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Abstract: By the use of resampling and extreme value statistics we will develop a method to 
reduce the time and costs of testing insurance company insolvency. Most ruin models require 
assumptions about the surplus distribution and/or assumptions about the claims count and severity 
distributions. The actuary may not be comfortable in making these ruin assumptions. Instead, he 
or she may generate such distributions by running extensive computer simulations of corporate 
models, i introduce a method to reduce the number of simulations necessary' to estimate the 1 
and 0.1 percentiles of the surplus distribution. This approach 'cuts off '  the tail at approximately 
the tenth percentile of the sample distribution and generates new tails for the distribution by 
resampling. Averages of the new order statistics approximate the I and 0.1 percentiles. 
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Introduction 

In basic ruin analysis, Bowers et al. [2] set up a stochastic process with the following 

assumptions: 

I Claims count distribution, 

2. Claims amount distribution, 

3. No interest or asset performance, 

4. Constant premiums, 

5. Constant expense loadings. 

Even with these simple assumptions, there is still no closed formula for the probability of ruin 

(i.e., when surplus drops below zero), except when the process is compound Poisson with an 

exponential claims amount distribution In the industry, however, we are required by regulations 
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or protbssional standards to conduct computer simulation analysis upon different lines ()/'business 

to obse~'e when business performs poorly We model our business as accurately as possible, 

allowing [br interest and asset performance, changing premium and expense Ioadings We do not 

make assumptions on the claims count or amount distributions; however, we do make many other 

assumptions such as the term structure of interest rates, relationship of our decrements to the 

level of interest rates, and asset default probabilities. Computer simulations reveal our business's 

behavior relative to our assumption of  the term structure of  interest rates. Optimally, we want to 

calculate the probability of ruin within the accuracy of these computer models. 

There are three modeling techniques to consider: parametric, nonparametric, and 

semiparametric. Parametric methods like those in [ 1 I ] require running n simulations and fitting 

the results to the best parametric distribution Six problems with this method are: 

I. Finding the proper size of  n, 

2 Finding the proper distribution, 

3. Finding the proper fitting algorithm, 

4 Determining whether or not the fitting algorithm is data dependent, 

5. Estimaling the support of  the fitted distribution (i.e, the range of  possible values of 

surplus), 

6. Measuring extraneous information which parametric models introduce relative 

to nonparametrie models Currently there are no diagnostics that can measure this 

infbrmation See [1,1] for a brief discussion of  this problem, 

Nonparametric models [ 161 for fitting unknown distributions have these problems: 
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1. The determination of the proper algorithm, 

2 The misestimation of the support, 

3. The need of a stopping rule (i.e., when to stop augmenting the model), 

4. The distortion in the extreme tails, 

5. The increase in the size of the confidence intervals 

The increase in the size of the confidence intervals is most likely related to the inability to measure 

extraneous information. 

Semiparametric methods force a structure upon the model, but usually do not require 

estimates of specific parameters. The best example of this concept in Actuarial Science is the 

Whittaker-Henderson graduation technique, where Whittaker chose his distribution of true values 

"by analogy to the normal frequency law." However, he did not assume the distribution to be 

normal [I0, 19] Semiparametric methods have problems similar to parametric ones, such as: 

I Determining the proper size of n, 

2. Determining the choice of the best distributional structure for the model, 

3. Determining the choices of the best fitting algorithm, 

4. Determining whether the fitting algorithm is data dependent or not, 

5~ Determining the support, 

6. Measuring extraneous information. 

The resampling technique described in Section 3 is best described as semiparametric However, it 

addresses the support misestimation problem. 

in addition to the issue of choosing an appropriate modeling technique, there remains the 

challenge of properly selecting the level of confidence. That is, if estimating an extreme 
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percentile like 1% or 0. I%, should the confidence level be at 90% or 95%, or should it be 

comparable to the level of the percentile, like 99.5% or 99.95%'? 

In my company research, 1 have been restrained to a nonparametric setting with a high 

level of confidence in the left tail Using the following formula from [7]L 

l'r()'~':~r ) = ~ n T p~'(I p)" ~'. 
,, k w!(~- . ' ) !  

where )'~. is the k'th ascending order statistic (i.e, Y1,Y:, , Y ,  where )'l ~< Y2 ~ ¢ Y,,), and ~ is the 

p ' th  percentile, l constructed a Quick Basic program as shown in Appendix I Setting the 

number of  scenarios n {n must be even) and the percentJlep, the program steps through the 

various Yk until the desired level of confidence is obtained. We found that estimating ruin at the 

0 I% level at a 99 95% left tail confidence level required n 10,000 Using I0,000 interest rate 

scenarios for multiple lines &business, even though very accurate, is expensive, time consuming, 

hard to organize, and not as succinct as parametric ruin theory. In this paper, I introduce a 

method to analyze surplus distributions with fewer (n 1,000) simulations, giving rules of thumb 

that help determine whether the 1,000 trials are sufficient. 

