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Abstract

The present paper introduces and describes three powerful diagnostic models for loss
reserving. Each of the diagnostic models adjusts the data for trends in two of the three
directions, development year, accident year and payment year, in order to diagnostically
identify the relative trends in the third direction. The diagnostic power of these models is
illustrated on simulated data and real data. It also emphasised that not one of these models
should be used for forecasting loss reserves.



1. Introduction

In the present paper we present three statistical loss reserving models, Chain Ladder (CL),
Separation Model (SM) and Accident/Payment Year (APY) model. These models can be
regarded as powerful diagnostic tools for assessing trend changes in the three directions
development year, accident year and payment year.

The CL model is one of the statistical analogues of the standard age-to-age chain ladder
techniques.’ See Christofides (1980) and Verrall (1989).

The direct statistical analogue of the standard chain ladder technique is due to Mack (1994),
but it is the CL model, equivalently, the two-way ANOVA of the log incremental payments,
which is diagnostically very powerful.

The Separation Model is a similar statistical version of the well known separation technique.
This is a new model that has not appeared in the mainstream actuarial literature. It is also a
two-way ANOVA model, but where the payment years and development years are the two
factors. The model adjusts the data for both development year trends and payment year
trends.

The APY statistical model, does not have a corresponding standard technique. This model is
also a two-way ANOVA model where the accident years and payment years are the two
factors. The model adjusts the data for trends in both the payment year and accident year
directions.

In this paper we demonstrate the usefulness of the three diagnostic models with both simulated
data arrays and real data arrays. We emphasized at the outset, that none of the models should
be used for forecasting purposes.

The paper is organised as follows:

Since a model is suppose to capture, inter alia, the trends in the three directions, we first
introduce the geometry of trends in section 2. The results contained therein represent a
theorem, not a theory. In section 3, the three powerful diagnostic models are described and
their respective roles in diagnoses explained. In section 4, we simulate a loss development
array to illustrate the geometry of trends and demonstrate that the diagnostic models provide
the correct information. In section 6, we apply the diagnostic tools to a real loss development
array. Even though the data are relatively smooth and the age-to-age link ratios are smooth,
there is a major payment year trend shift that is quite alarming,



2. Trend Properties Of Loss Development Arrays

Since a model is suppose to capture the trends in the data, it behoves us to discuss the
geometry of trends in the three directions, viz., development year (or delay), accident year
and payment (or calendar) year.

The most important direction is the payment year. Payments, claim counts, etc. made in the
same payment year (or period) are made in the same year. So any payment year effects
economic inflation, superimposed inflation will manifest themselves from one diagonal to the
next.

Development years are denoted by d; d =0, 1, 2, ..., s-1; accident years by w; w= 1, 2, ..., s;
and paymentyearsby ;t=1, 2, ..., 5.

Figure 2.1

The payment year variable ¢ can be expressed as # = w + d. This relationship between the three
directions implies that there are only two ‘independent’ directions.

The two directions, development year and accident year, are orthogonal, equivalently, they
have zero correlation. That is, trends in either direction are not projected onto the other. The
payment year direction ¢ however, is not orthogonal to either the development year or accident
year directions. That is, a trend in the payment year direction is also projected onto the
development year and accident year directions. Similarly, accident year trends are projected
onto payment year trends.

The following displays demonstrate the equivalence of trends in general.
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Trends on a log scale are additive and any trend in the payment year direction projects in the
other two directions.

3. Three Powerful Diagnostic Tools

In this section we present three powerful diagnostic tools.

3.1 The Chain Ladder (CL) Model

The chain ladder (CL) statistical model is described in Christofides (1980). It is a two-way
ANOVA model where accident years and development years are two factors at various levels.
The CL statistical model is a statistical extension of the standard age-to-age development
factor technique. See Christofides (1980) for details. It can be written,

d
yw,d)=0.,, +Y Y, +e(w,d), (3.1.1)
j=1

where y(w,d)=1log p(w,d) and p(w,d) is the incremental paid loss in development year d

corresponding to accident year w.



The parameter o, corresponding to accident year w represents the effect of accident year w
and v ; represents the trend between development years j-1 and j. The parameter vy ; -y,

(difference in trends) represents the effect of development year j. The zero mean error terms
€(w, d) are uncorrelated and are usually assumed to follow a normal distribution. The number

of parameters in the model is 2s - 1.

