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DEFINITIONS

An insurer’s outstanding claim liabilities at a given date are the amounts
which it is liable to pay, after that date, for claims which arose on or
before that date.

An outstanding claim provision or claims reserve or loss reserve or just
reserve is an amount set aside in the insurer’s accounts, to provide for
outstanding claim liabilities.

A long tail class of business is one where the insurer’s liability does not
cease at the expiry of the risk period, as there are delays in reporting and

subsequent settlements of claims.

Loss reserving is the term used to denote the actuarial process of the
estimation of the outstanding claim liabilities.

Balance sheet

Assets = Liabilities + Shareholders’ Equity.
An insurer’s total assets equals the sum of its liabilities plus its
shareholders’ funds. For an insurer writing long tail lines, a very large
component of the Liabilities is represented by the provisions (loss
reserves) for outstanding claims.
Incurred Claims

In the underwriting statement,

Incurred Claims = Paid Losses + End of year Loss Reserve
- Beginning of year Loss Reserve

The Incurred Claims are the total claim costs incurred in the underwriting
year. The Paid Losses represent the total payments made in the
underwriting year, in respect of all claims incurred in the current and all
prior underwriting years.




ABSTRACT

This paper describes a (probabilistic) statistical MODELLING FRAMEWORK for
conducting loss reserving analysis. The modelling framework affords many
advantages including extraction of maximum information, simplicity, formal
testing of assumptions and, most importantly, the quantification of loss reserve
variability (or uncertainty). The last advantage is of paramount importance for
premium rating purposes, assessment of risk based capital, testing of solvency
and valuation of the company.

Four real life portfolios are analysed using the modelling framework in order to
demonstrate its power and flexibility, and moreover dispel many pervasive
myths surrounding loss reserving. These include concepts such as estimation of
inflation, sources and extraction of pertinent information, stability, predictability,
actuarial judgment and incorporation of business knowledge. Much of the paper
is iconoclastic. This is because standard actuarial techniques for loss reserving
are very ad hoc, have a "cookbook"™ experimental flavour, do not address the
critical issue of variability (uncertainty) and assumptions are neither stated nor
tested. It's times to declare "The Emperor has no clothes”.

Significant findings for the new CTP {(Compulsory Third Party Personal Injury)
Scheme in NSW are presented. It is demonstrated that the current industry pure
premium (as advised by some consultants) is substantially too low. In my view,
major upgrades in premiums, and claims provisions in the accounts of insurers
writing CTP in NSW, are prudent.

The paper is long and contains many technical details, so a special self-
contained Executive Summary is included for insurance management. The
Summary also provides a "road map” of what’s to come in the paper.

Finally, the views expressed in this paper are entirely my own (except for

quotes) and if you agree with all of them, then only one person is doing the
thinking.
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EXECUTIVE SUMMARY

When | deliver a public lecture | usually start out communicating the fact
that | have both a statistical designation and an actuarial designation.
One nice feature is that | have a repertoire of at least two jokes.

Statistical joke

A statistician is someone who puts their head beside a heater and their
feet in a bucket of ice water and declares "On the average | am fine".

Actuarial joke

There are three types of actuaries. Those who can count and those who

can't.

Both jokes have immediate applications to actuarial solutions of General
Insurance problems.

Statistics is much more than just calculating an average. Statistics is the
study and measurement of variability or uncertainty. For many processes,
the probability of observing an outcome equal to the average or even
close to the average is very small, if not zero.

The primary purpose of statistical endeavour is inferring about realisable
values not observed, based on values that were observed. That is,
predicting or forecasting uncertain outcomes (events) in terms of
probability distributions.

If we roll a symmetric die numbered 1 to & (many times), the average
(mean) is 3.5, but it is never observed. The average conveys very little
information, if any. The probability (statistical) distribution of the
outcomes is much more informative. In this case, each outcome occurs
with probability 1/6. The probability distribution measures the variability
or uncertainty associated with outcomes of die rolling. This type of
variability is called process wvariability. If the die is mutilated and
accordingly biased, we would estimate the probability distribution of
future outcomes (unobserved) based on a sample of (past) observed
outcomes. The uncertainty as a result of not knowing the probability
distribution of outcomes perfectly (we estimate it) is termed estimation

- -
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error.

This paper addresses the critical issue of assessing the wvariability
(uncertainty or predictability) of outstanding claim liabilities. It is shown
how to infer from the past experience (data) and other sources of
information, the probability distribution of the outstanding claim liabilities.

Turning to the actuarial joke, many practising General Insurance actuaries
substitute judgment for straight forward arithmetic (or modern statistics)
when in fact they are capable of counting.

Before we launch into a summary discussion of the technical ideas
contained in the paper, we present some background material on the
actuarial profession, General Insurance, academia and the critical
importance of loss reserving to an insurer writing long tail business.

The Actuarial Profession, General Insurance (Gl) and Academia

The actuarial profession is small and is dwarfed by thousands in
accounting, engineering, etc. But, like many other professions, it is
undergoing a revolution, as a result of a rapidly changing financial
environment, the advent of high 'speed computers and the rapid
convergence of related fields.

Traditional actuarial practice areas include life assurance, pension
insurance and investment. General Insurance (Gl), on the other hand, is a
relatively new field for (Aussie) actuaries and has only been an
examinable subject by the Institute of Actuaries (London) since the late
1970's. In Australia, actuaries do not have a statutory role in Gl, as they
do in life assurance. Increasing involvement of actuaries in Gl is critical
for the future growth and success of the profession outside its traditional
roles.

The underlying Gl process is much more variable than life assurance and
pension insurance, and so deterministic actuarial techniques based on the
"Law of Averages”, formed and honed in these fields, offer little in GI.
The Gl paradigm is stochastic (probabilistic), where the assessment of
variability or uncertainty is critical to the solutions of most problems.
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A number of celebrated actuaries including William Sutton (1888), then
President of the Institute of Actuaries (London) and Arthur Bailey (1942},
an American Gl actuary, recognised that the Gl field would benefit from
the "practical applications of the doctrine of probabilities™. It appears,
unfortunately, that their views have been ignored by most practising Gl
actuaries.

The increasing computer power available to the actuary today and
recently developed statistical technology make the use of probabilistic
(stochastic) techniques relatively simple. The actuarial profession can no
longer rely on the deterministic approach to future planning in GI.

If the actuarial profession embraces stochastic technigues, then it is likely
to be ideally equipped to solve Gl problems. It is only by delivering
quality Gl education to actuarial students and actuaries, and by fostering
collaborative research relationships between industry and academia, that
actuaries may again play a dominant role in the application of statistics to
financial matters, and will have increasing involvement in Gl.

Outstanding Claim Liabilities and Financial Accounts

Prediction of outstanding claim liabilities is a major issue in any
assessment of the financial condition of an insurer writing long tail lines,
whether performed in supervision as part of solvency testing, or in
company management. Since solvency is a probabilistic concept, its
assessment necessarily includes in part the quantification of loss reserve
variability or uncertainty.

For a ‘long tail’ line of business there are delays between the time period
for which insurance protection is afforded (risk period) under the policy,
and the actual claim payments. Accordingly, the insurer may take many
years to discharge its obligations assumed under the policy.

An insurer’s outstanding claim liabilities at a given date are the amounts
which it is liable to pay, after that date, for claims which arose on or
before that date.

In order to understand the necessity for the estimation of outstanding
claim liabilities, it is helpful to have a conceptual understanding of the
basic accounting principles applicable to Gl companies.

- Vi -
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Gl companies use the accrual basis of accounting which recognises
revenue when it is earned, not when it is received. Costs are likewise,
recognised as expenses in the same period as the revenues giving rise to
these costs. This results in financial statements that more appropriately
match costs with appropriate revenues.

At the end of an accounting year the insurer sets aside a provision
(equivalently a loss reserve), in the accounts to provide for the
outstanding claim liabilities. The total outstanding claim liabilities is
uncertain or variable. It has a probability distribution, and it is incumbent
on the actuary to compute or estimate the distribution. The distribution is
estimated from past experience and any other sources of pertinent
information. This is a critical point, as the actual financial provision in the
accounts has a direct impact on shareholder’'s equity (and therefore
solvency), and also on underwriting profit. The reliability and usefulness
of both the balance sheet and underwriting statement, are dependent on
the ‘accuracy’ and ’probabilistic’ interpretation of the provision and
incurred losses shown in the insurers accounts. Management must
recognise and accept variability (uncertainty) and should not only be
concerned with the final figures, which it reports in its company
accounts.

Statistical Modelling Framework

The paper introduces and describes a unified statistical approach to loss
(claims) reserving with its principal advantages and benefits. At the core,
is the paradigm shift, from the non-statistical actuarial techniques to the
statistical actuarial techniques.

It is always difficult to predict the future.

Forecasting

Indeed it (forecasting) has been likened to driving a car blindfolded while
following directions given by a person looking out the back window.
Nevertheless, If this is the best we could do, it is important that it should
be done properly, with the appreciation of the potential errors involved.
In this way it should at least be possible to negotiate straight stretches of
road without a major disaster.

Andrew C. Harvey [9]
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(The person in the back seat does not have supernatural powers).

In the loss reserving context, the ’straight stretches’ are the stable trends
in the (incremental) payments. If the trends have been stable in past
years, we are confident (but not absolutely sure) in supposing the same
trends in the future. This almost perfect analogy will be used throughout
the paper.

The mechanisms by which claim sizes, frequencies and delays are
génerated are invariably complex. When a model is constructed, it is not
intended to be an accurate description of every aspect of the claims
processes. The aim is to simplify the underlying processes in such a way
that the essential features are brought out. According to Milton Friedman
[71: ‘A hypothesis is important if it ‘explains’ much by little...”. Similar
views are expressed by Popper [13]; ‘Simple statements... are to be
prized more highly than less simple ones because they tell us more;

"~ because their empirical content is greater, and because they are better

testable.’

From the statistical point of view, the key feature of a simple model is
that it contains a small humber of parameters. This is known as the
principle of parsimony. Moreover, a simple model is testable. There is no
need to model every basic element of the claims process. Instead, we
construct a simple model that identifies the trends and deviations (random
fluctuations) about the trends in the (aggregate) payments.

It is useful to think of data (measurements) as comprising two
components: a signal or a message which is distorted by a second
component, termed noise. The signal is regarded as deterministic and the
noise as random. Therefore, a mathematical model of the data combining
both signal and noise is stochastic (probabilistic) and is called a statistical
model.

Another way of thinking of a statistical model is to consider the signal
component as a mathematical description of the main features of the
data, and the noise component as all those characteristics not ‘explained’
by the signal component.

Typically the mathematical description of the signal involves several
unknown constants, termed parameters. '
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In the loss reserving context the signal itself has three components of
interest, viz., the trends in the three directions, development vyear,
accident year and payment/calendar year of a "loss development array”
described in Section 1.2. For each direction there are trend parameters.
The fourth component is the noise, equivalently, the random fluctuations
or deviations about the trends. The random fluctuation component is just
as important as the three trend components and is necessarily an integral
part of the model. The data or transform thereof are decomposed thus:

DATA = TRENDS + RANDOM FLUCTUATIONS

The concept of trends and random fluctuations about trends is over two
hundred years old. These concepts have been widely used in analysing
(and forecasting) univariate time series such as sales, stock market
prices, interest rates, consumption, energy and so on.

The principal aim of analysing a loss development array is to estimate the
trends in the past, especially in the payment/calendar year direction, and
determine the random fluctuations about the trends. In this way it can be_
best judged which assumptions should be used for future trends (and
random fluctuations). n The probability distributions of the random
fluctuations are also computed.

IF THE TRENDS IN THE DATA ARE STABLE THEN THE (OPTIMAL)
MODEL WILL VALIDATE WELL AND BE STABLE. If the trends in the data
are unstable then the decision about future trends is no longer straight
forward. Instability in trends with little random variation about the trends
makes data less predictable than stable trends with much random
fluctuation. See Sections 4.2 and 4.3 for real life examples.

The ‘best’ identified model contains assumptions (equivalently,
information). All the assumptions must be tested to ensure they are
supported by the data (experience).

As we proceed through the model identification strategy we are
extracting information (about trends and stability thereof and the amount
of random variation) and we ‘hope’ that the 'best’ identified model tells
us that the calendar year trend in the data is stable (especially more
recently). If trends are not stable then we may not necessarily use the
optimal statistical model for forecasting. See Section 5.0.

- X -
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None of the numerous models contained in the MODELLING
FRAMEWORK actually represent explicity the underlying claims
generating processes. The multitude of variables involved in generating
the claims are invariably complex. What we attempt to achieve is the
identification of a parsimonious model in terms of the simple components
of interest for which all the assumptions inherent in the (probabilistic)
model are supported by the data. It is subsequently argued that the
experience (data) can be regarded as a sample (path) from the identified
probabilistic model. The multitude of variables that are the determinants
of the claims processes are proxied by the TRENDS and the (residual)
variance of the RANDOM FLUCTUATIONS.

The principal advantage of an explicit statistical model is that it makes the
assumptions clear. Other advantages include improved accuracy and
quantification of variability required for assessment of risk based capital
and testing of solvency.

Loss Reserving Myths and Uncertainty

We debunk a number of loss reserving myths by employing simulation
studies and a number of real life examples. In spite of the critical
importance of loss reserving in insurance, the statistical foundations are
not well understood by many insurance experts. Misstatements and
fallacies regarding loss reserving and related concepts are pervasive,
ranging from insurance courses in the classroom to insurance cases in the
courtroom.

Myth 1

If we know the (exact) probabilistic model including the values of the
parameters generating the paid losses, there is no variability or
uncertainty.

Reality 1

There is variability or uncertainty even when we know the exact
probabilistic model generating the losses. (Recall the die rolling eXampIe).
This variability (uncertainty) is called process variability (uncertainty). See
Section 3.1.




Myth 2

Variability or uncertainty is inversely proportional to the size of the
insurer’s exposure base.

Reality 2

There is no relationship. [t is only the process uncertainty (noise) that
may reduce with increasing exposure. In Section 4.2 we analyse an
experience of a large U.S. insurer with a large exposure base where the
paid loss experience has a major shift in trend, and accordingly there is
much uncertainty about the future. By contrast, in Section 4.3, we

. consider a company with a relatively small exposure base where the paid

losses fluctuate widely, BUT, the trend is relatively stable and so the
future experience is not as uncertain.

Myth 3

Large fluctuations in paid losses implies instability in trends and so the
future experience is very uncertain.

Reality 3

Large fluctuations may be due to the "random™ component, equivalently,
the "noise”, not an instability in trends. See Section 4.3 for a real life
example where the paid losses fluctuate widely but due to stability in
trends, the model estimated three years earlier would have "predicted”
the last three years experience and would have yielded the same
estimates statistically of the outstanding claim liabilities, as the model
estimated at valuation date. '

Myth 4

Escalation in payments is due to "claims closing faster™, and so less will
be paid later.




Reality 4

This is one of the "great lies” in loss reserving. Some insurance
practitioners have used this argument to explain the rapid escalation in
the claims experience for the new CTP NSW Scheme. See Section 6.0
for a description of the "relationship™ between aggregate payments and
closure rates in the CTP NSW industry experience, and Section 4.3 for
the "relationship” in the (individual) AMP General Insurance CTP (NSW)
experience.

Charles McLenahan, a distinguished U.S. Gl actuary in referring to Myth 4
remarked: '

"If | had a nickel for every time | heard this as an
explanation for increasing loss development factors, /
wouldn’t have nearly enough to cover the reserve
deficiency of the company which believes it. In
twenty-five years, the only situation in which | have
ever witnessed a material speedup of claims closure
was a company in liquidation. The teller of this
untruth is usually armed with various recently-
instituted changes in claims handling policies and
procedures which account for the change.”

Predictability is intimately related to the concept of uncertainty which
abounds in everyday business life. The various components or sources of
uncertainty or variability are discussed in Section 5.0.