Klein [9] noted that changing the underlying distribution of the term structure produces a 

dramatically different surplus distribution We will not address this complex issue in this paper, 

other than to note that the term structure which generates the surplus results in Section 5 is 

consistent between the different lines of business in a given year of study 

In Section 1, I briefly describe resampling and discuss extreme value statistics in detail. In 

~Please note that later editions have eliminated a lengthy discussion of  distribution flee 
confidence inte~'als, 
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Section 2, 1 describe visual and statistical tests which allow the analyst to estimate the specific 

extreme value distribution of the surplus distribution. Section 3 discusses the semiparametric 

bootstrap technique. In Section 4, we examine the bootstrap technique on some known 

parametric distributions. In Section 5, we study fifty-one different lines of business and compare 

the bootstrap estimates with the 10,000 trial empirical distributions for each of these lines of  

business. This section also develops the rules of  thumb, In Section 6, we conclude with a 

discussion of results, other applications, and further research. 

Section 1. Resam, l in~  and Extreme Value Statistics 

The bootstrap resampling technique is very flexible and can be applied to a broad class of  

problems, See [4] for a good introduction to its use. The bootstrap allows you to acquire 

approximate samples of a random variable without specifying a parametric model for the 

distribution. One constraint on this form ofresampling is that the original samples must be 

independent and identically distributed (denoted lid) samples. 

Extreme value statistics had its founding as an actuarial problem. Nicolaus Bernoulli 

considered when n men of equal age die within t years, and he determined the mean duration of 

life of  the last survivor. See [6]. 

All statistical analysis below is constructed to analyze the right tail of  a distribution. In 

our insolvency studies, we desire to study the left tail. In Section 5, we convert the le~ tail 

problem into right tail by multiplying the surplus values by -I. 

Now, let Xj.  > Xe, , > ... > X denote the descending order statistics of  a sample of  size 

n from a population with CDF F(x). The CDF F(x) is said to be in the domain of attraction of  the 
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distribution G(x), denoted D(G), if the fi)llowing theorem holds tbr F(x) 

Theorem I. (Central Limit Theorem tbr Extreme Value Statistics) lfthere exist real numbers 

a,, > O, b,,, n : I, 2 .... such that for all real x 

lira F"( (x  b,)/a ) G(x) 
~t  . . . .  

and if the above limit is nondegenerate then G(x) takes on one of three functional forms {location 

and scale parameters aside): 

O, x <0 
t;~.~,(x) = exp(  x ~'), x > 0 

[exp(  (-x)9, x s O  Gz ~,(x) 
• ~ ! ,  x > O  

G d x )  exp(  exp(  x)), ,~,<x<~ 

where a > 0. 

Frechet found Gl,c, in 1927, and Fisher and Tippet tbund the otber two in 1928. 

Gnedenko proved the above Central Limit Theorem in 1943. After Gumbel used the three 

distributions [6], later literature tends to refer to them as the Gumbel Type 11, Ill, ] distributions, 

respectively~ Our naming convention follows that of  Ealk [5] See [3, 5, 6, 15, 21] for further 

discussion Restated, the theorem says that as the number of  samples approaches infinity, the 

distribution of the largest order statistic is either degenerate or one of the three above 

distributions Gnedenkostatedthat b,, . F ~( I - l /n )  and a, - F  t(! e t/n,) b (See[15])  

Using tile notation from Falk [5], below we use the relation x -:y to indicate that the 
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symbol y is defined to be the expression x on the left hand side. 

The generalized Pareto distribution is defined as 

I - x  ~ -: W~ f i x ) ,  x> I 

1-( . . . . .  I_~x_<0 x) ~2.Jx), 
I exp(x)=:W~(x), x>0 

Note that W~.~(x) is the standard Pareto distribution, W2.~(x) is the uni/brm distribution on 

[ 1,0] and W~(x) is the standard exponential distribution. Denote the tbree distributions 

collectively as W(x). 