The cape cod (CC) model assumes complete accident year homogeneity, that is, same o and
same y;’s. For the CL model we assume homogeneity of development factors (y’s) across
accident years, but heterogeneity of levels (a’s).

A regression prescription for the CC model is

y(w,d)=o +iyi +e(w,d).

j=l

The principal deficiency of the CL model is that it does not relate the payment years in terms
of trends. Moreover, the model assumes significant differences between contiguous Y
parameters and significant differences between contiguous o parameters.

If we do not have an estimate of payment year trends in the past, how do we know what
assumptions we can make about the future trends?

However, the CL model is an extremely powerful diagnostic interpretive tool. The CL model
estimates (fits) the average trend between every two contiguous development years and every
two contiguous accident years. So, the mean of the standardised residuals for every
development year and every accident year is necessarily zero.

The standardised residuals versus payment years, however, represent the data adjusted for
development year trends and accident year trends.  The residual display is informative in
depicting the payment year relative trends after adjusting the data for the other two directions.

3.2 The Separation Model (SM)

The standard separation method separates the base systematic run-off pattern (assumed
homogeneous across accident years) from exogenous influences, viz., payment year inflation
(or effects). The deterministic model is usually expressed (parametrized) as

p(w,d)=exp(w)b,\ 4> (3.2.1)

where the exp(w) are the exposures, proportional to number of claims incurred, b, are the
development factors and the parameter A ,,, expresses the ‘effect’ of payment year t=w+d.
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The corresponding statistical model in our framework is written (parametrized) as

w+d

y(w, d) =a+§d:yj + )1, +e(w,d), (3.2.2)
j=1

t=2

where the parameters v; are the base systematic development factors and t, is the force of
inflation from payment year ¢—1 to payment year t. The zero mean error terms €(w,d) are

uncorreltaed and are usually assumed to follow a normal distribution. The model has 25 -1

parameters.

Note that this model necessarily assumes that there are significant changes in inflation rates
(trends) between every two contiguous payment years and, moreover that there are significant
changes in base development factors between every two development years.

This model, like the CL is an extremely powerful interpretive and diagnostic tool. The SM
model adjusts the data for development year trends and payment year trends. The
standardised residuals versus accident years can be used to diagnostically observe any accident
year shifts.

3.3 The Accident Year/Payment Year Model (APY)

The accident year/payment year (APY) model has a level parameter o, for every accident year
w and between every two contiguous payment years -1 and ¢ an ‘inflation’ parameter 1, .

The regression formulation is:

yw,d)=0a., +il, +e(w,d). (3.3.1)

=2

This model adjusts the data for the average trends between every two contiguous accident
years and every two contiguous payment years. It is used as a diagnostic tool in order to
determine the development years in which trends change and whether the tail is stable in
respect of trend.



4. A Model With Three Inflation Parameters

In this section we simulate a triangle of icremental paid losses based on a model with three
inflation parameters. We do this in order to illustrate properties of trends, and demonstrate
that the three diagnostic tools provide the correct information.

The data in Appendix A1l to Appendix A9 are generated as follows.
First, we create payments based on the formula:

p(w,d) =exp(at —0.2%d) 4.1)
That is, each accident year w is generated by the same exponential curve with y (gamma) or

decay factor equal to -0.2. The letter o (alpha) represents the intercept, level or (log)
“exposure”. Here o =11.513. See Appendix Al for a display of the data.

TRENDS

1978 -02
0.1
0.3
015

1982
1983
1991

Figure 4.1

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 A2.
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Figure 4.2

Figure 4.2 displays the graph of the log paid losses versus development year for the first six
accident years. (The log paid losses are presented in Appendix A2).

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

Consider the first accident year 1978. The 10% calendar year trend projects onto the
development year, so that the resuitant 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 -.2+.3 =.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).

Consider the next accident year 1979. 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 the 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 payment 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:
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Figure 4.3

where y =-0.2,1, =01, 1, =03and t, =0.15.

Writing the equations explicitly is not necessary. Indeed, it is too complicated. It is
understanding the trend structure that is important.