Uncertainty (variability) is modelled in terms of probability (statistical)
distributions. There are four principal sources of uncertainty that are
interrelated. These sources of uncertainty determine the predictability of
the outstanding claim liabilities.

1. i r_random variation
This is called process uncertainty or process risk. It represents the

inherent variability in the process. We have no control over it and
cannot reduce it.

- Xii -
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Estimation error

A statistical model contains parameters that are estimated from
data. Due to sampling variation (noise) the parameters are not
known exactly.

Tren ili r lack ther

Based on Andrew Harvey’s car example in Section 0.3, uncertainty
about future trends is related to stability or lack thereof of past
trends.

Assumptions about future trends are based on identification of past
trends and other sources of information, including business
knowledge. See Section 5.0.

This type of uncertainty is commonly referred to as risk parameter
uncertainty and is intimately related to the next type of uncertainty.

The future ain’t what i

This source of uncertainty may be difficult to measure statistically,
but that does not mean we should ignore it. The future may be
very different to the past. A pricing actuary working in 1975
would have had no way of predicting the explosion in pollution
liability claims that would have occurred in the 1980’s, in respect
of claims jncurred in 1975. However, had he been aware that
there is a strong probability that the environment, legal and
economic, may change, judgemental éhanges to the parameters of
the model, could have been made.

The quantification of the first three sources of uncertainty are
dependent on the information extracted from the historical
experience.

CTP NSW Industry Experience

The NSW Government established a new Scheme, which commenced in
July 1989, for compensating people injured as a result of the fault of
others in motor vehicle accidents. Compulsory Third Party Personal Injury
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Insurance (or CTP) provides funds to compensate people injured in motor
vehicle accidents.

The Scheme includes the following features:

° Each registered owner of a vehicle in NSW is required to insure,
with an insurer licensed under The Motor Accidents Act 1988.

. Insurers are licensed under the Act and must file with the Motor
Accident Authority, at least once a year, a full set of premiums it
proposes to charge for third party policies.

Applying the statistical modelling framework described in the paper, we
have determined an alarming claims escalation (deterioration) in the paid
losses that has existed for over three years.

The graph below displays the trends in the paid losses across the
payment quarter years from the September quarter of 1989 (3-89) to the
June quarter of 1994 (2-94). We observe a favourable experience (zero
trend) from 3-89 to 2-91. Thereafter, there is a distinct positive trend
estimated as 8.42% + 1.38% per quarter year. That is, 40% p.a.!

Industry- Paid Loss Experience
Depicts relative trends along payment (quarter) years
3
2 E
2 4 E
8 E
& 0F
5 =
o-E
2
3B
89 90 91 92 93 94 85
Payment quarter year
¢ Deviations

- Xiv -




The alarming trend has existed for over three years, so that, if the
‘optimal’ statistical model is estimated at payment quarter year end 3-
92 (omitting the 4-92 to 2-94 paid losses), for example, it "predicts” the
paid losses for the payment quarter years 4-92 to 2-94 and yields
statistically the same outstanding paid losses, as the model estimated at
payment quarter year end 2-94! See Section 6.5 for detailed analysis.

The alarming deterioration in claims experience has resulted in substantial
underwriting losses for NSW based CTP business, in the current and
recent financial years. Some industry practitioners have attributed the
deterioration to "claims closing faster”. That this contention (Myth 4) is
not supported by the experience is demonstrated in Section 6.4.

If we apply the Harvey [9] motor car analogy, even though we have
identified an inordinate high inflation rate in the CTP experience, we are
not guaranteed it will continue. Indeed, given that the principal reason for
the inflation, is a continued trend towards litigation as an avenue by
claimants for higher award payments, one would expect and hope to
reach ’saturation’ in the near future. A downward adjustment to the
future trend ought to be made to reflect the fact that the legal
environment will stabilise.

In any event, the trends arising from the deterioration in claim costs have
only been marginally factored into the current pure premium (before
allowing for expenses, profit margins and other contingencies) of $190
(per vehicle). Assuming a discount rate of 8% - 10% p.a., it could only
be substantiated by a less than 4% p.a. combined AWE + Superimposed
inflation in the future.

In my view, unless there are major upgrades to the ‘industry pure premium‘
and to the provisions carried by companies writing this line, then losses

will continue and are indeed likely to increase.

The companies that are inadequately reserved are attracting taxes on
profits that are very unlikely to emerge.

Section 6.0 of the paper presents more detailed analysis of CTP NSW.

- XV -
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Organisation of the paper

The problem of estimation of outstanding claim liabilities including
accounting concepts is discussed in Section 1.0. Probabilistic concepts
and statistical models in general are presented in Section 2.0.

The probabilistic modelling framework is introduced in Section 3.0 with a
few simple examples using simulated data. The difference between
process uncertainty and estimation error is illustrated. Model validation,
stability and updating are also discussed.

In Section 4.0 we describe a number of loss reserving myths that are
related to the measurement of uncertainty. The myths are debunked
using real life examples. Formulation of assumptions about the future
based on extraction of information from the historical experience,
business knowledge and judgment are discussed in Section 5.0.

In Section 6.0 we use the statistical modelling framework to analyse the
NSW based CTP experience, in order to illustrate the power and flexibility
of the statistical methodology. We also show that the CTP experience is
subject to an alarming claims escalation rate.
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1.1

1.2

THE PROBLEM

One of the major challenges to the General Insurance (Gl) actuary is the
estimation of the necessary financial provisions for the unpaid
outstanding claim liabilities of an insurer to claimants. The determination
of the provisions is essential to the long term management of a Gl
company. Accurate assessment is required for solvency considerations,
as well as premium setting.

Outstanding claims

A GI policy is a short term contract, usually one year. However, the
insurer’s liability may not necessarily cease at the expiry of the (one year)
risk period.

For a 'long tail’ line of business there are delays between the time period
for which insurance protection is afforded (risk period) under the policy,
and the actual claim payments. Accordingly, the insurer may take many
years to discharge its obligations assumed under the policy.

An insurer’s outstanding claim liabilities at a given date are the amounts
which it is liable to pay, after that date, for claims which arose on or
before that date.

We define the ‘accident year’ as the ‘year of origin’ in which the incident
leading to a claim occurred. The year'in which a payment is made is
referred to as ‘payment year’ and the difference between ‘payment year’
and ‘accident year’ is referred to as the ‘development year’.

Each ‘accident year’ gives rise to a stream of payments in emerging
years.

Triangulation (Loss Development Array)
The claim experience of an insurer in respect of a particular class of

business can be summarised in a run-off triangle exemplified below.
'Year of origin’ is the year in which the incident leading to a claim occurs.
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1.4

Incremental Paid Losses ($OOQ)

Year of Development year (Delay)

Origin 0 1 2 3 4
1990 580 1079 131 80 25
1991 494 993 118 91

1992 551 1060 129

1993 648 1312

1994 746

The diagonals in the array represent the payment years. For example, in
respect of claims originating in 1992, payments totalling $129,000 were
made in 1994 (development year 2).

Run-off triangles for other (aggregate) data types including number of
claims notified, number of claims closed and case estimates can also be
created.

The objective is to complete the rectangle in order to compute the total
ultimate incurred cost for each year of origin (accident year).

Accounting Concepts

In order to understand the necessity for the estimation of outstanding
claim liabilities, it is helpful to have a conceptual understanding of the
basic accounting principles applicable to insurers.

The accounting process produces two important statements, the balance
sheet and the income statement, that document the financial position and
performance of a firm respectively. The reliability and usefulness of both
these statements are dependeht on the accuracy and interpretation of the
provisions (for outstanding claim liabilities) shown in the insurer’'s
accounts.

Accrual basis of accounting

The accrual basis of accounting recognises revenue as it is earned.
Likewise, costs are reported as expenses in the same period as revenues
giving rise to these costs are recognised. This results in an income
statement that more appropriately matches costs with appropriate
revenues.
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1.6

1.7

1.8

Provision

An outstanding claim provision is an amount set aside in the insurer’s
accounts, to provide for outstanding claim liabilities.

The Balance Sheet and Underwriting Statement

The balance sheet reports on the financial position of the firm at a
specific point in time. It shows the levels of assets and liabilities, and the
status of the shareholders’ equity, or surplus, for the insurer.

Assets = Liabilities + Shareholders’ Equity

The liabilities include the outstanding claims liabilities defined in Section
1.1. Through common usage the term "loss reserve” or "claims reserve”
has come to denote the Gl company’s provision in the balance sheet for
its outstanding claims liability.

In the Underwriting statement

Incurred Claims = Paid Losses + End of year Loss Reserve
- Beginning of year Loss Reserve

The Incurred Claims are the total claim costs incurred in the underwriting
year. The Paid Losses represent the total payments made in the

underwriting year, in respects of claims incurred in the current and all

prior underwriting years.

Solvency and Income

Any change in the (financial) provisions in the accounts have a direct
impact on Shareholders’ Equity and accordingly solvency, and Incurred
Losses and accordingly income.

Loss (claims) reserving

Loss or claims reserving is the process of estimating the amount of the
company’s outstanding claim liabilities.
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LOSS (CLAIMS) RESERVING METHODS

The basic goal of this paper is to introduce and describe a unified
statistical approach to loss (claims) reserving with its principal advantages
and benefits. At the core, is the paradigm shift, from the non-statistical
standard actuarial techniques to the statistical actuarial techniques.

In spite of the critical importance of loss reserving in insurance, the
statistical foundations are not well understood by many insurance
experts. Misstatements and fallacies regarding loss reserving and related
concepts are pervasive, ranging from insurance courses in the classroom
to insurance cases in the courtroom. '

Paradigm Shift on the Port Bow

The following true story of a naval cammander’s brush with a new reality occurred
some years ago during US navy practice manoeuvres. The ship in question was
steaming just after dark in heavy fog when a light was reported by a lookout.

The captain ordered his signalman to flash the message "We are on a collision course.
Advise you change course 20 degrees’. The reply came back through the fog,
‘Advise you change course’.

The next signal said 'l am a captain. Change course 20 degrees’. The reply was |
am a seaman, 2nd class. You had better change course’.

The captain, now infuriated, sent back, ‘I’'m a battleship. Change course 20 degrees’.
The reply? ‘I’'m a lighthouse’.

Stephen R. Covey [5]

The statistical approach to loss reserving requires a totally different
perception and/or framework. It requires a paradigm shift.

Celebrated actuaries have suggested "statistical thinking" as the principal
approach to solving Gl problems.

in his Presidential address (Institute of Actuaries, London) in 1888,
William Sutton expressed the wish that insurance offices other than life
offices should benefit from the practical application of the doctrine of
probabilities.
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More recently, the celebrated American actuary Arthur Bailey, in spite of
his mathematical cum statistical brilliance, had a way of presenting ideas
so lucidly that even lay people could get his message. For example, in his
1942 paper, "Sampling Theory in Casualty Insurance”, he said:

"Thus the losses paid by an insurer never actually reflect the hazard
covered, but are always an isolated sample of all possible amounts of
Josses which might have been incurred. It is this condition, of never
being able to determine, even from hindsight, what the exact value of the
inherent coverage was, that has brought the actuary into being."”

Claims Processes

The mechanisms by which claim severities, frequencies and delays are

generated are invariably complex. When a model is constructed, it is not
intended to be an accurate description of every aspect of the claims
processes. The aim is to simplify the underlying processes in such a way
that the essential features are brought out. According to Milton Friedman
[8): ‘A hypothesis is important if it ‘explains’ much by little.... . Similar
views are expressed by Popper [14]: 'Simple statements... are to be
prized more highly than less simple ones because they tell us more;
because their empirical content is greater, and because they are better
testable’.

From the statistical point of view, the key feature of a simple model is

that it contains a small number of parameters. This is known as the
principle of parsimony. Moreover, a simple model is testable.

The purpose of constructing a statistical model is to systematically
account for as much of the variation in the observations with as few
parameters as possible.

The "essential features™ of the data in the loss reserving context are the
trends and the random fluctuations about the trends. We decompose the

data thus:

Log ‘payments’ = Trends + Random Fluctuations
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Another way of thinking of this statistical model is to regard the Trends
as a mathematical description of the main features of the data and the
Random Fluctuations (or error or noise component) as all of those
characteristics not ‘explained’ by the Trends. All the complex
mechanisms involved in generating the data are implicitly included in the
model as creating the Trends plus the residual variance in the Random
Fluctuations.

The final identified model that ‘explains’ the data does not represent
explicitly the underlying claims generating process. The model has
probabilistic properties for which the data may be regarded as a sample
(path) from it. Another classical modelling example in insurance where
the same kind of modelling concepts are used is when we fit a Pareto
distribution, say, to loss sizes. We do not assume that the Pareto
distribution represents the underlying generating process. Whatever is
driving the claims is very complex and depends on many factors. All we
are saying is that our experience (sample) can be regarded as a random
sample from the estimated Pareto distribution. The estimated Pareto
distribution describes the variability in the loss sizes.

Statistics, Statistical Models and Forecasting
The best way to suppose what may come, is to remember what is past.
George Savile, Marquis of Halifax.

In this section we discuss a number of fundamental statistical forecasting
concepts including which salient features of the data should be used to
"remember what is past”.

Statistics can be defined as the art and science of gathering, analysing
and making inferences from data. Statistics is the study and modelling of
variability and uncertainty.

The basic principles of statistical inference necessarily involve
probabilities. Indeed, statistics is primarily concerned with the application
of probability theory to data. The statistical approach to modelling is
based on the construction or estimation of a probabilistic model. The
model does not necessarily represent the underlying generating process of
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the losses. Whatever generates the losses is complex and depends on a
myriad of factors. Instead, the statistical model is simple, and defines the
probabilistic mechanisms (or laws) which are regarded as being capable of
having produced the data (observations). If the model were to generate
several sets of data (or observations), each data set would be different
but they would all obey the same probabilistic laws.

Forecasting

Indeed it (forecasting) has been likened to driving a car blindfolded while
following directions given by a person looking out the back window.
Nevertheless, if this is the best we could do, it is important that it should
be done properly, with the appreciation of the potential errors involved.
In this way it should at least be possible to negotiate straight stretches of
road without a major disaster.

Andrew C. Harvey [10]

In the loss reserving context the ’‘straight stretches’ are the stable trends
in the (incremental) payments. If the trends have been stable in past
years, we are confident (but not absolutely sure) in supposing the same
trends in the future. This almost perfect analogy will be used throughout
the paper.

Predictability, as will become apparent, is intimately related to stability of
trends. ‘ '




3.0

3.1

PROBABILISTIC MODELS
We use probabilistic models to extract information from data. Based on:

| information extracted from the incremental paid losses development
array (triangle);

] information extracted from other data types;
and
| business knowledge,

the actuary determines the most appropriate assumptions about the
future. Information extracted from the loss development arrays will
necessarily involve (i) validation analysis, (ii) stability analysis, (iii)
sensitivity analysis and (iv) ‘what if?’ analysis.

Example of A Statistical Model Generating A Loss Development Array
(Triangle)

We describe a (simple) probabilistic model representing the generation of
incremental paid losses in a loss development array (triangle).

Consider first, only one accident year, and denote by p(d) the incremental
paid loss in respect of development year d.

d : 0 1 L e s
pld) : p(0} p(1) p(2) ...... pls)

Assume p(d) is generated by the trend curve expi{a + yd), an exponential
curve. So,

y(d) = In pld)
= a + yd.

That is, yld), the logarithm of p(d) is generated by the constant trend line
a + yd. '




The parameter a (alpha) represents the intercept whereas the parameter y
(gamma) represents the slope or trend.

Note that logarithms are like percentages and are used to measure trends.
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Figure 3.1.2

Figure 3.1.1 depicts the exponential curve exp(a+yd) and Figure 3.1.2
the corresponding logarithm.




Hitherto, we have assumed that each y(d) value sits on the straight line
a + yd.

Suppose that in actual fact the observations y(d) fluctuate about the line
a + yd, such that positive fluctuations (deviations) are as likely as
negative fluctuations (deviations). Indeed, the deviations of y(d) about o
+ yd can be described by the symmetric bell-shaped normal distribution.
That is, the deviations or fluctuations follow a particular type of
probabilistic law, depicted in Figure 3.1.3.

