e. use the formula The set 
{rj} then, constitute the standerd table. Suppose that
the length of the runoff is k periods. The runoff triangle
which is input data is then For any 
year of origin i we may define a measure of the amount of
information concerning that year of origin i. Such a
measureis     sa. Zimaybecalled
the          credibility oftheexperience
so far concerning year of origin i. 

For predicting future Claims, if the experience so far 
were to have full credibility then a reasonable estimate of
outstanding claims would be This 
is called herethe                                full 
credibility" method. I have not seen it previously published
but no merits or advantages are claimed for it. On the other 
hand if the experience so far has zero credibility then a 
reasonable estimate of outstanding claims would be 
The credibility‘ formula for estimating 
outstanding claim would be 

which 

simplifies to This is the

formula put forward in this paper for 
estimating outstanding claims. 
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Example: The input data will be the upper left triangle of the
above data, i.e.

Period of development j

0 1 2 3 4 5 6
0 31.81 3.82 2.66 2.65 2.04 0.87 -
1 29.64 4.21 0.17 0.91 2.63 0.35 -

7

ear 2 18.03 4.01 5.42 2.50 9.07 0.50
of 3 44.41 6.13 5.77 18.42 2.80

ri- 4 30.39 4.99 1.97 3.96
in 5 51.60
i 6

7
36.76

15.63 15.88
3.78

49.57

This data is characterised as where k=7.

On inspec tion of the data it is reasonable to use the
first three years of origin for obtaining a standard table.
So m=3.  The standard table rj and are obtained:

j 0 1 2 3 4 5

26.49 4.01 2.75 2.02 4.58 0.57

40.42 13.93 9.92 7.17 5.15 0.57

The rj above were derived by the formula rj= for 

The estimates for outstanding claims are then derive5
(1) (2) (3) (4) (5)

Year of HK's Full
origin estimate credibility

i of o/s methodPaid so
far claims

3 77,53 0.57 1.10 1.11
4 41.31 5.15 5.92 7.09
5 83.11 7.17 16,O1 17.92
6 40.54 9.92 12.38 13.19
7 49.57 13.93 21.88 26.07

Note columns (4) and (3) above are derived by the formulae
(4)=((2) (3))(3)

(5)=(2)(3)
This is the end of the procedure.  However it is of

are the above estimates with the truth
and also with estimates of outstanding claims produced by
different methods. This comparison is in
Tables 1,2 and 3 where the results are shown for five
different methods of estimation as applied to
real date sets obtained from U... insurers.
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Discussion of procedure: For manual calculations the time taken for 
the procedure suggested by this paper is less than for the chain ladder 
method and variations thereon as one does not calculate cumulative claims. 
A period of m years is chosen to establish the standard table of rj. 
is probably unwise to apply the procedure suggested in the paper to j rj 

It 

calculated from the whole runoff triangle since it would invalidate the
idea of proportionin g up claims paid so far. The idea of a credibility 
factor has a theoretical underpinning in that it is a weighted average 
whose weights are ideally of the order of the reciprocal of the 
variances:such weighted averages have the property of producing 
minimum variance estimators of the underlying means provided the original 
estimators were independent and unbiased. 

Conclusion: The procedure suggested in this paper for estimating 
outstanding claims from a runoff triangle will be useful for some 
data pools. Further experimentation of this method on various 
classes of business is required to determine its value. 

References:(1) 'I'. Clarke, M.C. Bennett, S.M. Coutts, B.D. Hudson, 
H. Karsten, C.T. Mellor, G.C. Orros, W. Rowlandson, A.C. Stalker, 
Technical Reserves, GISG Conference York 1976 deposited in library 
of the Institute of Actuaries

(2) M.C. Bennett and J.M. Taylor Motor outstanding 
claims, GISG Conference Hythe Kent 1977. 

(3) G.C Taylor Separation of inflation and other 
effects from the distribution of nonlife insurance claim claim delays,
ASTIN 1977 Vol. IX, Parts 1 and 2.
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Table 1(a)
The data set below is taken from the aviation runoff

for a large insurance company.  It is a matrix of of Cijwhere Cij=Claims paid during development year j in
respect of claims incurred during year of origin i,
divided by earned premiums times a constant.

Year of development j

i=
0
1
2

Year 3
of 4

5 6 7

0.87 - -0.35 - -0.50 - -1.12 - -2.55 - -
0.34 - -
3.09 - -
2.78 - -

origin 5
i 6

7

j=0 1 2 3
31.81
29.64 4.21 0.17 0.91
18.03

3.82

4.01

2.66 2.65

5.42 2.50
44.41 6.13 5.77 18.42
30.39 4.99 1.97 3.96
51.60 15.63 15.88 0.54
36.76 3.78 5.60 9.01
49.57 2.65 14.96 3.65

4

2.04
2.63
9.07
2.80
0.40
1.84
1.93
1.06

The input data to the procedure is the upper left hand
triangle of the above data, i.e.