We note that the resultant trend (age-to-age development factor) between development years
J-1 and j is the (base) development factor ¥ between the two development years plus the
payment year trend 1 (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 4.2, we add random numbers
from a normal distribution displayed in Appendix AS. The sum of trends (Appendix A2) plus
random fluctuations (Appendix AS) is displayed in Appendix A®6.

The graph of the first six accident years of the data in Appendix A6 is given in the Figure 4.4
below.

Trends + randomness

"‘\
108 1 1 1 1 I 1 1 1 | 1 1 1 Y
o 1 2 38 4 S5 88 7 8 8 W M 142 13 4
Developmert year
Figure 4.4
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Note that it is not possible 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 incremental paid losses we have generated in Appendix A7 were generated by five trend
parameters (C,Y,1,1,,l;) and one variance (noise, randomness) parameter ¢ > = 0.01.

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.

5. Modelling of the Simulated Data

5.1 True Model

The true model has the following parameters:

TRENDS

1978 02,
0.1
0.3
0.15
1982
1983
1991
Figure 5.1.1

with o =11.513 and 6? =0.01. Note that 6 ? is very small. Appendex B1 gives the forecast
results for this (true) model. For each pair of numbers on the left of the steps, the top number
is the expected and the bottom is the observed. For each pair of numbers on the right of the
steps, the top is the expected and the bottom is the standard error. Row margins represent
accident year outstandings, whereas column margins represent (future) payment year
outstandings. The total outstanding of $24.8M is the true mean outstanding based on the true
probabilistic model. There is no parameter uncertainty and so the standard deviation $292,746

of the total outstanding is solely due to ¢ 2.
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The standardised residuals of the true model are depicted below.
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Figure 5.1.2

They are graphs of the random numbers that appear in Appendix AS.

5.2 Diagnostic Tools Applied to the Simulated Data

In this section we apply the three diagnostic models CL, SM and APY to the data generated in
Section 4.

APY

The simulated data has a base trend of ¥ =~0.2 in the development year direction after

adjusting for payment year and accident year trends. This is confirmed by the graph of the
standardised residuals versus development year of the APY model.
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Figure 5.2.1

After removing the payment year (and accident year) trends in the data, we expect the trend in
the development year direction to be stable.
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SM

The simulated data has a constant level (o) across accident years, after adjusting for payment
year and development year trends. This is confirmed by the graph of the standardised
residuals versus accident year of the SM.
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Figure 5.2.2

CL

The simulated data has three payment year trends 0.1, 0.3 and 0.15, after adjusting the data
for trends in the accident year and development year directions. This is confirmed by the
graph of the standardised residuals versus payment year of the CL model.
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Figure 5.2.3

Note a relative negative trend along 1978-1982, a sharp positive trend from 1982-1983 and a
relatively zero trend along 1983-1991, informing us that there are three distinct trends.

5.3 Best Estimated Model

We now estimate the parameters ¥ =—-0.2, o =11513, 1, =0.1, 1, =0.3, 1, =0.15 of the

model.
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We find that the estimate of gamma is -0.2062 + 0.0033, which is close to the true value of -
0.2. The iota estimates are 0.0873 % 0.0209, relatively close in terms of the standard error to
0.1; 0.3927 1 0.0442 which is within 3 standard errors of 0.3; and 0.1446 £ 0.0046 which is
close to the true value 0.15.

Residuals in all three directions do not look great. There seems to be also a slight drop in the
last couple of payment years. But this is a sample you obtain when you generate the errors

randomly!
Witd Std Residuals Wid Std Residuals
vs. Dev. Year vs. Acc. Year
i S s e B e S GaTEe
* b4 . LY .
[ J [ d *
T8ed tesson {od8 o0 "0 ¢
[ ° ®
] $§ 38 ¢ i ' 2 8
¢ 0 .
z : ° e ° * ° $ ° LIS
e +3 o0 M es8 *o-e
® o @ L g LI 2 * o e
-2 ° * L] - . 'Y °
(4 L
© 1 2 3 4 6 @ 7 8 8 1011 1213 78 70 40 81 82 3 84 80 8¢ &7 88 85 80 91
Wud Std Residuals Wtd Std Residuals
vs. Pay. Year vs. Fitted Values
R e e e e e 4 A = m— :
o * 8 - . LS *
B . ® o 8 o ® * Py . LY Oo’. ° * °. .
. ® LI 4 o,
d ° S48 L ’06 Voo Lae
* 3 Y
3 ° 'y ° ' . 0"‘ 8% ‘“..
-t ° ° . ¢ L ) o0 ®
° * 9 . LY . o e ©
-2 [ 'Y e [ 3 ° °
[ [
78 70 80 81 82 83 84 8 aa &7 a8 89 00 01 11,00 _11.80 1200 1260 1300 13 00

If you test for changing payment year trends from 87-88 or 89-90-91, even though there is a
drop in inflation (due to sampling variation), the changes are not significant.