The symmetric bell shaped curve about the trend line represents the
(relative) frequency of the deviations.

y(d]

Y

d
Figure 3.1.3
The model can now be written
yid) = a + yd + €(d), (3.1.1)

where the "error” or "deviation" e€(d) of y(d) from the straight line o +
yd is a random selection from a normal distribution with mean zero
(average deviation = 0) and variance o°, say. (The Greek letter, o,
denotes the standard deviation of the "deviations”).
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If we estimate (or fit) the above model to one accident year’s observed
experience we are not only estimating the straight line ¢ + ypd but also
estimating the normal distribution of the deviations of the observed from
the fitted line. The estimated normal distribution with means lying on the
estimated line define the probabilistic mechanisms which are regarded as
being capable of having produced the observations.

Note that the model assumes that the mean effective yearly trend (on the
$ scale) between any two development years is constant and equal to
exp(y) - 1. The mean continuous trend (like force of mortality, or force of
inflation) is represented by the parameter y. We call y a development
factor on a log scale.

Suppose now that this constant development year trend model (on a log
scale) applies to every accident year in the triangle with the same
parameters @, y and o~ for each accident year.

So what does this model containing only two mean parameters a and y ,
and one variance parameter o , assume about the observations in a
triangle?

Succinctly, it assumes complete homogeneity of accident years with a
constant trend along development years. Maore specifically,

(A1): The mean trend between any two development years is constant
and is the same for each accident year. Accident years are

homogeneous in respect of development year trends.

(A2): Accident years are homogeneous in respect of mean level. The
same parameter a applies to each accident year.

(A3): The deviations of the (log) observations from the trend line follow a
normal distribution with mean zero and constant variance o.

N.B. The distribution of the deviations, equivalently, the random
fluctuations, about the trend is an integral part of the model.
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The model decomposes the (log) observations into trend plus deviations
or random fluctuations.

DATA = TREND(S) + DEVIATIONS (RANDOM FLUCTUATIONS)

The above model contains very few assumptions (parameters). It is only
useful for projections if all the assumptions contained in the model are
supported by the data.

Violations of Assumptions

A constant trend along development years

The violation of this assumption can be detected diagnostically by
fitting (estimating) a constant trend to development years and
examining the graph of observed deviations (residuals) versus
development years for any residual trends.

For example, the display of observed deviations versus
development years in Figure 3.1.4 below exhibits non-randomness.
Therefore, the trend along development years is not constant.
Indeed, there appear to be four distinct trends.

Observed deviations versus development year
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Daviations

Accident years are homogeneous in respect of levels

The violation of this assumption can be detected diagnostically by
examining the graph of observed deviations (residuals) versus
accident years for systematic patterns.

For example, the display of observed deviations versus accident
years in Figure 3.1.5 below indicates a systematic pattern (trend).

Observed deviations versus accident year
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Payment/Calendar year trend is zero

The most important dimension or direction in the triangle is the
payment/ calendar year direction, equivalently, the diagonals in the
triangle. Model {3.1.1) assumes that the trend between any two
contiguous payment/calendar years is zero. The violation of this
assumption can be detected diagnostically by examining the graph
of observed deviations versus the payment years.
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Deviations versus payment year
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For example, the observed deviations in Figure 3.1.6 indicate
diagnostically a zero trend whereas the observed deviations in Figure
3.1.7 indicate diagnostically a positive constant trend.

Deviations versus payment year
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Figure 3.1.7

The most important assumption is concerned with the distribution of the
deviations. The distribution of the deviations is assumed to be normal
with mean zero and constant variance. This assumption must also be
tested.
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3.2

A Model with Three Inflation Parameters
The data in Appendix A1 to Appendix A9 are generated as follows.
First, we create payments based on the formula:
plw,d) = expla - 0.2*d).
That is, each accident year w is generated by the same exponential curve
with ¥ {(gamma) or decay factor equal to -0.2. The Greek letter a (alpha)

represents the intercept, level or (log) "exposure”. See Appendix A1 for a
display of the data.

TRENDS

~

1978
0.1

0.3

0.15

1982

1983

1991
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On a log scale we introduce payment/calendar year trends thus: 10%
trend from 1978-82, 30% trend from 1982-83 and 15% trend from
1983-91. The logarithms of the payments with these trends are given in
Appendix AZ.
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10

Development year trends
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11

Figure 3.2.1

Figure 3.2.1 displays the graph of the log paid losses versus development
vear for the first six accident years.
Appendix A2).

(The log paid losses are presented in

Observe how payment/calendar year trends project onto development
yvears and accident years. Each of the first six accident years has a
different run-off development.

Consider the first accident year 1978. The 10% calendar year trend
projects onto the development year, so that the resultant trend from
development year O to development year 4 is -0.2 (the gamma) + .1 (the
payment year trend)= -.1. The 30% trend between calendar years 1982
and 1983 also projects onto the development year so that the trend
between development year 4 and 5 is -0.24+0.3= +0.1. Thereafter the
trend is -.2+.15=-.05. Since .15 is larger than .1, the resultant decay in
the tail is less rapid (-.05>-.1).
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Consider the next accident year 1978. First up to development year 3,
this accident year is 10% higher than the previous one since the 10%
calendar year trend also projects onto the accident years. The 10%
upward trend is one development year earlier than in previous accident
year since the 30% trend is a calendar year change.

So, changing payment/calendar year trends can cause some interesting
development year patterns. The run-off pattern is different for each
accident year. The calendar year trends cannot be determined by the link
ratios (age-to-age development factors) displayed in Appendix A4.

The patterns became much more complicated in the presence of random
fluctuations superimposed on the trends.

The model describing the data we have constructed can be represented
pictorially thus:

Figure 3.2.2

where y=-0.2, +,=0.1, 1,=0.3 and 7,=0.15. The Greek letter s (iota)
represents a trend or inflation along payment/calendar years.

Writing the eguations explicitly is not necessary. Indeed, it is too
complicated.

7




We note that the resultant trend (age-to-age development factor) between
development years j-1 and j is the (base) development factor y between
the two development years plus the payment year trend / (iota) between
the two corresponding payment years,

We now introduce random fluctuations or deviations from trends.

To all the log "payments” in the triangle we add random numbers from a
normal distribution with mean zero. Equivalently, to the trends depicted
in Figure 3.2.1, we add random numbers from a normal distribution
displayed in Appendix A5. The sum of trends (Appendix A2) plus random
fluctuations (Appendix AB) is displayed in Appendix AB.

The graph of the first six accident years of the data in Appendix A6 is
given in the Figure 3.2.3 below.

13
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1.3
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Trends plus random fluctuations

Impossible to detedt changing trends by eye

Figure 3.2.3

NOTE that it is impossible to determine the trends and/or changes in
trends by eye or from the age-to-age link ratios of the cumulative
payments (Appendix A9). See Appendices A7 - A9. THE TRENDS CAN
ONLY BE DETERMINED BY USING REGRESSION.
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3.3

The incremental paid losses we have generated in Appendix A7 were
generated by five trend parameters (o , ¥, /;. I, , 13 ) and one variance
(noise, randomness) parameter ¢” .

Since the incremental paid losses possess a stable trend (15%) along the
payment years from 1983 to 1991 we would expect that the estimated
model will validate well and be stable. See Section 3.3. Basically, when
we look out the back window we determine that the road has been
straight for quite a long distance.

Model Validation and Stability

Suppose we generate a sample triangle using model (3.3.1) with selected
values of the three parameters a=10, y=-0.3 and o =0.4.

When we use the generated observations in the triangle to estimate the
parameters a, y and o, our estimates, due to sampling variation, will not
be identical to the actual selected values of the parameters.

What should we expect if we re-estimate the model from a sub-sample of
the triangle, say the triangle excluding the last three diagonals?

First, we would expect the estimates of the three parameters to be stable.
That is, the estimates based on the sub-sample should not be statistically
different to those based on the whole triangle. This is because when we
look out the back window of our car {(along the diagonals) we determine
that the road has been straight (stable {zero) trend) for many years.

Secondly, we would expect the estimated model based on the sub-sample
to accurately forecast the observations in the last three diagonals. When
we use the estimated model for forecasting we are projecting not only the
(average) trends for the future but most importantly the distribution of the
deviations of the observations from the trends. We would expect that the
observed deviations of the actual observations from the forecast trends to
be governed by the probabilistic mechanisms of the forecast distributions.
Moreover, the completion of the rectangle should be statistically non-
different to basing our projections on the estimated model from the whole
triangle.
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The following table displays results of estimating the model @ + yd + €
from a sample triangle.

TABLE 3.3.1

Estimate of
Payment yrs gamma
in Estimation % Forecast
1978-1994 -28.67£1.26 299,660+ 35,487
1978-1993 -28.58+1.46 303,980+37,885
1978-1992 -28.65+1.66 302,601 £ 38,843
1978-1991 -29.26+£1.95 304,711+42,149
1978-1990 -29.40+2.28 296,650+43,625

The true model for which =10, y=-0.3 and ¢°=0.4 yields a (true) mean
reserve forecast of 284,125 and a (true) standard deviation of 30,970.
The standard deviation of 30,970 is referred to as process uncertainty.
So,

EVEN IF WE KNOW ALL THE PARAMETERS OF THE TRUE
MODEL, THERE IS STILL UNCERTAINTY OR VARIABILITY

THIS 1S CALLED PROCESS UNCERTAINTY

We now give a summary of the analysis of the incremental paid losses
array generated by the probabilistic model of Section 3.2. The model
contains a stable payment year trend of 15% since 1983.

The model has four parameters, one ¢ = 11.51293, one y = -0.2, and
three inflation parameters /; = 0.1 for payment years 1978-82, /, = 0.3
for payment years 1982-83 and /; = 0.15 for payment years 1983-91.
The incremental paid losses array appears in Appendix A7.

The following table gives estimates of parameters and outstanding total
payments (i) using the whole triangle, (ii) using the triangle up to year end
1990, (iii) using the triangle up to year end 1989, (iv) using the triangle
up to year end 1988 and finally (v) using the triangle up to year end
1987. In case (v} we do not use over 50% of the data points.
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TABLE 3.3.2

Payment yrs Estimate of | Estimate of Forecast
in Estimation gamma (in tail) iota (since 1983) sM
% %
(i) 1978-91 -20.62+0.33 14.46+£0.46 23+0.9
(ii) 1978-90 -20.75+0.36 15.27 4+ 0.51 29+1.2
(iii} 1978-89 -20.86+0.42 15.12+0.64 25=+1.5b
{iv) 1978-88 -21.19+0.45 15.75+0.75 26+£2.0
(v) 1978-87 —31.31 +0.55 15.63+1.03 26+2.9
Case (v)
1978

1987

1821

D1 represents data points in the 1978-1987 payment years.

When we use the data set D1 to estimate the model parameters and then
project payments for payment/calendar years 1992-2004, we obtain the
same answer (26x2.9) statistically as when we use the whole triangle
(23+0.9), that is data points from 1978-1991. Moreover, at year end
1987 the estimated model accurately forecasts the distribution of the
deviations of the observed wvalues from projected trends for
payment/calendar years 1988-1991.

The identified model informs us that there is a stable trend in the data
since 1983.

3.4 Model Maintenance and Updating

Once a model has been identified up to year end 1993, say, one year
later at year end 1994, there is no need to analyse the history again. A
number of post-sample predictive tests are conducted and the model is
subsequently updated.

el




3.5

Consider the analysis in Section 3.3 of the data generated in Section 3.2,

At year end 1991 the model is stored. Next year, 1992, on receipt of the
1992 experience the same model is restored and zero weight assigned to
the 1992 experience, in order to determine whether the estimated model
at year end 1991 forecast the 1992 experience, and if not why not?

Which assumption is the culprit if the answer is in the negative? Is it, for
instance, that inflation between 1991 and 1992 is not 14.46% =0.46%.
The post-sample predictive testing is a type of forward validation analysis.

Family of Models

Hitherto, we have assumed a constant trend y (gamma) across
development years. This is often not the case. It is usually the case that
development year trends change in the early development years and
become constant somewhere in the tail. Hence, we need the flexibility to
determine the trends between every two contiguous development years
and whether they change significantly. Accordingly, the modelling
framework allows for a y; parameter between development years j-1 and

js

Similarly, the modelling framework allows for an inflation parameter s,
(iota) between payment year t-1 and payment year t and a level
parameter a, for accident year w. Each parameter is readily interpretable.

Development factors

i - trend between development years j-1 and j represents the
development factor (on a log scale) between development
years j-1 and j.

/ - trend between payment/calendar years t-1 and t represents
the inflation (superimposed inflation) between
payment/calendar years t-1 and t. If the data are adjusted by
some kind of CPl index then the trend represents
superimposed inflation, otherwise the sum of the two
effects: economic and social.
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Exposur
a, - level for accident year w represents the log "exposure”.

The model of Section 3.2 has one y parameter (constant base trend along
development years), one o parameter (one constant ‘exposure’) and three
iota parameters (inflation parameters). It also has a parameter o2 that
represents the variance of deviations about the trends. So, the paid
losses of Section 3.2 were only created by six parameters.
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4.0

4.1

LOSS RESERVING MYTHS AND UNCERTAINTY

In the present paper we debunk some persistent loss_reserving myths
including a number of misconceptions concerning uncertainty, We use
real life data to demonstrate our assertions.

Uncertainty

It is part of the actuary’s task to respond to uncertainty, both as a
technical matter and in the presentation of results.

There are a number of components of this uncertainty.

(i)

(ii)

(iii)

Process uncertainty (Noise or random variation)

Even if we know the (exact) probabilistic model including the
values of the parameters generating the paid losses, there is
variability or uncertainty. See model (3.3.1) and the discussion in
Section 3.3 for an example of process uncertainty. (If a coin, that
is unbiased, is to be tossed 100 times, we know the probabilistic
model generating the number of heads but we do not know how
many heads we will observe),

Estimation error or uncertainty

The parameters of a probabilistic model are estimated from the
historical experience. Accordingly, there is uncertainty associated
with the true values of the parameters. See Section 3.3.

Trend stability or lack thereof

Based on Andrew Harvey's car example in Section 0.3, uncertainty
about future trends is related to stability or lack thereof of past

trends.

Assumptions about future trends are based on identification of past
trends and other sources of information, including business
knowledge. See Section 5.0.
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4.2

This type of uncertainty is commonly referred to as risk parameter
uncertainty and is intimately related to the next type of uncertainty.

(iv)] The future ain’t what it used to be

This source of uncertainty may be difficult to measure statistically,
but that does not mean we should ignore it. The future may be
very different to the past. A pricing actuary working in 1975
would have had no way of predicting the explosion in pollution
liability claims that would have occurred in the 1980's, in respect
of claims incurred in 1975. However, had he been aware that
there is a strong probability that the environment, legal and
economic, may change, judgemental changes to the parameters of
the rmodel, could have been made.

An actuary working in 1975 would have had no way of predicting the
explosion in pollution liability that would have occurred in the 1880°s (in
respect of claims incurred in 1975).

Myth 1

Smooth data and/or smooth age-to-age link ratios means stability of trend
in (incremental) payments.

The principal objectives of the analysis of the real life data in this section
are to demonstrate that:

i Age-to-age link ratios (or development factors) based on the
cumulative paid losses give no indication about the trends and
random fluctuations in the (incremental) payments.

2. Smooth data may have major shifts in payment year trends.

3. A large company’'s run-off payments are not necessarily stable in
respect of payment year trends, even though the payments may be
extremely smooth (with very little random fluctuations about the
trends). So, even a large company with a large exposure base can
have significant problems.
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4.3

The data (save a multiplicate factor in order to preserve confidentiality)
come from a large insurer and are given in Appendix C1. Accident year
exposures, (from memory), represent earned premiumn (relativities). As
we shall see in the next section, the exposures are not that important.