Year of development j

i= j= 0 1 2 3 4
0 31.81 3.82 2.66 2.65 2.04
1 29.64 4.21 0.17 0.91 2.63
2 18.03 4.01 5.42 2.50 9.07

Year 3 44.41 6.13 5.77 18.42 2.80
of 4 30.39 4.99 1.97 3.96

origin 51.60 15.63 15.88
i

5
6
7

36.76 3.78
49.57

5 6 7
0.87  -  -
0.35 -
0.50

The results and comparisons for this data set are
given in Table 1(b). (for the procedure suggested in this
paper m=? was used.)
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(A-E) 

(A-E) 

-5.77 -1.66 15.72 -12.80 -25.20 

26.75 17.22 21.30 25.70 52.16 

3 .02 .55 .57 .01 .01 
4 -2.97 -1.76 .20 -3.08 -1.48 
5 -13.29 -7.68 -2.79 -15.20 -19.73 
6 7.25 3.92 8.61 6.44 1.97 
7 3.22 3.31 9.13 -.97 -8.97 

Year HK'S B-T G.T Full Chain 
of Cred Ladder 

origin A-E A-E A-E A-E A-E 

ii) Comparisons of actual with expected 

o/s 
3 1.12 1.10 .57 .55 1.11 
4 2.95 5.92 4.7l- 2.75 6.03 
5 2.72: 16.01 10.40 5.51 17.92 
6 19.63 12.38 15.71 11.02 13.19 
7 25.1'3 21.83 21.79 15.97 26.C7 

Year The HK's B-T G.T Full 
of truth Cred 

origin actual 

1.11 
4. 43 

22.45 
17.66 
34.07 

Chain 
Ladder 

i) Outstanding claims: 

Page 6 of 10 

Table 1(b) 

The results below refer to the data set given in 
Table 1(a). 
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Table 2(a) 

HK 30.6.78 

The data set below is a weighted average of householders (property) 
runoffs for three major general insurance offices. It is a matrix 
of Cij where Cij = Claims paid during development year j in respect 
of claims incurred during year of origin i, divided by earned premiums 
times a constant. 

Year of development j 

i= j=0 1 2 3 

0 22.8 8.0 0.3 

Year of 1 19.1 8.2 0.4 0.1 
origin i 

2 21.1 8.9 0.8 0.3 

3 20.0 11.4 1.9 0.4 

The input data to the procedure is the upper left hand triangle of 
the above data, i.e. 

Year of development j 

i= j=0 1 2 3 

0 22.8 8.0 0.3 

Year of 1 19.1 8.2 0.4 
origin i 

2 21.1 8.9 

3 20.0 

The results and comparisons for this data set are given in Table 2(b). 
(For the procedure suggested in this paper m = 3 was used.) 

—

—
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Table 2(b) 

HK30.6.78. 

The results below refer to the data set given in Table 2(a). 

i) Outstanding claims: 

Year of The truth HK's B-T G.T 
origin actual 

o/s 

1 
2 
3 

.1 
1.1 

13.7 

0 0 0 
0.3 0.3 0.3 
8.4 8.4 8.90 

ii) Comparisons of actual with expected 

Year of 
origin 

1 
2 
3 

0.8 
4.8 

HK's B-T G.T 

A-E A-E A-E 

.l .l .l 
0.8 0.8 
5.3 5.3 

(A-E) 6.2 6.2 5.7 6.3 
(A-E) 6.2 6.2 5.7 6.3 

Full Chain 
Cred Ladder 

0.3 
8.3 

0 
0.3 
8.0 

Full Chain 
Cred Ladder 

A-E A-E 

.l 
0.8 
5.4 

.1 

0.8 
5.7 

6.6 

6.6 
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6 

Table 3(a) 

The data set below is taken from the motor runoff for 
a medium sized insurance company. It is a matrix of C.. 
where C . . =Claims paid during development year j in respect 
of claims incurred during year of origin i, adjusted to 
constant purchasing power and divided by the number of 
claims. 

Year 
Of 

origin 5 

j= 0

53.97 
53.29 
49.13 
48.61 

i=\ 

0 
1 
2 
3 
4 48.65 

47.90 
49.86 

The input data to the procedure is the upper left hand 
triangle of the above data, i.e. 

i=\ 

0 
1 
2 

Year 3 
of 4 

origin 5 
6 

21.52 
21.05 
19.87 
21.59 
21.34 
22.25 
21.58 

Year of development j 
2 3 4 5 6 1 

7.75 4.30 2.57 1.01 
7 . 7 5 5 . 3 0 2 . 9 5 1 . 4 5
6.32 4.91 2.75 1.16 
7.45 5.42 2.21 1.16 
7.47 3.38 3.19 1.64 
6.93 4.05 2.36 2.17 
6.04 5.22 2.45 1.56 

j = 0

48.61 
48.65 
47.90 
49.86 

Year of development j 

1 2 3 4 5 

21.52 7.75 4.30 2.57 1.01 
21.05 7.75 5.30 2.95 1.45 
19.87 6.32 4.91 2.75 
21.59 7.45 5.42 
21.34 7.47 
22.25 

6 

53.97 
53.29 
49.13 

The results and comparisons for this data set are
given in Table 3(b). (For the procedure suggested by this
paper m=3 was used.)

—
—
—
—
—
—
—

—
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The results below refer to the data set given in
Table 3(a) 

i) Outstanding claims: 

Year The 
of truth HK's B-T G.T Full Chain 
rigin actual Cred ladder 

o/s 
2 1.16 0.88 
3 3.37 

1.16 
3.90 

1.23 
3.99 3.51 

1.16 
3.99 

1.13 
3.86 

4 8.21 8.56 8.97 7.89 8.53 8.68 
5 15.51 15.60 16.32 15.78 
6 36.85 

15.48 15.84 
35.97 37.59 36.83 35.30 '37.12 

ii) Comparisons of actual with expected

Year 
of HK's B-T G.T Full Chain 
rigin Cred 

A-E 
ladder 

A-E 
2 

A-E A-E A-E 
0 .03 .28 0 .03 

3 -.53 -.62 - . 1 4 - . 6 2 - . 4 9
4 -.35 -.76 .32 -.32 -.47 
5 -.09 -.81 -.27 .03 -.33 
6 -.74 .02 .88 1.55 -.27 

(A-E) -.09 -2.90 .21 .64 -1.53 

1 . 8 5 2 . 9 6 1.03 2.52 1.59 (A-E) 

HL 30.6.78Page 10 of 10
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