Here is some additional analysis including forecasts and stability analysis.
Forecasting for the estimated model using all the data,

gamma (in tail) = -.2062 +.0033

iota (83-91) = .1446 +.0046

So the model assumes future inflation that has an average of 14.46% and standard deviation of
0.46%.

Total Forecast = 23,426,542 £ 927,810. See Appendix B2 for the forecasting table.

Compare this with the true mean of $24.8M + $292,746.
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Validation of year 1991. Here we assign weight to the payment year 1991.
gamma (in tail) = -.2075 £.0036
iota (83-90) = .1527 +£.0051

Note stability of gamma estimate but a slight increase in iota estimate.

The model assumes future inflation that has an average of 15.27% and standard deviation of
.51%. So now the forecast is higher, as expected.

Total Forecast = 25,333,522 +1,191,129. See Appendix B3.

Validation of years 1991 and 1990. Here we assign zero weight to the last two payment years
1990 and 1991.

gamma (in tail) = -.2086 £.0042
iota (83-89) = .1512 £.0064

Since parameter estimates are the ‘same’ as when validating only 1991, the forecast is
essentially the same.

Total Forecast = 24,850,972 + 1,526,246. See Appendix B4.
Validation of years 1991, 1990 and 1989.
We are now leaving much information out.
gamma (in tail) = -.2119 £.0045
iota (83-88) = .1575+£.0075
Forecast is slightly higher mainly as a result of increased iota (plus increased uncertainty).

Forecast = 26,296,366 + 1,997,089. See Appendix BS.
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Payment yrs Estimate of Estimate of Forecast
in Estimation gamma (in tail) iota (since 1983) $M
% %
1978-91 -20.62+0.33 14.46+0.46 23+0.9
1978-90 -20.7510.36 15.2710.51 25+1.2
1978-89 -20.86+0.42 15.12+0.64 25+1.5
1978-88 -21.19140.45 15.75+0.75 26%2.0
1978-87 -21.3110.55 15.63+1.03 26+2.9

It is not amazing that answers do not change significantly as we leave out years, as the trend
from 1983 is stable.

6. Analysis of a Real Loss Development Array ABC

The data array ABC (Appendix C1) is relatively smooth with relatively smooth age-to-age
link ratios (Appendix C2). Yet, there is a major payment year trend change, as we shall see
in the sequel.

We define a normalised payment as the (incremental) paid divided by the corresponding
accident year exposure and apply the diagnostic models to the normalised payments.

If p(w,d) is the incremental payment corresponding to accident year w and development
year d, and e(w) is the accident year exposure, then the normalised payment is p(w,d)/e(w)
and we define,

Y(w, d) = log[p(w,d)/e(w)].

We first estimate the CL model. The standardised residuals versus development year, accident
year and payment year are depicted respectively in Figures 6.1, 6.2 and 6.3.
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Figure 6.1

16



Wtd Std Residuals |
vs. Acc. Year ‘
1 1 H L L 1 L 1 | 1 ) 3
o
2
® ® ® .
h | 8 ® 1 4
® § e ® o e o ¢
s & 3 e -
g & g o ®
-1 g Ag > L 4 ©
77 7I8 7'9 8r0 8I1 SIZ 8'3 8I4 815 816 8I7

Figure 6.2
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Figure 6.3

In Figure 6.1, the sum of residuals for any one development year is zero and in Figure 6.2 the
sum of residuals for any accident year is zero. However, residuals versus payment years
(Figure 6.3) exhibit a very strong V shape and this is for smooth data of a large company.
So, after removing accident year and development year trends from the data we observe major
shifts in the payment year trends. There appears to be a change in trend in 1984 and definitely
a change in trend in 1985.