The age-to-age link ratios presented in Appendix C2 are relatively smooth.
For the early development years they tend to decrease slightly in the
middle accident years and then increase in the latter payment years.

The graph below is that of the residuals of the (statistical) chain ladder
model. The model adjusts the data for the average trends between every
two contiguous development years and every two contiguous accident
years. We use the model as a powerful diagnostic tool to determine the
relative payment/calendar year trends. Note a major shift in trend around
1984-1985. The trend changes quite alarmingly from 8% to 16%.

Relative payment year trends
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Figure 4.2.1

Myth 2

Rough data and/or age-to-age link ratios means instability in trend in
incremental payments.

In the present sub-section we present some of the results of the analysis

of a real (incremental) paid loss development array which we name GLD1.
The exposure base is very small relative to example in Section 4.2.
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The paid losses, presented in Appendix E1, are rough (i.e., have much
variation), have rough link ratios or age-to-age development factors
(Appendix E3), YET the payment/calendar year trend is essentially stable.
Had we estimated the optimal model at year end 1989, we would have
forecast accurately the trends and the distribution of deviations about the
trends for the years 1990 to 1992, and moreover, the estimate of the
outstanding liabilities beyond 1992 would be statistically the same as
estimating the model to all the years at year end 1992.

S0, loss (claims) reserve myth number two of the next Section is
debunked, namely, rough paid losses and/or rough link ratios (age-to-age
development factors) imply payment year trend instability in the paid
losses.

It turns out that the identified optimal model has one (constant) trend
parameter along the payment/calendar years. The estimate of this
(average) inflation parameter is 12.77% + 3.93%.

A graph of the deviations (residuals) of the observed from the fitted
trends versus payment years is presented in Figure 4.3.1 below.

Deviations of observed from fitted
using data of all years 1979-1281
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We observe some oscillations in the deviations about the zero line in the
years 1989 to 1982. The deviations for the year 1992 appear almost
symmetric about the zero line, whereas the deviations for 1991 are
mostly positive, the deviations for 1990 mostly negative and those for
1989 almost symmetric.

So, when we remove the payments in 1992 from the estimation of the
model we may expect the estimate of average trend (inflation) to increase
slightly. Removal of 1991 and 1992 is expected to decrease the average
trend and removal of 1990, 1991 and 1992, is not easy to call but we do
not expect the estimate to change significantly.

We now present the validation and stability analysis results.

TAELE 4.3.1
Years in Inflation Trend estimate along
Estimation estimate develop yrs. 4-8
(%) (%)
(i) 1979-1992 12.77+£3.93 -59,63+10.42
(ii) 1979-1991 13.83+4.28 -63.52+11.26
(iii) 1979-1990 11.68+4.54 -65.78+12.19
(iv) 1979-1989 _14.18x4.63 -65.14+13.09
TABLE 4.3.2
" ~ Years in Estimate of resultant Folecest
Estimation dev. yr. trend 4-8 {mean=xs.e.)
(%) M
(i) 1979-1992 -46.76+ 9.59 202+£53
(ii) 1979-1991 -49.69+10.57 212+62
{iii) 1979-1990 -54.10x11.76 164+£52
(iv) 1979-1989 -50.97+12.87 222+82

Note that both the inflation and development year parameters are
statistically stable. In case (iii), since we assume a much lower mean
trend for the future, the mean forecast drops considerably. This
essentially results from excluding one high year 1991 from the estimation
and including one low year 1990 in the estimation.
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So, what assumption do we invoke for the trends along the future
payment/calendar years? We determined the past trend to be essentially
stable. Three years earlier, at year end 1989, had we assumed a similar
trend, 14.18% +4.63%, we would have forecast accurately the
experience of 1990, 1991 and 1892 and our estimate of the outstanding
liability beyond 1992 would not have been statistically different.

It is therefore reasonable to assume for the future 12.77% +3.93%, as in
case (i). That is, actual trend in the future is a random value from a
normal distribution with mean (average) 12.77% and standard deviation
3.93%. This implies that the mean payment in the future is not derived
by just using a trend of 12.77%. Inflating the payments by 12.77% will
yield the median payment not the mean payment. The mean payment is
obtained by using inflation of 12.77% + % x (3.93%)% = 12.85%.

Consider case (iv) where the model is estimated at year end 1989. Figure
4.3.2 below displays the deviations of observed from the fitted trends for
the years 1979-1989 and the deviations (prediction errors) of the
observations from the predicted trends for years 1990 to 1992. Note
that the deviations from fitted for the years 1990 to 1992 in Figure 0.7.1
are very similar to deviations (prediction errors) from predicted for the
years 1990 to 1992 in Figure 4.3.2.

Deviations of observed from fitted/predict
using data of 1979-1989 years only
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The model as at year end 1989 also predicts normal distributions for the
deviations of the (log) observations from predicted trends for the years
1990-1292. Figure 0.7.3 below displays a normal probability plot of the
deviations (prediction errors) for the years 1990-1992, as at year end
1988.

Normal Probability Plot
of deviations (pred. erors) 1990-1332
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Figure 4.3.3

So there is considerable evidence that the predicted deviations for the
years 1990-1992 are values selected at random from the predicted
normal distribution.

Most importantly, all our calculations about the future are conditional on
our assumptions for the future remaining true. For example, the
assumption regarding future payment/calendar vyear inflation is
12.77% £3.93%. If, in some years in the future, inflation turns out to be
28%, say, then our assumption is violated and our subsequent
calculations do not apply. This is analogous to seeing an almost straight
road out the back window, but the road may not remain as straight in the
future.
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4.4

Myth 3

Increase in incremental payments is associated with increase in speed of
closures (finalisations) of claims.

Often the contrary of the above statement is true. Figure 4.4,1 below
displays the residuals of the statistical chain ladder applied to the
incremental paid losses of CTP NSW for AMP General Insurance. Note
there is a favourable trend in the early years and thereafter a relatively
stable trend. In 1987 the payments are relatively lower.

AMP General Insurance
Ralative trends in pald losses
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Figure 4.4.1

Figure 4.4.2 displays the relative payment/calendar year trends for the
closed claim counts.

MNote:

{i) Higher closures do not imply higher payments.
(ii) Closed claim counts are less stable than the paid losses in terms of
trends.
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AMP General Insurance
Ralativa trands in clogad claim counts
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Myth 4

Closed (finalised) claim counts have more stable trends than incremental
payments and are so better predictable.

Displays 4.4.1 and 4.4.2 demonstrate that the incremental paid losses
have more stable trends than the closed claim counts and so are better
predictable. Indeed, according to the author’s expeience, it is rare that
closed claim counts have stable payment/calendar year trends.
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5.0

5.1

STABILITY, ASSUMPTIONS ABOUT FUTURE JENSEN'S INEQUALITY
AND PREDICTAEBILITY

In this section we discuss related issues of trend stability, assumptions
about the future and Jensens’ inequality.

Stability

Returning to our example of Section 4.3, we ask the question whether at
year end 1989 our completion of the rectangle should be materially
different from completion at year end 1992. The answer, as was
demonstrated, is in the negative since trends, especially in the payment
year direction are stable. (Applying the Harvey motor car analogy, the
road was essentially straight).

We illustrate with another four examples. (There are numerous others that
occur in practice.)

Example 1: Suppose payment year trends (after adjusting for trends in
the other two directions) are as depicted in Figure 5.0.1 below. The
trend is stable and suppose its estimate is 10% + 2%. How do we
know that the trend is stable? Well, as we remove the more recent
payment years from the estimation, the estimates of trends do not change
(significantly). For example, after removing 1920 and 1991, the estimate
of trend is 9.5% + 2.1%, say. Alternatively, we could estimate a new
trend parameter from 1989-1991 and examine whether the trend has
changed significantly.

SasE




115

11

103

10

9.3

- Stable trehds

e e e A e T oo s

i

. ?“”‘g@"‘”
e b T L
S e
e R e e i

? | e Bl sm, hﬁﬁ - ? g
b o~ ry
s 2 e 2 5

: i 1 = 3 i f e
g e e

e - # oy . -
; B bew g oty e ALY o U rtitrs

1976 1977 1373 1¥T® 1980 9E1 1982 1933 1984 196% 1986 19E7

Figure 5.0.1
Typically, if the payment/calendar year trend is stable, the model will also
validate well. Here our estimates of outstanding payments do not change
significantly as we omit recent years.

Example 2: Consider the payment year trends depicted in Figure 5.0.2
below.
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The trend in the years 1976 to 1989 is relatively stable. Its estimate is
10% + 2%, say. However, the trend from 1989 to 1990 is higher at
15% (+ 1%) and from 1990 to 1991 it is -4% (+ 1.3%), say. This
information is extracted from the "optimal® statistical model. The shifts
in trends is a property of the data (determined through the model). A
question now emerges as to which trend assumption do we make for the
future, first in the absence of any other information. It would be
foolhardy to assume the estimate between the last two years of -4% +
1.39%. The most reasonable assumption (for the future) is @ mean trend
of 10% with a standard deviation of 2%, that which was estimated for
the years 1976-19889.

Suppose we also have access to another data type, the number of closed
claims development array. We find utilising the modelling framewaork that
the additional 5% above the 10% between 1989 and 1990 can be
explained by a corresponding increase in speed of closures of claims and
the -15% from 1990 to 1991 below the 10% from 1976-1989 can be
explained by a corresponding decrease in the speed of closures of claims.
What assumption about future trends in payments should we adopt then?
| would still recommend 10% + 2% for the future. That's a decision
based on my judgement and experience. The instability in trends in the
last few years means that the model will not validate well. At year end
1990, we would not have forecast the distributions for 12991, for
example.

Example 3: It is possible to have a transient change in trend. Consider
Figure 5.0.3. The business has been moving along 10% + 2% but
between the last two calendar years 1990 and 1991 the trend increases
to 20% + 3%. What do we assume for the future? Well, that depends
on the explanation for the increase in trend. Suppose its a "transient”
change that can be explained by a new level of benefits that apply
retrospectively. Then it is reasonable to assume 10% + 2% for the
future. Suppose instead that subsequent to analysis of claims closed
triangle, the trend change is explained by increase in severities. That's a
problem, because this means that it is now more likely that the new trend
will continue,

-35-




Transient change in trends
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So the decision making process about the future becomes more
complicated when trends are unstable. We are talking about trends in the
(incremental) payments not age-to-age link ratios.

The last example illustrates an ‘unpredictable’ loss development array.

Example 4: The payment year trends are depicted in Figure 5.0.4 below.

Major instability in trends
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5.2

Mote the instability in the trends. At year end 1989, would anyone be
able to predict a flat trend for the next year and a downward trend for the
following year?

Here, maybe, one could calculate § , a weighted average of trends

estimated in the past with a weighted variance & and assume for the

future a mean trend of i with standard deviation of trend &. Since &
will be relatively large, mean forecasts will be well above the median
forecasts and the standard deviation of the distributions will be relatively
large.

It is instructive to relate the foregoing discussion with the quote from
Harvey [9] given at the end of Section 2.2.

Assumptions about the Future and Jensen’s Inequality

We demonstrated in Section 5.1 that if payment/calendar year trend has
been stable, then the assumption about the future trend is relatively
straightforward, although we may not be absolutely sure how long the
trend may continue. It may be helpful to determine what factors are
driving the trend, in order to make appropriate assumptions about the
future. This determination may be based on analysing data types other
than the paid losses and knowledge of the business.

If on the other hand, payment/calendar year trend has been unstable, as
in examples 2 and 3 of Section 5.1, the nature of the instability, analysis
of other data types and business knowledge would be critical in
formulating assumptions about the future. Of course, business
knowledge should be combined with the objective facts in formulating
sound judgment.

Application of Jensen’s inequality tells us that the mean payment using a
variable inflation rate is higher than if we just inflate by the mean
inflation. Indeed, ignoring this result is dangerous, especially, if the
standard error of inflation is large.
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6.0

6.1

6.2

CTP NSW AGGREGATE EXPERIENCE
Background

The NSW Government established a new Scheme, which commenced in
July 1989, for compensating people injured as a result of the fault of
others in motor vehicle accidents. Compulsory Third Party Personal Injury
Insurance (or CTP) provides funds to compensate people injured in motor
vehicle accidents.

The Scheme includes the following features:

. Each registered owner of a vehicle in NSW is required to insure,
with an insurer licensed under The Motor Accidents Act 1988,

° Insurers are licensed under the Act and must file with the Motor
Accident Authority, at least once a year, a full set of premiums it
proposes to charge for third party policies.

The Scheme has only five years experience in its current form, and
accordingly the principal loss development arrays analysed have a
guarterly sampling period.

Relevant Findings Based on Probabilistic Models

The following findings are relevant:

1.  The incremental paid (loss) experience has a high inflation
(combined AWE + superimposed) rate of 8.42% <+ 1.38%
(continuous per quarter) since payment quarter year 2-91. The
inflation has been relatively stable, save for some seasonality.

2 The high inflation rate is pot explained by the speed of closures of
claims, although there has been a relatively small increase in

closure rates especially in the early development quarter years.

3. There is a small increase in the number of claims notified, but only
for the early development quarter years.
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6.3

4. The high trends (inflation) in the case estimates and incurred losses

parallel those in the paid losses.

5. There is some evidence that the tail in the incremental paid loss
experience is beginning to decay.

6. Projections of payments outstanding based on quarterly incremental
paid losses data are statistically the same as projections based on
yearly incremental paid losses data.

Inflation in the Paid Loss Experience
The graph presented below (Figure 6.3.1) depicts the relative payment

quarter year (diagonal) trends after adjusting the paid loss data only in the
development quarter year direction.

Industry- Paid Loss Experience
Depicts relative trends along payment (quarler) years
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Figure 6.3.1

From payment quarter 3-89 to 2-91 (first two years) there is a relatively
favourable experience.

Thereafter, the trend is relatively stable but very steep, indicating a high
level of inflation.
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6.4

Inflation in the Paid Losses and Claim Settlement Rates

Much of the high trend in the paid loss experience is not explained by the
trends (speed of closure) in the closed claim count experience. Figure
6.3.2 below depicts the trends along the payment quarter years
(diagonals) in the closed claim count experience,

Industry Closed Claim Count Experience
Depicts relative trends along payment (quarter) years
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Figure 6.4.1

Note positive trend in closed claims only from payment quarter 1-93 to 4-
93, which also partly explains the higher payments in those quarter years.
However, the higher payments in other years including 2-94 are not
explained by the speed of closures of claims. The trends in the closed
claim counts are not as high as those in the paid losses and are mainly in
the early development quarter years where payments are low.

Accordingly we now present two displays showing the relative payment

quarter year trends in the paid losses and the closed claim counts beyond
development quarter 4, respectively.
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Industry Closed Claim Count Experience
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We observe:
° Paid losses experience has more stable trend and accordingly is
better predictable.
® The trends in the paid losses are not positively correlated with the

trends in the closed claim counts.
The latter observation means that Taylor's See Saw hypothesis is valid:

"The faster claims are closed the less is paid per claim". As a result of
the validity of this hypothesis we expect the first observation to be true.

= A1




6.5

Validation Analysis and Stability of Inflation

We examine the behaviour of the estimated model as we remove payment
quarter years (diagonals) from the estimation process. The important
guestion is whether the model estimated one to seven payment quarter
years ago would have predicted the most recent experience.

If we estimate the best model a number of times, each time removing
more of the recent experience, the following results are obtained.

Table 6.5.1
Projections to quarter 20
CQuarter Trend Mean Standard
Years Estimate Forecast Error
used in Since 1-92
estimation (Inflation)
% 5M 5M
3-89 to 2-94 8.42 + 1.38 2,963 225
3-89 to 1-94 9.01 + 1.59 2,931 282
3-89to 493 | 10.25 + 1.56 3,459 393
3-89 to 3-93 9.94 + 1.82 3.236 461
3-89 to 2-93 8.24 4+ 2.09 2,664 457
3-89to 1-83 6.60 + 2.33 2,366 490
3-89 to 4-92 7.70 + 2.49 2,675 626
3-89 to 3-92 6.68 + 2.77 2,804 945

Changes in mean projections as years are removed from the estimation
process are closely reflected by the change in assumption as to future
"inflation”. The assumed future payment quarter year inflation is based on
that estimated since payment quarter year 1-92.

