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SUMMARY

* How to go about reserving for claims, which have not yet come in,
and are still in some sense of figment of the future

» The problem of how to calculate appropriate incurred but not
reported claim reserves (IBNR) has always been one among
critical problems in general insurance

» Many classical ways of dealing with the problem (especially
deterministic methods)

* More recently, stochastic methods have been developed which
provides better insights into the degree of uncertainty embodied
In such estimation

* Insurance claim variables are non-normally distributed and
therefore a measure that will capture the dependence among the
variables better than the usual correlation should be employed

* One such method is the use of copulas



OBJECTIVE

To use the Archimedean copulas to estimate outstanding
IBNR claim reserves and

examine the estimates obtained from different
Archimedean copulas

that best fit the data for any significant difference



MOTIVATION

« Many classical methods (CLM, B-F and ST) which are based on
different coefficient calculations and deal with the classical
development triangle have been developed

» Analyzing the upper triangle is based on well-known techniques
from statistics

* The essential problem to be solved is the management of the
risk associated with the future (the lower triangle)

« Goovaertsy, Dhaenez, Borrex and Redant (2000) studied
various IBNR evaluation techniques

* More recent texts on multivariate analysis, such as
(Krzanowski, 1988) have begun to recognize the need for
examining alternatives to the normal distribution setup



« Hogg and Klugman (1984) indicated that the normal distribution
does not provide an adequate approximation to many
data sets/long tailed claims

 Correlation is a rather imperfect measure of dependency in many
circumstances and thus the copula comes in handy as an
alternative measure of dependency (Sklar, 1959)

« Wang (1997) proposes copula for modelling aggregate loss
distributions of correlated insurance policies

* Frees and Valdez (1998) and Klugman and Parsa (1999) use
copula to model bivariate insurance claim data



METHODOLOGY

Definition: Copula
« a copula is a joint distribution function defined on the unit
square with uniform marginals (or margins).
 breaks up a multivariate distribution into
() The one-dimensional marginal distribution functions
(i) The dependence structure (copula)
Proposition: Properties of copulas

Bivariate Archimedean copula concepts

A list of Archimedean copulas and their properties

Details are available in the paper



IMPLEMENTATION, RESULTS AND CONCLUSIONS

» Appropriate distribution models will first be fitted to the random
variables of interest and the best fit determined by the
Kolmogorov-Smirnov test

« An appropriate Archimedean copula model for the data will then
be found using the method due to Genest and Rivest (2001)

« Goodness of fit of the model determined both graphically and
analytically using QQ-plots and Kolmogorov-Smirnov test statistic

» Average claim size in each development time unit will then be
found by simulation using the obtained copulas

« The number of claims occuring in each time unit will also be
found and a distribution fitted



* This distribution will then be used to estimate the average
number of claims in each time unit

 Finally, reserves will be obtained by multiplying average claim
size in each development time unit to the average number of
claims reported in each time unit and to the number of time units

« Comparison of the estimated reserves will then be done using
the Mann-Whitney U test statistic

* A claim will be characterised by two random variables:
development time and claim size

» The analysis and fitting of copulas is done using S-plus
finmetrics module and calculations done using excel



Fitting Distributions to Claim Size and Development Time

* To have an idea about the desirable shape of the
families of distributions

Table 1: Descriptive Statistics for Development Time and Claim Size



Statistic Development time Claim size
Mean 4.00 624,693.04
Median 4.00 527,326.00
Mode 1.00 67,948.00
Std. Deviation 2.47 349,555.06
Sample Variance 6.11| 122,188,737,802.30
Skewness 0.59 0.58
Kurtosis -0.58 -0.32
Range 9.00 1494452.00
Minimum 1.00 67,948.00
Maximum 10.00 1,562,400.00
Sample Size 55 55




 the median and the mode values for both variables are
not close and the range is also big

 As a result the variables will not be exactly normally distributed
» They exhibit a slightly longer tail to the right than the
normal distribution

* slightly more peaked as indicated by their respective
kurtosis values

 For development time the best fitting distribution was
obtained by a lognormal distribution with 1.16 and 0.71
« with a Kolmogorov test statistic value of 0.13

* p-value of 0.3019 hence falil to reject the hypothesized
distribution

 Claim size was also best fit by a lognormal distribution with
parameters 13.16 and 0.66

« with a Kolmogorov test statistic value of 0.11

* p-value of 0.5033



Copulas

Fitted the copulas to our data using a non-parametric
fitting procedure

The copula parameter estimates that were obtained using
Kendall's tau obtained above were

 -0.053, 0.823 and -1.870 for the Clayton (Family 1),
Gumbel (Family 4) and Frank (Family 5) copulas, respectively

* the Clayton’s and Frank’s parameter estimates were valid



Estimating IBNR

200 points were simulated 10 times from the Clayton and
Frank copulas and average claim sizes for each development

time obtained

Table 2: Simulated Average Claim Sizes for each Development time



Development Clayton Frank
Time
1 426,029.75 407,558.12
2 496,147.31 494,981.86
3 567,657.85 519,469.52
4 608,822.63 610,444.86
5 694,730.07 749,242.52
6 710,670.22 732,481.70
7 879,374.33 821,578.75
8 925,298.47 920,883.87
9 1,033,734.40 1,087,198.60
10 1,186,543.90 1,054,629.50




The numbers of claims happening in each year of origin were
also examined and a distribution fitted

Results obtained:
 the lognormal distribution with parameters 5.766 and 1.110

« with a Kolmogorov test statistic value of 0.227
« with a corresponding p-value of 0.358



IBNR reserves are then calculated by multiplying the
Simulated average claim size in each development time by

the average number of claims

Table 3: Estimated IBNR Reserves using the Clayton Copula



Year of PDF*Dev | PDF*Dev 1 | PDF*Dev 2 | PDF*Dev 3
origin
1 0.00 0.00 0.00 0.00
2 203,056.37 314,925.24 426,794.11 538,662.98
3 409,536.34 635,160.22 860,784.10 | 1,086,407.99
4 701,823.27| 1,088,475.38| 1,475,127.49| 1,861,779.61
5 1,759,584.00| 2,159,472.85| 2,559,361.70| 2,959,250.54
6 1,457,568.12| 2,260,579.10| 3,063,590.09| 3,866,601.08
7 2,138,756.42| 3,317,051.20 | 4,495,345.97| 5,673,640.75
8 3,906,531.44 | 6,058,738.01| 8,210,94457| 10,363,151.14
9 6,091,041.94| 9,055,224.23| 12,019,406.53 | 14,983,588.82
10 2,812,846.66 | 4,362,514.73| 5,912,182.80| 7,461,850.87
Total 19,480,744.55| 29,252,140.96 | 39,023,537.37| 48,794,933.79




Finally we compare the four total estimated IBNR reserves
from both copulas using the Mann-Whitney U statistic

* The test statistic value was -0.577
* corresponding to a p-value of 0.686

« Implying that the estimates obtained from the two
copulas are not significantly different.
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