We now estimate the CC model. It adjusts the data for the average development year trends.
Figure 6.4 is a graph of residuals versus payment years that indicates an upward trend
(positive inflation). It is hard to tell from this graph whether there is a major shift in trends
around 1984 and 1985.
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Figure 6.4

In order to estimate a trend parameter through the residuals of Figure 6.4, we estimate the
CCI model to the data. The residuals versus payment years are displayed is Figure 6.5. The
average payment year trend is 12.1% ( +0.53%). The V shape in residuals is distinct,
suggesting very strongly the change in trends.
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Figure 6.5

Our final model introduces another two payment year trend parameters. One from 1984-1985
and one from 1985-1987. The trend change is from 9.85% to 19.52%. This is quite alarming,
especially if it cannot be explained by an increase in speed of finalisations of claims.
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Since for this data ¢ * is extremely small, the graphs of the data illustrate the projection of the
payment year trends onto development years. We now graph, in Figures 6.6, 6.7 and 6.8, the
lognormalised payments versus development year for the first three accident years,
respectively. Since 19.52% is much higher than 9.85%, observe that the trend in the “tail”
increases for each accident year, and for accident year 1979 the change is one development
year earlier than in accident year 1978 which is one development year earlier than accident
year 1977. This is because the trend change is a payment year change. Compare this with the
simulated data in section 4.
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LogN ormalised Data
vs. Dev. Year
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Figure 6.8 (1979)

We now turn to the identification of accident year trend changes after adjusting the data in the
other two directions. To this end, the SM is very effective.

Figures 6.9 and 6.10 depict the standardised residuals versus development years and payment
years respectively.
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Figure 6.9

20



Wtd Std Residuals |
vs. Pay. Year

Y

2|
: RS IREE SRS

4 ® ¢

@ $ e 3 o
o—o—% §__§Q—§_

b4 ¢ 8§
-1 &
MER IR ®* o e
&

-2 ®

T T T T T T T
77 78 79 80 81 82 83

T T T
85 86 87

g.i

Figure 6.10

Note that the residuals are centred at zero as expected. However, standardised residuals
versus accident year (Figure 6.11) indicate accident year shifts from 1978-79, 1981-82-83 and
a downward trend from 1984-87.
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Figure 6.11
The APY model’s residuals versus development year (Figure 6.12) indicates diagnostically

that there are changes in base development year trends from development years 1-2, 2-3 and
6-7.
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7. Conclusions

The three models CL, SM and APY are powerful tools for determining diagnostically the
trend changes in the three directions, payment year, accident year and development year,
respectively. Any trend along the payment years projects in the other two directions. These
models can be used as part of the model identification process for the optimal model. That is,
they facilitate the model identification process.
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Date

MAR 93

APR 93

APR 93

AUG 93

SEP 93

SEP 93

OCT 93

JAN 94

MAR 94

FEB 94

JUNE 94

JUNE 94

JUNE 94

SEPT 94

RESEARCH PAPER SERIES

Subject

AUSTRALIAN SUPERANNUATION :
THE FACTS, THE FICTION, THE FUTURE

AN EXPONENTIAL BOUND FOR RUIN
PROBABILITIES

SOME COMMENTS ON THE COMPOUND
BINOMIAL MODEL

RUIN PROBLEMS AND DUAL EVENTS

CONTEMPORARY ISSUES IN AUSTRALIAN
SUPERANNUATION -
A CONFERENCE SUMMARY

AN ANALYSIS OF THE EQUITY INVESTMENTS
OF AUSTRALIAN SUPERANNUATION FUNDS

A CRITIQUE OF DEFINED CONTRIBUTION
USING A SIMULATION APPROACH

REINSURANCE AND RUIN

LIFETIME INCOME, TAXATION, EXPENDITURE
AND SUPERANNUATION (LITES):
A LIFE-CYCLE SIMULATION MODEL

SUPERANNUATION FUNDS AND THE
PROVISION OF DEVELOPMENT/VENTURE
CAPITAL:

THE PERFECT MATCH? YES OR NO

RUIN PROBLEMS: SIMULATION OR
CALCULATION?