Note from Table 6.5.1 above, that had the best model been estimated at
payment (quarter) year end 3-92, the estimated total outstanding of
$2,804M+ $245M s statistically not different to $2,963M + $225M,
that obtained by the model using the experience to payment quarter year
end 2-94. Indeed, the two answers are remarkably close especially that
$2,804M + $945M is obtained after removing 56% of the most recent
experience.
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We now explore whether the model estimated at quarter year end 3-92
"predicts" the subsequent paid losses in payment quarter years of 4-92 to
2-94,

Figure 6.5.1 displays the deviations based on the model estimated at
payment quarter year end 3-92, For payment quarter years 3-89 to 3-92,
the deviations are the observed values minus the fitted values, whereas
for payment quarter years 4-92 to 2-94 (last seven payment quarter
years!) the deviations represent the prediction errors. It is remarkable
how the prediction errors for the last seven payment quarter years are
centred around zero.

Deviations based on model at 3-92
Deviation=prediction emor for 4-92 to 2-94 payment quarters
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Figure 6.5.1

Figure 6.5.2 presents the prediction errors for payment quarter years 4-92
to 2-94 based on the model estimated at year end 3-92. Note the slight
curvature due to higher payments in 3-93 and 4-93 and lower payments

in 1-94,
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Prediction errors
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Finally, the normality plot for the prediction errors of observations in
payment quarters 4-92 to 2-94, based on model estimated at payment
quarter year 3-92 is displayed below and one can see it is in good shape.
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m--.-J.-._q-.l.-..--:_.-.--J-..,...:_..--l-.---l----i-q.
1 L] (] L] ] L] L L]

B - T e e o e N -
i ] 1] i 1 ] i

=y

001 = H======== R L | T Py
1 i ] 1 ] ' i i
45 25 A5 05 05 15 25 2%

Awerage: 00O EED
G1d Dav: 135361
LR T HiM

dnciereon- Carling Mormality Teal
A Bounred 0,484
prvaloa: 0224

Figure 6.5.3




6.6

By way of summary:

» The paid loss experience contains a high inflation rate not explained
by the speed of closures of claims.

° The high inflation rate has existed since 2-82 and has been
essentially stable, save for some seasonality.

° The model estimated at payment quarter year end 3-92, predicts
accurately the next seven quarter payment years experience and
yields the same outstanding claims estimate statistically as the
model estimated at quarter year end 2-94,

Premium and Future Inflation

If we apply the Harvey [9] motor car analogy, even though we have
identified an inordinate high inflation rate in the five year CTP experience,
we are not guaranteed it will continue. Indeed, given that the principal
reason for the inflation is a continued trend towards litigation as an
avenue by claimants for higher award payments one would expect and
hope to reach ‘saturation’ in the near future.

In any event, the current pure premium of approximately %190 (per
vehicle), as advised by a number of actuarial consultants is substantially
too low. Assuming a discount rate of 10% - 11% p.a., it could only be
substantiated by a less than 4% combined AWE + Superimposed
inflation in the future, and moreover we would have to ignore Jensen’s

inequality.

The principal reason for the high inflation seems to be a continued trend
towards litigation as an avenue by claimants for higher award payments,
although some practitioners are arguing that the inflation is principally
driven by increase in speed of closures of claims.
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7.0

CONCLUSIONS

We have argued that the four components of interest regarding a loss
development array are the trends in the three directions and the
distributions of the deviations (random fluctuations) about the trends.

A MODELLING FRAMEWORK was introduced where each model
contained therein possesses the four components of interest. The
modelling approach offers the actuary a way of fitting (estimating)
distributions to the cells in a loss development array and predicting
(forecasting) distributions for future vyears that affords numerous
advantages including:

L simplicity;

L clarity of assumptions;

° testing of assumptions;

. assessment of loss reserve variability;
o asset/liability matching;

. model maintenance and updating.

We showed how the identified optimal statistical model for the
{incremental) payments conveys information about the loss experience to
date. In applying the model to predicting distributions of future payments
the actuary may (need to) adjust some of the parameters to reflect
knowledge about the business and to incorporate his view of the future.
View of the future may be based on analysis of other data types,
especially if there are instabilities in the trends in the paid losses in the
recent payment years.

A prediction interval computed from the forecast distributions is
conditional on the assumptions made about the future remaining true.

In passing we have debunked a number of pervasive loss reserving
perceptions concerning data types, age-to-age link ratios, stability,
forecasting and regression.

Methods based on age-to-age link ratios do not (and cannot) separate
trends from random fluctuations and moreover do not satisfy the basic
fundamental property of additivity of trends.
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(The person in the back seat does not have supernatural powers).

In the loss reserving context, the ’straight stretches’ are the stable trends
in the (incremental) payments. If the trends have been stable in past
years, we are confident (but not absolutely sure) in supposing the same
trends in the future. This almost perfect analogy will be used throughout
the paper.

The mechanisms by which claim sizes, frequencies and delays are
génerated are invariably complex. When a model is constructed, it is not
intended to be an accurate description of every aspect of the claims
processes. The aim is to simplify the underlying processes in such a way
that the essential features are brought out. According to Milton Friedman
[71: ‘A hypothesis is important if it ‘explains’ much by little...”. Similar
views are expressed by Popper [13]; ‘Simple statements... are to be
prized more highly than less simple ones because they tell us more;

"~ because their empirical content is greater, and because they are better

testable.’

From the statistical point of view, the key feature of a simple model is
that it contains a small humber of parameters. This is known as the
principle of parsimony. Moreover, a simple model is testable. There is no
need to model every basic element of the claims process. Instead, we
construct a simple model that identifies the trends and deviations (random
fluctuations) about the trends in the (aggregate) payments.

It is useful to think of data (measurements) as comprising two
components: a signal or a message which is distorted by a second
component, termed noise. The signal is regarded as deterministic and the
noise as random. Therefore, a mathematical model of the data combining
both signal and noise is stochastic (probabilistic) and is called a statistical
model.

Another way of thinking of a statistical model is to consider the signal
component as a mathematical description of the main features of the
data, and the noise component as all those characteristics not ‘explained’
by the signal component.

Typically the mathematical description of the signal involves several
unknown constants, termed parameters. '
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In the loss reserving context the signal itself has three components of
interest, viz., the trends in the three directions, development vyear,
accident year and payment/calendar year of a "loss development array”
described in Section 1.2. For each direction there are trend parameters.
The fourth component is the noise, equivalently, the random fluctuations
or deviations about the trends. The random fluctuation component is just
as important as the three trend components and is necessarily an integral
part of the model. The data or transform thereof are decomposed thus:

DATA = TRENDS + RANDOM FLUCTUATIONS

The concept of trends and random fluctuations about trends is over two
hundred years old. These concepts have been widely used in analysing
(and forecasting) univariate time series such as sales, stock market
prices, interest rates, consumption, energy and so on.

The principal aim of analysing a loss development array is to estimate the
trends in the past, especially in the payment/calendar year direction, and
determine the random fluctuations about the trends. In this way it can be_
best judged which assumptions should be used for future trends (and
random fluctuations). n The probability distributions of the random
fluctuations are also computed.

IF THE TRENDS IN THE DATA ARE STABLE THEN THE (OPTIMAL)
MODEL WILL VALIDATE WELL AND BE STABLE. If the trends in the data
are unstable then the decision about future trends is no longer straight
forward. Instability in trends with little random variation about the trends
makes data less predictable than stable trends with much random
fluctuation. See Sections 4.2 and 4.3 for real life examples.

The ‘best’ identified model contains assumptions (equivalently,
information). All the assumptions must be tested to ensure they are
supported by the data (experience).

As we proceed through the model identification strategy we are
extracting information (about trends and stability thereof and the amount
of random variation) and we ‘hope’ that the 'best’ identified model tells
us that the calendar year trend in the data is stable (especially more
recently). If trends are not stable then we may not necessarily use the
optimal statistical model for forecasting. See Section 5.0.
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0.4

None of the numerous models contained in the MODELLING
FRAMEWORK actually represent explicity the underlying claims
generating processes. The multitude of variables involved in generating
the claims are invariably complex. What we attempt to achieve is the
identification of a parsimonious model in terms of the simple components
of interest for which all the assumptions inherent in the (probabilistic)
model are supported by the data. It is subsequently argued that the
experience (data) can be regarded as a sample (path) from the identified
probabilistic model. The multitude of variables that are the determinants
of the claims processes are proxied by the TRENDS and the (residual)
variance of the RANDOM FLUCTUATIONS.

The principal advantage of an explicit statistical model is that it makes the
assumptions clear. Other advantages include improved accuracy and
quantification of variability required for assessment of risk based capital
and testing of solvency.

Loss Reserving Myths and Uncertainty

We debunk a number of loss reserving myths by employing simulation
studies and a number of real life examples. In spite of the critical
importance of loss reserving in insurance, the statistical foundations are
not well understood by many insurance experts. Misstatements and
fallacies regarding loss reserving and related concepts are pervasive,
ranging from insurance courses in the classroom to insurance cases in the
courtroom.

Myth 1

If we know the (exact) probabilistic model including the values of the
parameters generating the paid losses, there is no variability or
uncertainty.

Reality 1

There is variability or uncertainty even when we know the exact
probabilistic model generating the losses. (Recall the die rolling eXampIe).
This variability (uncertainty) is called process variability (uncertainty). See
Section 3.1.




Myth 2

Variability or uncertainty is inversely proportional to the size of the
insurer’s exposure base.

Reality 2

There is no relationship. [t is only the process uncertainty (noise) that
may reduce with increasing exposure. In Section 4.2 we analyse an
experience of a large U.S. insurer with a large exposure base where the
paid loss experience has a major shift in trend, and accordingly there is
much uncertainty about the future. By contrast, in Section 4.3, we

. consider a company with a relatively small exposure base where the paid

losses fluctuate widely, BUT, the trend is relatively stable and so the
future experience is not as uncertain.

Myth 3

Large fluctuations in paid losses implies instability in trends and so the
future experience is very uncertain.

Reality 3

Large fluctuations may be due to the "random™ component, equivalently,
the "noise”, not an instability in trends. See Section 4.3 for a real life
example where the paid losses fluctuate widely but due to stability in
trends, the model estimated three years earlier would have "predicted”
the last three years experience and would have yielded the same
estimates statistically of the outstanding claim liabilities, as the model
estimated at valuation date. '

Myth 4

Escalation in payments is due to "claims closing faster™, and so less will
be paid later.




Reality 4

This is one of the "great lies” in loss reserving. Some insurance
practitioners have used this argument to explain the rapid escalation in
the claims experience for the new CTP NSW Scheme. See Section 6.0
for a description of the "relationship™ between aggregate payments and
closure rates in the CTP NSW industry experience, and Section 4.3 for
the "relationship” in the (individual) AMP General Insurance CTP (NSW)
experience.

Charles McLenahan, a distinguished U.S. Gl actuary in referring to Myth 4
remarked: '

"If | had a nickel for every time | heard this as an
explanation for increasing loss development factors, /
wouldn’t have nearly enough to cover the reserve
deficiency of the company which believes it. In
twenty-five years, the only situation in which | have
ever witnessed a material speedup of claims closure
was a company in liquidation. The teller of this
untruth is usually armed with various recently-
instituted changes in claims handling policies and
procedures which account for the change.”

Predictability is intimately related to the concept of uncertainty which
abounds in everyday business life. The various components or sources of
uncertainty or variability are discussed in Section 5.0.

Uncertainty (variability) is modelled in terms of probability (statistical)
distributions. There are four principal sources of uncertainty that are
interrelated. These sources of uncertainty determine the predictability of
the outstanding claim liabilities.

1. i r_random variation
This is called process uncertainty or process risk. It represents the

inherent variability in the process. We have no control over it and
cannot reduce it.
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Estimation error

A statistical model contains parameters that are estimated from
data. Due to sampling variation (noise) the parameters are not
known exactly.

Tren ili r lack ther

Based on Andrew Harvey’s car example in Section 0.3, uncertainty
about future trends is related to stability or lack thereof of past
trends.

Assumptions about future trends are based on identification of past
trends and other sources of information, including business
knowledge. See Section 5.0.

This type of uncertainty is commonly referred to as risk parameter
uncertainty and is intimately related to the next type of uncertainty.

The future ain’t what i

This source of uncertainty may be difficult to measure statistically,
but that does not mean we should ignore it. The future may be
very different to the past. A pricing actuary working in 1975
would have had no way of predicting the explosion in pollution
liability claims that would have occurred in the 1980’s, in respect
of claims jncurred in 1975. However, had he been aware that
there is a strong probability that the environment, legal and
economic, may change, judgemental éhanges to the parameters of
the model, could have been made.

The quantification of the first three sources of uncertainty are
dependent on the information extracted from the historical
experience.

CTP NSW Industry Experience

The NSW Government established a new Scheme, which commenced in
July 1989, for compensating people injured as a result of the fault of
others in motor vehicle accidents. Compulsory Third Party Personal Injury
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Insurance (or CTP) provides funds to compensate people injured in motor
vehicle accidents.

The Scheme includes the following features:

° Each registered owner of a vehicle in NSW is required to insure,
with an insurer licensed under The Motor Accidents Act 1988.

. Insurers are licensed under the Act and must file with the Motor
Accident Authority, at least once a year, a full set of premiums it
proposes to charge for third party policies.

Applying the statistical modelling framework described in the paper, we
have determined an alarming claims escalation (deterioration) in the paid
losses that has existed for over three years.

The graph below displays the trends in the paid losses across the
payment quarter years from the September quarter of 1989 (3-89) to the
June quarter of 1994 (2-94). We observe a favourable experience (zero
trend) from 3-89 to 2-91. Thereafter, there is a distinct positive trend
estimated as 8.42% + 1.38% per quarter year. That is, 40% p.a.!

Industry- Paid Loss Experience
Depicts relative trends along payment (quarter) years
3
2 E
2 4 E
8 E
& 0F
5 =
o-E
2
3B
89 90 91 92 93 94 85
Payment quarter year
¢ Deviations
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The alarming trend has existed for over three years, so that, if the
‘optimal’ statistical model is estimated at payment quarter year end 3-
92 (omitting the 4-92 to 2-94 paid losses), for example, it "predicts” the
paid losses for the payment quarter years 4-92 to 2-94 and yields
statistically the same outstanding paid losses, as the model estimated at
payment quarter year end 2-94! See Section 6.5 for detailed analysis.

The alarming deterioration in claims experience has resulted in substantial
underwriting losses for NSW based CTP business, in the current and
recent financial years. Some industry practitioners have attributed the
deterioration to "claims closing faster”. That this contention (Myth 4) is
not supported by the experience is demonstrated in Section 6.4.

If we apply the Harvey [9] motor car analogy, even though we have
identified an inordinate high inflation rate in the CTP experience, we are
not guaranteed it will continue. Indeed, given that the principal reason for
the inflation, is a continued trend towards litigation as an avenue by
claimants for higher award payments, one would expect and hope to
reach ’saturation’ in the near future. A downward adjustment to the
future trend ought to be made to reflect the fact that the legal
environment will stabilise.

In any event, the trends arising from the deterioration in claim costs have
only been marginally factored into the current pure premium (before
allowing for expenses, profit margins and other contingencies) of $190
(per vehicle). Assuming a discount rate of 8% - 10% p.a., it could only
be substantiated by a less than 4% p.a. combined AWE + Superimposed
inflation in the future.

In my view, unless there are major upgrades to the ‘industry pure premium‘
and to the provisions carried by companies writing this line, then losses

will continue and are indeed likely to increase.

The companies that are inadequately reserved are attracting taxes on
profits that are very unlikely to emerge.

Section 6.0 of the paper presents more detailed analysis of CTP NSW.
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0.6

Organisation of the paper

The problem of estimation of outstanding claim liabilities including
accounting concepts is discussed in Section 1.0. Probabilistic concepts
and statistical models in general are presented in Section 2.0.

The probabilistic modelling framework is introduced in Section 3.0 with a
few simple examples using simulated data. The difference between
process uncertainty and estimation error is illustrated. Model validation,
stability and updating are also discussed.

In Section 4.0 we describe a number of loss reserving myths that are
related to the measurement of uncertainty. The myths are debunked
using real life examples. Formulation of assumptions about the future
based on extraction of information from the historical experience,
business knowledge and judgment are discussed in Section 5.0.

In Section 6.0 we use the statistical modelling framework to analyse the
NSW based CTP experience, in order to illustrate the power and flexibility
of the statistical methodology. We also show that the CTP experience is
subject to an alarming claims escalation rate.




1.0

1.1

1.2

THE PROBLEM

One of the major challenges to the General Insurance (Gl) actuary is the
estimation of the necessary financial provisions for the unpaid
outstanding claim liabilities of an insurer to claimants. The determination
of the provisions is essential to the long term management of a Gl
company. Accurate assessment is required for solvency considerations,
as well as premium setting.

Outstanding claims

A GI policy is a short term contract, usually one year. However, the
insurer’s liability may not necessarily cease at the expiry of the (one year)
risk period.

For a 'long tail’ line of business there are delays between the time period
for which insurance protection is afforded (risk period) under the policy,
and the actual claim payments. Accordingly, the insurer may take many
years to discharge its obligations assumed under the policy.

An insurer’s outstanding claim liabilities at a given date are the amounts
which it is liable to pay, after that date, for claims which arose on or
before that date.

We define the ‘accident year’ as the ‘year of origin’ in which the incident
leading to a claim occurred. The year'in which a payment is made is
referred to as ‘payment year’ and the difference between ‘payment year’
and ‘accident year’ is referred to as the ‘development year’.

Each ‘accident year’ gives rise to a stream of payments in emerging
years.

Triangulation (Loss Development Array)
The claim experience of an insurer in respect of a particular class of

business can be summarised in a run-off triangle exemplified below.
'Year of origin’ is the year in which the incident leading to a claim occurs.




1.3

1.4

Incremental Paid Losses ($OOQ)

Year of Development year (Delay)

Origin 0 1 2 3 4
1990 580 1079 131 80 25
1991 494 993 118 91

1992 551 1060 129

1993 648 1312

1994 746

The diagonals in the array represent the payment years. For example, in
respect of claims originating in 1992, payments totalling $129,000 were
made in 1994 (development year 2).

Run-off triangles for other (aggregate) data types including number of
claims notified, number of claims closed and case estimates can also be
created.

The objective is to complete the rectangle in order to compute the total
ultimate incurred cost for each year of origin (accident year).

Accounting Concepts

In order to understand the necessity for the estimation of outstanding
claim liabilities, it is helpful to have a conceptual understanding of the
basic accounting principles applicable to insurers.

The accounting process produces two important statements, the balance
sheet and the income statement, that document the financial position and
performance of a firm respectively. The reliability and usefulness of both
these statements are dependeht on the accuracy and interpretation of the
provisions (for outstanding claim liabilities) shown in the insurer’'s
accounts.

Accrual basis of accounting

The accrual basis of accounting recognises revenue as it is earned.
Likewise, costs are reported as expenses in the same period as revenues
giving rise to these costs are recognised. This results in an income
statement that more appropriately matches costs with appropriate
revenues.




1.5

1.6

1.7

1.8

Provision

An outstanding claim provision is an amount set aside in the insurer’s
accounts, to provide for outstanding claim liabilities.

The Balance Sheet and Underwriting Statement

The balance sheet reports on the financial position of the firm at a
specific point in time. It shows the levels of assets and liabilities, and the
status of the shareholders’ equity, or surplus, for the insurer.

Assets = Liabilities + Shareholders’ Equity

The liabilities include the outstanding claims liabilities defined in Section
1.1. Through common usage the term "loss reserve” or "claims reserve”
has come to denote the Gl company’s provision in the balance sheet for
its outstanding claims liability.

In the Underwriting statement

Incurred Claims = Paid Losses + End of year Loss Reserve
- Beginning of year Loss Reserve

The Incurred Claims are the total claim costs incurred in the underwriting
year. The Paid Losses represent the total payments made in the

underwriting year, in respects of claims incurred in the current and all

prior underwriting years.

Solvency and Income

Any change in the (financial) provisions in the accounts have a direct
impact on Shareholders’ Equity and accordingly solvency, and Incurred
Losses and accordingly income.

Loss (claims) reserving

Loss or claims reserving is the process of estimating the amount of the
company’s outstanding claim liabilities.




2.0

LOSS (CLAIMS) RESERVING METHODS

The basic goal of this paper is to introduce and describe a unified
statistical approach to loss (claims) reserving with its principal advantages
and benefits. At the core, is the paradigm shift, from the non-statistical
standard actuarial techniques to the statistical actuarial techniques.

In spite of the critical importance of loss reserving in insurance, the
statistical foundations are not well understood by many insurance
experts. Misstatements and fallacies regarding loss reserving and related
concepts are pervasive, ranging from insurance courses in the classroom
to insurance cases in the courtroom. '

Paradigm Shift on the Port Bow

The following true story of a naval cammander’s brush with a new reality occurred
some years ago during US navy practice manoeuvres. The ship in question was
steaming just after dark in heavy fog when a light was reported by a lookout.

The captain ordered his signalman to flash the message "We are on a collision course.
Advise you change course 20 degrees’. The reply came back through the fog,
‘Advise you change course’.

The next signal said 'l am a captain. Change course 20 degrees’. The reply was |
am a seaman, 2nd class. You had better change course’.

The captain, now infuriated, sent back, ‘I’'m a battleship. Change course 20 degrees’.
The reply? ‘I’'m a lighthouse’.

Stephen R. Covey [5]

The statistical approach to loss reserving requires a totally different
perception and/or framework. It requires a paradigm shift.

Celebrated actuaries have suggested "statistical thinking" as the principal
approach to solving Gl problems.

in his Presidential address (Institute of Actuaries, London) in 1888,
William Sutton expressed the wish that insurance offices other than life
offices should benefit from the practical application of the doctrine of
probabilities.
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More recently, the celebrated American actuary Arthur Bailey, in spite of
his mathematical cum statistical brilliance, had a way of presenting ideas
so lucidly that even lay people could get his message. For example, in his
1942 paper, "Sampling Theory in Casualty Insurance”, he said:

"Thus the losses paid by an insurer never actually reflect the hazard
covered, but are always an isolated sample of all possible amounts of
Josses which might have been incurred. It is this condition, of never
being able to determine, even from hindsight, what the exact value of the
inherent coverage was, that has brought the actuary into being."”

Claims Processes

The mechanisms by which claim severities, frequencies and delays are

generated are invariably complex. When a model is constructed, it is not
intended to be an accurate description of every aspect of the claims
processes. The aim is to simplify the underlying processes in such a way
that the essential features are brought out. According to Milton Friedman
[8): ‘A hypothesis is important if it ‘explains’ much by little.... . Similar
views are expressed by Popper [14]: 'Simple statements... are to be
prized more highly than less simple ones because they tell us more;
because their empirical content is greater, and because they are better
testable’.

From the statistical point of view, the key feature of a simple model is

that it contains a small number of parameters. This is known as the
principle of parsimony. Moreover, a simple model is testable.

The purpose of constructing a statistical model is to systematically
account for as much of the variation in the observations with as few
parameters as possible.

The "essential features™ of the data in the loss reserving context are the
trends and the random fluctuations about the trends. We decompose the

data thus:

Log ‘payments’ = Trends + Random Fluctuations
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Another way of thinking of this statistical model is to regard the Trends
as a mathematical description of the main features of the data and the
Random Fluctuations (or error or noise component) as all of those
characteristics not ‘explained’ by the Trends. All the complex
mechanisms involved in generating the data are implicitly included in the
model as creating the Trends plus the residual variance in the Random
Fluctuations.

The final identified model that ‘explains’ the data does not represent
explicitly the underlying claims generating process. The model has
probabilistic properties for which the data may be regarded as a sample
(path) from it. Another classical modelling example in insurance where
the same kind of modelling concepts are used is when we fit a Pareto
distribution, say, to loss sizes. We do not assume that the Pareto
distribution represents the underlying generating process. Whatever is
driving the claims is very complex and depends on many factors. All we
are saying is that our experience (sample) can be regarded as a random
sample from the estimated Pareto distribution. The estimated Pareto
distribution describes the variability in the loss sizes.

Statistics, Statistical Models and Forecasting
The best way to suppose what may come, is to remember what is past.
George Savile, Marquis of Halifax.

In this section we discuss a number of fundamental statistical forecasting
concepts including which salient features of the data should be used to
"remember what is past”.

Statistics can be defined as the art and science of gathering, analysing
and making inferences from data. Statistics is the study and modelling of
variability and uncertainty.

The basic principles of statistical inference necessarily involve
probabilities. Indeed, statistics is primarily concerned with the application
of probability theory to data. The statistical approach to modelling is
based on the construction or estimation of a probabilistic model. The
model does not necessarily represent the underlying generating process of
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the losses. Whatever generates the losses is complex and depends on a
myriad of factors. Instead, the statistical model is simple, and defines the
probabilistic mechanisms (or laws) which are regarded as being capable of
having produced the data (observations). If the model were to generate
several sets of data (or observations), each data set would be different
but they would all obey the same probabilistic laws.

Forecasting

Indeed it (forecasting) has been likened to driving a car blindfolded while
following directions given by a person looking out the back window.
Nevertheless, if this is the best we could do, it is important that it should
be done properly, with the appreciation of the potential errors involved.
In this way it should at least be possible to negotiate straight stretches of
road without a major disaster.

Andrew C. Harvey [10]

In the loss reserving context the ’‘straight stretches’ are the stable trends
in the (incremental) payments. If the trends have been stable in past
years, we are confident (but not absolutely sure) in supposing the same
trends in the future. This almost perfect analogy will be used throughout
the paper.

Predictability, as will become apparent, is intimately related to stability of
trends. ‘ '




3.0

3.1

PROBABILISTIC MODELS
We use probabilistic models to extract information from data. Based on:

| information extracted from the incremental paid losses development
array (triangle);

] information extracted from other data types;
and
| business knowledge,

the actuary determines the most appropriate assumptions about the
future. Information extracted from the loss development arrays will
necessarily involve (i) validation analysis, (ii) stability analysis, (iii)
sensitivity analysis and (iv) ‘what if?’ analysis.

Example of A Statistical Model Generating A Loss Development Array
(Triangle)

We describe a (simple) probabilistic model representing the generation of
incremental paid losses in a loss development array (triangle).

Consider first, only one accident year, and denote by p(d) the incremental
paid loss in respect of development year d.

d : 0 1 L e s
pld) : p(0} p(1) p(2) ...... pls)

Assume p(d) is generated by the trend curve expi{a + yd), an exponential
curve. So,

y(d) = In pld)
= a + yd.

That is, yld), the logarithm of p(d) is generated by the constant trend line
a + yd. '




The parameter a (alpha) represents the intercept whereas the parameter y
(gamma) represents the slope or trend.

Note that logarithms are like percentages and are used to measure trends.
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Figure 3.1.2

Figure 3.1.1 depicts the exponential curve exp(a+yd) and Figure 3.1.2
the corresponding logarithm.




Hitherto, we have assumed that each y(d) value sits on the straight line
a + yd.

Suppose that in actual fact the observations y(d) fluctuate about the line
a + yd, such that positive fluctuations (deviations) are as likely as
negative fluctuations (deviations). Indeed, the deviations of y(d) about o
+ yd can be described by the symmetric bell-shaped normal distribution.
That is, the deviations or fluctuations follow a particular type of
probabilistic law, depicted in Figure 3.1.3.

The symmetric bell shaped curve about the trend line represents the
(relative) frequency of the deviations.

y(d]

Y

d
Figure 3.1.3
The model can now be written
yid) = a + yd + €(d), (3.1.1)

where the "error” or "deviation" e€(d) of y(d) from the straight line o +
yd is a random selection from a normal distribution with mean zero
(average deviation = 0) and variance o°, say. (The Greek letter, o,
denotes the standard deviation of the "deviations”).

10~




If we estimate (or fit) the above model to one accident year’s observed
experience we are not only estimating the straight line ¢ + ypd but also
estimating the normal distribution of the deviations of the observed from
the fitted line. The estimated normal distribution with means lying on the
estimated line define the probabilistic mechanisms which are regarded as
being capable of having produced the observations.

Note that the model assumes that the mean effective yearly trend (on the
$ scale) between any two development years is constant and equal to
exp(y) - 1. The mean continuous trend (like force of mortality, or force of
inflation) is represented by the parameter y. We call y a development
factor on a log scale.

Suppose now that this constant development year trend model (on a log
scale) applies to every accident year in the triangle with the same
parameters @, y and o~ for each accident year.

So what does this model containing only two mean parameters a and y ,
and one variance parameter o , assume about the observations in a
triangle?

Succinctly, it assumes complete homogeneity of accident years with a
constant trend along development years. Maore specifically,

(A1): The mean trend between any two development years is constant
and is the same for each accident year. Accident years are

homogeneous in respect of development year trends.

(A2): Accident years are homogeneous in respect of mean level. The
same parameter a applies to each accident year.

(A3): The deviations of the (log) observations from the trend line follow a
normal distribution with mean zero and constant variance o.

N.B. The distribution of the deviations, equivalently, the random
fluctuations, about the trend is an integral part of the model.
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The model decomposes the (log) observations into trend plus deviations
or random fluctuations.

DATA = TREND(S) + DEVIATIONS (RANDOM FLUCTUATIONS)

The above model contains very few assumptions (parameters). It is only
useful for projections if all the assumptions contained in the model are
supported by the data.

Violations of Assumptions

A constant trend along development years

The violation of this assumption can be detected diagnostically by
fitting (estimating) a constant trend to development years and
examining the graph of observed deviations (residuals) versus
development years for any residual trends.

For example, the display of observed deviations versus
development years in Figure 3.1.4 below exhibits non-randomness.
Therefore, the trend along development years is not constant.
Indeed, there appear to be four distinct trends.

Observed deviations versus development year
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Daviations

Accident years are homogeneous in respect of levels

The violation of this assumption can be detected diagnostically by
examining the graph of observed deviations (residuals) versus
accident years for systematic patterns.

For example, the display of observed deviations versus accident
years in Figure 3.1.5 below indicates a systematic pattern (trend).

Observed deviations versus accident year
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Payment/Calendar year trend is zero

The most important dimension or direction in the triangle is the
payment/ calendar year direction, equivalently, the diagonals in the
triangle. Model {3.1.1) assumes that the trend between any two
contiguous payment/calendar years is zero. The violation of this
assumption can be detected diagnostically by examining the graph
of observed deviations versus the payment years.
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Deviations versus payment year
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For example, the observed deviations in Figure 3.1.6 indicate
diagnostically a zero trend whereas the observed deviations in Figure
3.1.7 indicate diagnostically a positive constant trend.

Deviations versus payment year
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Figure 3.1.7

The most important assumption is concerned with the distribution of the
deviations. The distribution of the deviations is assumed to be normal
with mean zero and constant variance. This assumption must also be
tested.
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3.2

A Model with Three Inflation Parameters
The data in Appendix A1 to Appendix A9 are generated as follows.
First, we create payments based on the formula:
plw,d) = expla - 0.2*d).
That is, each accident year w is generated by the same exponential curve
with ¥ {(gamma) or decay factor equal to -0.2. The Greek letter a (alpha)

represents the intercept, level or (log) "exposure”. See Appendix A1 for a
display of the data.

TRENDS

~

1978
0.1

0.3

0.15

1982

1983

1991
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On a log scale we introduce payment/calendar year trends thus: 10%
trend from 1978-82, 30% trend from 1982-83 and 15% trend from
1983-91. The logarithms of the payments with these trends are given in
Appendix AZ.
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Development year trends
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Figure 3.2.1

Figure 3.2.1 displays the graph of the log paid losses versus development
vear for the first six accident years.
Appendix A2).