THE RELATIONSHIP BETWEEN THE AGE
PENSION AND SUPERANNUATION BENEFITS,
PARTICULARLY FOR WOMEN

THE COST AND EQUITY IMPLICATIONS OF
THE INSTITUTE OF ACTUARIES OF AUSTRALIA
PROPOSED RETIREMENT INCOMES STRATEGY

PROBLEMS AND PROSPECTS FOR THE LIFE
INSURANCE AND PENSIONS SECTOR IN
INDONESIA

Author

David M Knox

David C M Dickson

David C M Dickson

David CM Dickson
Alfredo D Egidio dos
Reis

David M Knox

John Piggott

David M Knox
David M Knox
David C M Dickson
Howard R Waters
Margaret E Atkinson
John Creedy

David M Knox

David M Knox

David C M Dickson
Howard R Waters

David M Knox

Margaret E Atkinson
John Creedy

David M Knox

Chris Haberecht

Catherine Prime
David M Knox
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OCT 94

DEC %4

JAN 95

FEB 95

MAY 95

JUN 95

JUN 95

JUN 95

SEP 95

OCT 95

DEC 95

FEB 96

FEB 96

FEB 96

MAR 96

MAR %6

MAR 96

PRESENT PROBLEMS AND PROSPECTIVE
PRESSURES IN AUSTRALIA’S
SUPERANNUATION SYSTEM

PLANNING RETIREMENT INCOME IN
AUSTRALIA: ROUTES THROUGH THE MAZE

ON THE DISTRIBUTION OF THE DURATION
OF NEGATIVE SURPLUS

OUTSTANDING CLAIM LIABILITIES:
ARE THEY PREDICTABLE?

SOME STABLE ALGORITHMS IN RUIN THEORY
AND THEIR APPLICATIONS

SOME FINANCIAL CONSEQUENCES OF THE SIZE
OF AUSTRALIA’S SUPERANNUATION INDUSTRY
IN THE NEXT THREE DECADES

MODELLING OPTIMAL RETIREMENT IN
DECISIONS IN AUSTRALIA

AN EQUITY ANALYSIS OF SOME RADICAL
SUGGESTIONS FOR AUSTRALIA’S RETIREMENT
INCOME SYSTEM

EARLY RETIREMENT AND THE OPTIMAL
RETIREMENT AGE

APPROXIMATE CALCULATION OF MOMENTS OF
RUIN RELATED DISTRIBUTIONS

CONTEMPORARY ISSUES IN THE ONGOING
REFORM OF THE AUSTRALIAN RETIREMENT
INCOME SYSTEM

THE CHOICE OF EARLY RETIREMENT AGE AND
THE AUSTRALIAN SUPERANNUATION SYSTEM

PREDICTIVE AGGREGATE CLAIMS
DISTRIBUTIONS

THE AUSTRALIAN GOVERNMENT
SUPERANNUATION CO-CONTRIBUTIONS:
ANALYSIS AND COMPARISON

A SURVEY OF VALUATION ASSUMPTIONS AND
FUNDING METHODS USED BY AUSTRALIAN
ACTUARIES IN DEFINED BENEFIT
SUPERANNUATION FUND VALUATIONS

THE EFFECT OF INTEREST ON NEGATIVE
SURPLUS

RESERVING CONSECUTIVE LAYERS OF INWARDS
EXCESS-OF-LOSS REINSURANCE

David M Knox

Margaret E Atkinson
John Creedy

David M Knox
David C M Dickson
Alfredo D Egidio dos
Reis

Ben Zehnwirth
David C M Dickson
Alfredo D Egidio dos
Reis

Howard R Waters

David M Knox

Margaret E Atkinson
John Creedy

Margaret E Atkinson
John Creedy
David M Knox

Angela Ryan

David C M Dickson

David M Knox

Margaret E Atkinson
John Creedy

David C M Dickson
Ben Zehnwirth

Margaret Atkinson

Des Welch
Shauna Ferris

David C M Dickson

Alfred D Egidio dos Reis

Greg Taylor
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AUG 96

AUG 96

AUG 96

EFFECTIVE AND ETHICAL INSTITUTIONAL
INVESTMENT

STOCHASTIC INVESTMENT MODELS: UNIT
ROOTS, COINTEGRATION, STATE SPACE AND
GARCH MODELS FOR AUSTRALIA

THREE POWERFUL DIAGNOSTIC MODELS FOR
LOSS RESERVING

Anthony Asher

Michael Sherris
Leanna Tedesco
Ben Zehnwirth

Ben Zehnwirth