(The log paid losses are presented in

Observe how payment/calendar year trends project onto development
yvears and accident years. Each of the first six accident years has a
different run-off development.

Consider the first accident year 1978. The 10% calendar year trend
projects onto the development year, so that the resultant trend from
development year O to development year 4 is -0.2 (the gamma) + .1 (the
payment year trend)= -.1. The 30% trend between calendar years 1982
and 1983 also projects onto the development year so that the trend
between development year 4 and 5 is -0.24+0.3= +0.1. Thereafter the
trend is -.2+.15=-.05. Since .15 is larger than .1, the resultant decay in
the tail is less rapid (-.05>-.1).
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Consider the next accident year 1978. First up to development year 3,
this accident year is 10% higher than the previous one since the 10%
calendar year trend also projects onto the accident years. The 10%
upward trend is one development year earlier than in previous accident
year since the 30% trend is a calendar year change.

So, changing payment/calendar year trends can cause some interesting
development year patterns. The run-off pattern is different for each
accident year. The calendar year trends cannot be determined by the link
ratios (age-to-age development factors) displayed in Appendix A4.

The patterns became much more complicated in the presence of random
fluctuations superimposed on the trends.

The model describing the data we have constructed can be represented
pictorially thus:

Figure 3.2.2

where y=-0.2, +,=0.1, 1,=0.3 and 7,=0.15. The Greek letter s (iota)
represents a trend or inflation along payment/calendar years.

Writing the eguations explicitly is not necessary. Indeed, it is too
complicated.

7




We note that the resultant trend (age-to-age development factor) between
development years j-1 and j is the (base) development factor y between
the two development years plus the payment year trend / (iota) between
the two corresponding payment years,

We now introduce random fluctuations or deviations from trends.

To all the log "payments” in the triangle we add random numbers from a
normal distribution with mean zero. Equivalently, to the trends depicted
in Figure 3.2.1, we add random numbers from a normal distribution
displayed in Appendix A5. The sum of trends (Appendix A2) plus random
fluctuations (Appendix AB) is displayed in Appendix AB.

The graph of the first six accident years of the data in Appendix A6 is
given in the Figure 3.2.3 below.
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Trends plus random fluctuations

Impossible to detedt changing trends by eye

Figure 3.2.3

NOTE that it is impossible to determine the trends and/or changes in
trends by eye or from the age-to-age link ratios of the cumulative
payments (Appendix A9). See Appendices A7 - A9. THE TRENDS CAN
ONLY BE DETERMINED BY USING REGRESSION.
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3.3

The incremental paid losses we have generated in Appendix A7 were
generated by five trend parameters (o , ¥, /;. I, , 13 ) and one variance
(noise, randomness) parameter ¢” .

Since the incremental paid losses possess a stable trend (15%) along the
payment years from 1983 to 1991 we would expect that the estimated
model will validate well and be stable. See Section 3.3. Basically, when
we look out the back window we determine that the road has been
straight for quite a long distance.

Model Validation and Stability

Suppose we generate a sample triangle using model (3.3.1) with selected
values of the three parameters a=10, y=-0.3 and o =0.4.

When we use the generated observations in the triangle to estimate the
parameters a, y and o, our estimates, due to sampling variation, will not
be identical to the actual selected values of the parameters.

What should we expect if we re-estimate the model from a sub-sample of
the triangle, say the triangle excluding the last three diagonals?

First, we would expect the estimates of the three parameters to be stable.
That is, the estimates based on the sub-sample should not be statistically
different to those based on the whole triangle. This is because when we
look out the back window of our car {(along the diagonals) we determine
that the road has been straight (stable {zero) trend) for many years.

Secondly, we would expect the estimated model based on the sub-sample
to accurately forecast the observations in the last three diagonals. When
we use the estimated model for forecasting we are projecting not only the
(average) trends for the future but most importantly the distribution of the
deviations of the observations from the trends. We would expect that the
observed deviations of the actual observations from the forecast trends to
be governed by the probabilistic mechanisms of the forecast distributions.
Moreover, the completion of the rectangle should be statistically non-
different to basing our projections on the estimated model from the whole
triangle.
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The following table displays results of estimating the model @ + yd + €
from a sample triangle.

TABLE 3.3.1

Estimate of
Payment yrs gamma
in Estimation % Forecast
1978-1994 -28.67£1.26 299,660+ 35,487
1978-1993 -28.58+1.46 303,980+37,885
1978-1992 -28.65+1.66 302,601 £ 38,843
1978-1991 -29.26+£1.95 304,711+42,149
1978-1990 -29.40+2.28 296,650+43,625

The true model for which =10, y=-0.3 and ¢°=0.4 yields a (true) mean
reserve forecast of 284,125 and a (true) standard deviation of 30,970.
The standard deviation of 30,970 is referred to as process uncertainty.
So,

EVEN IF WE KNOW ALL THE PARAMETERS OF THE TRUE
MODEL, THERE IS STILL UNCERTAINTY OR VARIABILITY

THIS 1S CALLED PROCESS UNCERTAINTY

We now give a summary of the analysis of the incremental paid losses
array generated by the probabilistic model of Section 3.2. The model
contains a stable payment year trend of 15% since 1983.

The model has four parameters, one ¢ = 11.51293, one y = -0.2, and
three inflation parameters /; = 0.1 for payment years 1978-82, /, = 0.3
for payment years 1982-83 and /; = 0.15 for payment years 1983-91.
The incremental paid losses array appears in Appendix A7.

The following table gives estimates of parameters and outstanding total
payments (i) using the whole triangle, (ii) using the triangle up to year end
1990, (iii) using the triangle up to year end 1989, (iv) using the triangle
up to year end 1988 and finally (v) using the triangle up to year end
1987. In case (v} we do not use over 50% of the data points.
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TABLE 3.3.2

Payment yrs Estimate of | Estimate of Forecast
in Estimation gamma (in tail) iota (since 1983) sM
% %
(i) 1978-91 -20.62+0.33 14.46+£0.46 23+0.9
(ii) 1978-90 -20.75+0.36 15.27 4+ 0.51 29+1.2
(iii} 1978-89 -20.86+0.42 15.12+0.64 25=+1.5b
{iv) 1978-88 -21.19+0.45 15.75+0.75 26+£2.0
(v) 1978-87 —31.31 +0.55 15.63+1.03 26+2.9
Case (v)
1978

1987

1821

D1 represents data points in the 1978-1987 payment years.

When we use the data set D1 to estimate the model parameters and then
project payments for payment/calendar years 1992-2004, we obtain the
same answer (26x2.9) statistically as when we use the whole triangle
(23+0.9), that is data points from 1978-1991. Moreover, at year end
1987 the estimated model accurately forecasts the distribution of the
deviations of the observed wvalues from projected trends for
payment/calendar years 1988-1991.

The identified model informs us that there is a stable trend in the data
since 1983.

3.4 Model Maintenance and Updating

Once a model has been identified up to year end 1993, say, one year
later at year end 1994, there is no need to analyse the history again. A
number of post-sample predictive tests are conducted and the model is
subsequently updated.

el




3.5

Consider the analysis in Section 3.3 of the data generated in Section 3.2,

At year end 1991 the model is stored. Next year, 1992, on receipt of the
1992 experience the same model is restored and zero weight assigned to
the 1992 experience, in order to determine whether the estimated model
at year end 1991 forecast the 1992 experience, and if not why not?

Which assumption is the culprit if the answer is in the negative? Is it, for
instance, that inflation between 1991 and 1992 is not 14.46% =0.46%.
The post-sample predictive testing is a type of forward validation analysis.

Family of Models

Hitherto, we have assumed a constant trend y (gamma) across
development years. This is often not the case. It is usually the case that
development year trends change in the early development years and
become constant somewhere in the tail. Hence, we need the flexibility to
determine the trends between every two contiguous development years
and whether they change significantly. Accordingly, the modelling
framework allows for a y; parameter between development years j-1 and

js

Similarly, the modelling framework allows for an inflation parameter s,
(iota) between payment year t-1 and payment year t and a level
parameter a, for accident year w. Each parameter is readily interpretable.

Development factors

i - trend between development years j-1 and j represents the
development factor (on a log scale) between development
years j-1 and j.

/ - trend between payment/calendar years t-1 and t represents
the inflation (superimposed inflation) between
payment/calendar years t-1 and t. If the data are adjusted by
some kind of CPl index then the trend represents
superimposed inflation, otherwise the sum of the two
effects: economic and social.
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Exposur
a, - level for accident year w represents the log "exposure”.

The model of Section 3.2 has one y parameter (constant base trend along
development years), one o parameter (one constant ‘exposure’) and three
iota parameters (inflation parameters). It also has a parameter o2 that
represents the variance of deviations about the trends. So, the paid
losses of Section 3.2 were only created by six parameters.
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4.0

4.1

LOSS RESERVING MYTHS AND UNCERTAINTY

In the present paper we debunk some persistent loss_reserving myths
including a number of misconceptions concerning uncertainty, We use
real life data to demonstrate our assertions.

Uncertainty

It is part of the actuary’s task to respond to uncertainty, both as a
technical matter and in the presentation of results.

There are a number of components of this uncertainty.

(i)

(ii)

(iii)

Process uncertainty (Noise or random variation)

Even if we know the (exact) probabilistic model including the
values of the parameters generating the paid losses, there is
variability or uncertainty. See model (3.3.1) and the discussion in
Section 3.3 for an example of process uncertainty. (If a coin, that
is unbiased, is to be tossed 100 times, we know the probabilistic
model generating the number of heads but we do not know how
many heads we will observe),

Estimation error or uncertainty

The parameters of a probabilistic model are estimated from the
historical experience. Accordingly, there is uncertainty associated
with the true values of the parameters. See Section 3.3.

Trend stability or lack thereof

Based on Andrew Harvey's car example in Section 0.3, uncertainty
about future trends is related to stability or lack thereof of past

trends.

Assumptions about future trends are based on identification of past
trends and other sources of information, including business
knowledge. See Section 5.0.
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4.2

This type of uncertainty is commonly referred to as risk parameter
uncertainty and is intimately related to the next type of uncertainty.

(iv)] The future ain’t what it used to be

This source of uncertainty may be difficult to measure statistically,
but that does not mean we should ignore it. The future may be
very different to the past. A pricing actuary working in 1975
would have had no way of predicting the explosion in pollution
liability claims that would have occurred in the 1980's, in respect
of claims incurred in 1975. However, had he been aware that
there is a strong probability that the environment, legal and
economic, may change, judgemental changes to the parameters of
the rmodel, could have been made.

An actuary working in 1975 would have had no way of predicting the
explosion in pollution liability that would have occurred in the 1880°s (in
respect of claims incurred in 1975).

Myth 1

Smooth data and/or smooth age-to-age link ratios means stability of trend
in (incremental) payments.

The principal objectives of the analysis of the real life data in this section
are to demonstrate that:

i Age-to-age link ratios (or development factors) based on the
cumulative paid losses give no indication about the trends and
random fluctuations in the (incremental) payments.

2. Smooth data may have major shifts in payment year trends.

3. A large company’'s run-off payments are not necessarily stable in
respect of payment year trends, even though the payments may be
extremely smooth (with very little random fluctuations about the
trends). So, even a large company with a large exposure base can
have significant problems.
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4.3

The data (save a multiplicate factor in order to preserve confidentiality)
come from a large insurer and are given in Appendix C1. Accident year
exposures, (from memory), represent earned premiumn (relativities). As
we shall see in the next section, the exposures are not that important.

The age-to-age link ratios presented in Appendix C2 are relatively smooth.
For the early development years they tend to decrease slightly in the
middle accident years and then increase in the latter payment years.

The graph below is that of the residuals of the (statistical) chain ladder
model. The model adjusts the data for the average trends between every
two contiguous development years and every two contiguous accident
years. We use the model as a powerful diagnostic tool to determine the
relative payment/calendar year trends. Note a major shift in trend around
1984-1985. The trend changes quite alarmingly from 8% to 16%.

Relative payment year trends

3
L
2 -
L
m o
= .| : & 4
£ Y : ° $
S W @ : *
IS S T .
= $ ol g 2
#7C L ; o
‘2 Il ] i i 'l i i 'l I} L il
1878 1878 1880 1882 1884 1865 1888
1877 1878 1881 1983 1205 1987

Payment yeare

Figure 4.2.1

Myth 2

Rough data and/or age-to-age link ratios means instability in trend in
incremental payments.

In the present sub-section we present some of the results of the analysis

of a real (incremental) paid loss development array which we name GLD1.
The exposure base is very small relative to example in Section 4.2.
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The paid losses, presented in Appendix E1, are rough (i.e., have much
variation), have rough link ratios or age-to-age development factors
(Appendix E3), YET the payment/calendar year trend is essentially stable.
Had we estimated the optimal model at year end 1989, we would have
forecast accurately the trends and the distribution of deviations about the
trends for the years 1990 to 1992, and moreover, the estimate of the
outstanding liabilities beyond 1992 would be statistically the same as
estimating the model to all the years at year end 1992.

S0, loss (claims) reserve myth number two of the next Section is
debunked, namely, rough paid losses and/or rough link ratios (age-to-age
development factors) imply payment year trend instability in the paid
losses.

It turns out that the identified optimal model has one (constant) trend
parameter along the payment/calendar years. The estimate of this
(average) inflation parameter is 12.77% + 3.93%.

A graph of the deviations (residuals) of the observed from the fitted
trends versus payment years is presented in Figure 4.3.1 below.

Deviations of observed from fitted
using data of all years 1979-1281
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We observe some oscillations in the deviations about the zero line in the
years 1989 to 1982. The deviations for the year 1992 appear almost
symmetric about the zero line, whereas the deviations for 1991 are
mostly positive, the deviations for 1990 mostly negative and those for
1989 almost symmetric.

So, when we remove the payments in 1992 from the estimation of the
model we may expect the estimate of average trend (inflation) to increase
slightly. Removal of 1991 and 1992 is expected to decrease the average
trend and removal of 1990, 1991 and 1992, is not easy to call but we do
not expect the estimate to change significantly.

We now present the validation and stability analysis results.

TAELE 4.3.1
Years in Inflation Trend estimate along
Estimation estimate develop yrs. 4-8
(%) (%)
(i) 1979-1992 12.77+£3.93 -59,63+10.42
(ii) 1979-1991 13.83+4.28 -63.52+11.26
(iii) 1979-1990 11.68+4.54 -65.78+12.19
(iv) 1979-1989 _14.18x4.63 -65.14+13.09
TABLE 4.3.2
" ~ Years in Estimate of resultant Folecest
Estimation dev. yr. trend 4-8 {mean=xs.e.)
(%) M
(i) 1979-1992 -46.76+ 9.59 202+£53
(ii) 1979-1991 -49.69+10.57 212+62
{iii) 1979-1990 -54.10x11.76 164+£52
(iv) 1979-1989 -50.97+12.87 222+82

Note that both the inflation and development year parameters are
statistically stable. In case (iii), since we assume a much lower mean
trend for the future, the mean forecast drops considerably. This
essentially results from excluding one high year 1991 from the estimation
and including one low year 1990 in the estimation.
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So, what assumption do we invoke for the trends along the future
payment/calendar years? We determined the past trend to be essentially
stable. Three years earlier, at year end 1989, had we assumed a similar
trend, 14.18% +4.63%, we would have forecast accurately the
experience of 1990, 1991 and 1892 and our estimate of the outstanding
liability beyond 1992 would not have been statistically different.

It is therefore reasonable to assume for the future 12.77% +3.93%, as in
case (i). That is, actual trend in the future is a random value from a
normal distribution with mean (average) 12.77% and standard deviation
3.93%. This implies that the mean payment in the future is not derived
by just using a trend of 12.77%. Inflating the payments by 12.77% will
yield the median payment not the mean payment. The mean payment is
obtained by using inflation of 12.77% + % x (3.93%)% = 12.85%.

Consider case (iv) where the model is estimated at year end 1989. Figure
4.3.2 below displays the deviations of observed from the fitted trends for
the years 1979-1989 and the deviations (prediction errors) of the
observations from the predicted trends for years 1990 to 1992. Note
that the deviations from fitted for the years 1990 to 1992 in Figure 0.7.1
are very similar to deviations (prediction errors) from predicted for the
years 1990 to 1992 in Figure 4.3.2.

Deviations of observed from fitted/predict
using data of 1979-1989 years only
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Figure 4.3.2
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The model as at year end 1989 also predicts normal distributions for the
deviations of the (log) observations from predicted trends for the years
1990-1292. Figure 0.7.3 below displays a normal probability plot of the
deviations (prediction errors) for the years 1990-1992, as at year end
1988.

Normal Probability Plot
of deviations (pred. erors) 1990-1332
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Avarage: -0.158468 Andarson-Darfing Normality Test
Std Dav: 1.17808 A-Squared: 0.380
Mof data: 26 pvaive: 0.378

Figure 4.3.3

So there is considerable evidence that the predicted deviations for the
years 1990-1992 are values selected at random from the predicted
normal distribution.

Most importantly, all our calculations about the future are conditional on
our assumptions for the future remaining true. For example, the
assumption regarding future payment/calendar vyear inflation is
12.77% £3.93%. If, in some years in the future, inflation turns out to be
28%, say, then our assumption is violated and our subsequent
calculations do not apply. This is analogous to seeing an almost straight
road out the back window, but the road may not remain as straight in the
future.
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4.4

Myth 3

Increase in incremental payments is associated with increase in speed of
closures (finalisations) of claims.

Often the contrary of the above statement is true. Figure 4.4,1 below
displays the residuals of the statistical chain ladder applied to the
incremental paid losses of CTP NSW for AMP General Insurance. Note
there is a favourable trend in the early years and thereafter a relatively
stable trend. In 1987 the payments are relatively lower.

AMP General Insurance
Ralative trends in pald losses
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Figure 4.4.1

Figure 4.4.2 displays the relative payment/calendar year trends for the
closed claim counts.

MNote:

{i) Higher closures do not imply higher payments.
(ii) Closed claim counts are less stable than the paid losses in terms of
trends.

ST




AMP General Insurance
Ralativa trands in clogad claim counts
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Figure 4.4.2
Myth 4

Closed (finalised) claim counts have more stable trends than incremental
payments and are so better predictable.

Displays 4.4.1 and 4.4.2 demonstrate that the incremental paid losses
have more stable trends than the closed claim counts and so are better
predictable. Indeed, according to the author’s expeience, it is rare that
closed claim counts have stable payment/calendar year trends.
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5.0

5.1

STABILITY, ASSUMPTIONS ABOUT FUTURE JENSEN'S INEQUALITY
AND PREDICTAEBILITY

In this section we discuss related issues of trend stability, assumptions
about the future and Jensens’ inequality.

Stability

Returning to our example of Section 4.3, we ask the question whether at
year end 1989 our completion of the rectangle should be materially
different from completion at year end 1992. The answer, as was
demonstrated, is in the negative since trends, especially in the payment
year direction are stable. (Applying the Harvey motor car analogy, the
road was essentially straight).

We illustrate with another four examples. (There are numerous others that
occur in practice.)

Example 1: Suppose payment year trends (after adjusting for trends in
the other two directions) are as depicted in Figure 5.0.1 below. The
trend is stable and suppose its estimate is 10% + 2%. How do we
know that the trend is stable? Well, as we remove the more recent
payment years from the estimation, the estimates of trends do not change
(significantly). For example, after removing 1920 and 1991, the estimate
of trend is 9.5% + 2.1%, say. Alternatively, we could estimate a new
trend parameter from 1989-1991 and examine whether the trend has
changed significantly.
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Figure 5.0.1
Typically, if the payment/calendar year trend is stable, the model will also
validate well. Here our estimates of outstanding payments do not change
significantly as we omit recent years.

Example 2: Consider the payment year trends depicted in Figure 5.0.2
below.
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The trend in the years 1976 to 1989 is relatively stable. Its estimate is
10% + 2%, say. However, the trend from 1989 to 1990 is higher at
15% (+ 1%) and from 1990 to 1991 it is -4% (+ 1.3%), say. This
information is extracted from the "optimal® statistical model. The shifts
in trends is a property of the data (determined through the model). A
question now emerges as to which trend assumption do we make for the
future, first in the absence of any other information. It would be
foolhardy to assume the estimate between the last two years of -4% +
1.39%. The most reasonable assumption (for the future) is @ mean trend
of 10% with a standard deviation of 2%, that which was estimated for
the years 1976-19889.

Suppose we also have access to another data type, the number of closed
claims development array. We find utilising the modelling framewaork that
the additional 5% above the 10% between 1989 and 1990 can be
explained by a corresponding increase in speed of closures of claims and
the -15% from 1990 to 1991 below the 10% from 1976-1989 can be
explained by a corresponding decrease in the speed of closures of claims.
What assumption about future trends in payments should we adopt then?
| would still recommend 10% + 2% for the future. That's a decision
based on my judgement and experience. The instability in trends in the
last few years means that the model will not validate well. At year end
1990, we would not have forecast the distributions for 12991, for
example.

Example 3: It is possible to have a transient change in trend. Consider
Figure 5.0.3. The business has been moving along 10% + 2% but
between the last two calendar years 1990 and 1991 the trend increases
to 20% + 3%. What do we assume for the future? Well, that depends
on the explanation for the increase in trend. Suppose its a "transient”
change that can be explained by a new level of benefits that apply
retrospectively. Then it is reasonable to assume 10% + 2% for the
future. Suppose instead that subsequent to analysis of claims closed
triangle, the trend change is explained by increase in severities. That's a
problem, because this means that it is now more likely that the new trend
will continue,
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Transient change in trends
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So the decision making process about the future becomes more
complicated when trends are unstable. We are talking about trends in the
(incremental) payments not age-to-age link ratios.

The last example illustrates an ‘unpredictable’ loss development array.

Example 4: The payment year trends are depicted in Figure 5.0.4 below.

Major instability in trends
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5.2

Mote the instability in the trends. At year end 1989, would anyone be
able to predict a flat trend for the next year and a downward trend for the
following year?

Here, maybe, one could calculate § , a weighted average of trends

estimated in the past with a weighted variance & and assume for the

future a mean trend of i with standard deviation of trend &. Since &
will be relatively large, mean forecasts will be well above the median
forecasts and the standard deviation of the distributions will be relatively
large.

It is instructive to relate the foregoing discussion with the quote from
Harvey [9] given at the end of Section 2.2.

Assumptions about the Future and Jensen’s Inequality

We demonstrated in Section 5.1 that if payment/calendar year trend has
been stable, then the assumption about the future trend is relatively
straightforward, although we may not be absolutely sure how long the
trend may continue. It may be helpful to determine what factors are
driving the trend, in order to make appropriate assumptions about the
future. This determination may be based on analysing data types other
than the paid losses and knowledge of the business.

If on the other hand, payment/calendar year trend has been unstable, as
in examples 2 and 3 of Section 5.1, the nature of the instability, analysis
of other data types and business knowledge would be critical in
formulating assumptions about the future. Of course, business
knowledge should be combined with the objective facts in formulating
sound judgment.

Application of Jensen’s inequality tells us that the mean payment using a
variable inflation rate is higher than if we just inflate by the mean
inflation. Indeed, ignoring this result is dangerous, especially, if the
standard error of inflation is large.
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6.0

6.1

6.2

CTP NSW AGGREGATE EXPERIENCE
Background

The NSW Government established a new Scheme, which commenced in
July 1989, for compensating people injured as a result of the fault of
others in motor vehicle accidents. Compulsory Third Party Personal Injury
Insurance (or CTP) provides funds to compensate people injured in motor
vehicle accidents.

The Scheme includes the following features:

. Each registered owner of a vehicle in NSW is required to insure,
with an insurer licensed under The Motor Accidents Act 1988,

° Insurers are licensed under the Act and must file with the Motor
Accident Authority, at least once a year, a full set of premiums it
proposes to charge for third party policies.

The Scheme has only five years experience in its current form, and
accordingly the principal loss development arrays analysed have a
guarterly sampling period.

Relevant Findings Based on Probabilistic Models

The following findings are relevant:

1.  The incremental paid (loss) experience has a high inflation
(combined AWE + superimposed) rate of 8.42% <+ 1.38%
(continuous per quarter) since payment quarter year 2-91. The
inflation has been relatively stable, save for some seasonality.

2 The high inflation rate is pot explained by the speed of closures of
claims, although there has been a relatively small increase in

closure rates especially in the early development quarter years.

3. There is a small increase in the number of claims notified, but only
for the early development quarter years.
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6.3

4. The high trends (inflation) in the case estimates and incurred losses

parallel those in the paid losses.

5. There is some evidence that the tail in the incremental paid loss
experience is beginning to decay.

6. Projections of payments outstanding based on quarterly incremental
paid losses data are statistically the same as projections based on
yearly incremental paid losses data.

Inflation in the Paid Loss Experience
The graph presented below (Figure 6.3.1) depicts the relative payment

quarter year (diagonal) trends after adjusting the paid loss data only in the
development quarter year direction.

Industry- Paid Loss Experience
Depicts relative trends along payment (quarler) years
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Figure 6.3.1

From payment quarter 3-89 to 2-91 (first two years) there is a relatively
favourable experience.

Thereafter, the trend is relatively stable but very steep, indicating a high
level of inflation.
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6.4

Inflation in the Paid Losses and Claim Settlement Rates

Much of the high trend in the paid loss experience is not explained by the
trends (speed of closure) in the closed claim count experience. Figure
6.3.2 below depicts the trends along the payment quarter years
(diagonals) in the closed claim count experience,

Industry Closed Claim Count Experience
Depicts relative trends along payment (quarter) years
3
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Figure 6.4.1

Note positive trend in closed claims only from payment quarter 1-93 to 4-
93, which also partly explains the higher payments in those quarter years.
However, the higher payments in other years including 2-94 are not
explained by the speed of closures of claims. The trends in the closed
claim counts are not as high as those in the paid losses and are mainly in
the early development quarter years where payments are low.

Accordingly we now present two displays showing the relative payment

quarter year trends in the paid losses and the closed claim counts beyond
development quarter 4, respectively.
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Industry Closed Claim Count Experience
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We observe:
° Paid losses experience has more stable trend and accordingly is
better predictable.
® The trends in the paid losses are not positively correlated with the

trends in the closed claim counts.
The latter observation means that Taylor's See Saw hypothesis is valid:

"The faster claims are closed the less is paid per claim". As a result of
the validity of this hypothesis we expect the first observation to be true.
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6.5

Validation Analysis and Stability of Inflation

We examine the behaviour of the estimated model as we remove payment
quarter years (diagonals) from the estimation process. The important
guestion is whether the model estimated one to seven payment quarter
years ago would have predicted the most recent experience.

If we estimate the best model a number of times, each time removing
more of the recent experience, the following results are obtained.

Table 6.5.1
Projections to quarter 20
CQuarter Trend Mean Standard
Years Estimate Forecast Error
used in Since 1-92
estimation (Inflation)
% 5M 5M
3-89 to 2-94 8.42 + 1.38 2,963 225
3-89 to 1-94 9.01 + 1.59 2,931 282
3-89to 493 | 10.25 + 1.56 3,459 393
3-89 to 3-93 9.94 + 1.82 3.236 461
3-89 to 2-93 8.24 4+ 2.09 2,664 457
3-89to 1-83 6.60 + 2.33 2,366 490
3-89 to 4-92 7.70 + 2.49 2,675 626
3-89 to 3-92 6.68 + 2.77 2,804 945

Changes in mean projections as years are removed from the estimation
process are closely reflected by the change in assumption as to future
"inflation”. The assumed future payment quarter year inflation is based on
that estimated since payment quarter year 1-92.

Note from Table 6.5.1 above, that had the best model been estimated at
payment (quarter) year end 3-92, the estimated total outstanding of
$2,804M+ $245M s statistically not different to $2,963M + $225M,
that obtained by the model using the experience to payment quarter year
end 2-94. Indeed, the two answers are remarkably close especially that
$2,804M + $945M is obtained after removing 56% of the most recent
experience.
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We now explore whether the model estimated at quarter year end 3-92
"predicts" the subsequent paid losses in payment quarter years of 4-92 to
2-94,

Figure 6.5.1 displays the deviations based on the model estimated at
payment quarter year end 3-92, For payment quarter years 3-89 to 3-92,
the deviations are the observed values minus the fitted values, whereas
for payment quarter years 4-92 to 2-94 (last seven payment quarter
years!) the deviations represent the prediction errors. It is remarkable
how the prediction errors for the last seven payment quarter years are
centred around zero.

Deviations based on model at 3-92
Deviation=prediction emor for 4-92 to 2-94 payment quarters
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Figure 6.5.1

Figure 6.5.2 presents the prediction errors for payment quarter years 4-92
to 2-94 based on the model estimated at year end 3-92. Note the slight
curvature due to higher payments in 3-93 and 4-93 and lower payments

in 1-94,
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Prediction errors
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Figure 6.5.2

Finally, the normality plot for the prediction errors of observations in
payment quarters 4-92 to 2-94, based on model estimated at payment
quarter year 3-92 is displayed below and one can see it is in good shape.
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6.6

By way of summary:

» The paid loss experience contains a high inflation rate not explained
by the speed of closures of claims.

° The high inflation rate has existed since 2-82 and has been
essentially stable, save for some seasonality.

° The model estimated at payment quarter year end 3-92, predicts
accurately the next seven quarter payment years experience and
yields the same outstanding claims estimate statistically as the
model estimated at quarter year end 2-94,

Premium and Future Inflation

If we apply the Harvey [9] motor car analogy, even though we have
identified an inordinate high inflation rate in the five year CTP experience,
we are not guaranteed it will continue. Indeed, given that the principal
reason for the inflation is a continued trend towards litigation as an
avenue by claimants for higher award payments one would expect and
hope to reach ‘saturation’ in the near future.

In any event, the current pure premium of approximately %190 (per
vehicle), as advised by a number of actuarial consultants is substantially
too low. Assuming a discount rate of 10% - 11% p.a., it could only be
substantiated by a less than 4% combined AWE + Superimposed
inflation in the future, and moreover we would have to ignore Jensen’s

inequality.

The principal reason for the high inflation seems to be a continued trend
towards litigation as an avenue by claimants for higher award payments,
although some practitioners are arguing that the inflation is principally
driven by increase in speed of closures of claims.

- 45 -




7.0

CONCLUSIONS

We have argued that the four components of interest regarding a loss
development array are the trends in the three directions and the
distributions of the deviations (random fluctuations) about the trends.

A MODELLING FRAMEWORK was introduced where each model
contained therein possesses the four components of interest. The
modelling approach offers the actuary a way of fitting (estimating)
distributions to the cells in a loss development array and predicting
(forecasting) distributions for future vyears that affords numerous
advantages including:

L simplicity;

L clarity of assumptions;

° testing of assumptions;

. assessment of loss reserve variability;
o asset/liability matching;

. model maintenance and updating.

We showed how the identified optimal statistical model for the
{incremental) payments conveys information about the loss experience to
date. In applying the model to predicting distributions of future payments
the actuary may (need to) adjust some of the parameters to reflect
knowledge about the business and to incorporate his view of the future.
View of the future may be based on analysis of other data types,
especially if there are instabilities in the trends in the paid losses in the
recent payment years.

A prediction interval computed from the forecast distributions is
conditional on the assumptions made about the future remaining true.

In passing we have debunked a number of pervasive loss reserving
perceptions concerning data types, age-to-age link ratios, stability,
forecasting and regression.

Methods based on age-to-age link ratios do not (and cannot) separate
trends from random fluctuations and moreover do not satisfy the basic
fundamental property of additivity of trends.
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