Also, letting~ > 0, and if ~; = Gl.~, (;2.~, G~, then note that I +ln(G(x))-14J(x). Also 

Idn((;(x) 1 ")= 

note the following relationship: 

WLaO I I c~X) ' X>?I In 

W~(X +ln(n)), x> -In(n), 

: W(,,,(x). 

We will call the W~<(x) a shifted generalized Pareto distributions. 

Theorem 2, (Distribution Tail Classification Theorem) / , e  1)((i) ifl'its upper tail can be 

approximated in an appropriate way by a shifted generalized Pareto distribution, 

i.e, l . ( (x- t~)&J)  ~ l¢~,)tx) for some shift parameter /; and scale parameter & as n 

approaches infinity. 

Proof:  See Falk 15} 

To summarize, we can classify the tails of all distributions that satisfy Theorem I (up to 
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scale and shift parameters) as either Pareto, exponential or W2,~(x) with compacl SupporV'. 

With the above information, 1 attempted to approximate the extreme quantiles ofF(x) by 

fitting it to a shifted generalized Pareto distribution, using a maximum likelihood estimator 

technique by Hosking [8], as well as a moments method by Pickands [12]. However, these 

estimates were inconsistent with actual values from the parametric distributions in Section 4. 

When trying to fit the exponential distribution, Hosking's algorithm produced an extreme value 

distribution which was not exponential. This result be due the fact that Hosking's algorithm used 

all data obser~'ed; Castillo et al [3 ] recommended against this approach l confirmed this 

recommendation while examining the standard normal distribution. Here, when using only the 

positive samples, Hosking's algorithm would overestimate the higher percentiles When all the 

data was used, the algorithm would underestimate the higher percentiles. 

The following technical theorem guarantees that the joint distribution of the tail order 

statistics converge to one of three tbrms~ This joint distribution will be simulated in Section 3 

using resampling Dwass generalized the Central Limit Theorem in 1966, and Weissman proved it 

in 1977 

Theorem 3. (Generalized Central Limit Theorem) (Xt. -b,,)/a. converges in distribution to an 

extreme value distribution G iff for any k e N the ordered n'tuple, 

~X, . :h# / , , .~% -b,)/,. ...... ~X,. b#/,,#. 

converges in distribution to G a,). Here 6,' ¢~) has the k-dimensional Lebesgue-density 

ZHere compact support is used to indicate that the random variable represented by the 
distribution, takes on finite values. That is, the tails don't extend to either ~:o~. For example, the 
continuous uniform distribution has compact support. 
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k 

g ~kqxpx~,  ... ,xk  ) - ¢;(xk ) l [ ¢ ; ' ( x ,  ) /¢;(x~ ), 
i I 

where x I > x  2 > ... >xkand is zero elsewhere 

. - , ( ~  .aJ G ~ , C i s  the only limit for the joint distribution of  the k largest order So G k E t01.~,  , G:.~,, . 

statistics, standardized with the same location and scale parameters (the a,,and b,, don't have to 

be the same as given by Gnedenko) See [5] for a proo£ 

Weissman [ 18] proved the final theorem we will need 

Theorem 4. (Normalized Spacing Theorem) For F in the domain of  distribution G j ( x ) ,  and for 

fixed k, as n ~o, the normalized spacings ia,, t (Xi ,  , - X  0 ,On) ( i - 1 , 2 , . . . ,  k ) are asymptotically 

jointly distributed as independent standard exponential random variables. 

Reiss [ 13] discusses the appropriate value of k: "We see that in both cases there is a 

trade off between the following two requirements: 

(a) k has to be large to gain efficiency, 

(b) k has to be small enough to get asymptotic normality of the estimator." 

This search for the proper k, which Boos [ 1 ] characterizes as where the distributional tail 

begins, is critical to models in [ 1, 21, 15] Several methods to determine k are outlined in [ 15, 17, 

21]. Boos [I] takes a more empirical estimate. My attempts to estimate the I and 0 1 percentiles 

by using several techniques outlined in [15,21] produced inconsistent results. Therefore, 1 took a 

more empirical approach like Boos [ 1 ] and set k = 0. Ill + 2 for all my simulations. 

Once k is determined, Weissman provides two approximations for # and b,,. The two 

sets of estimators are: 
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A.lommtm 1 "uri~tm'e I-x#mator.~: 

Ma.rimztm /.ikelihoe~d ]'~:~lil~tllof'~: 

/; ~:iq,'(k *2 )  + A~k.,~, ' 

, ;  - ,£ , ,  % 

where the digamma function ~ is defined by 
n I 

~(I)~ y, ~ ( t l ) - y + ~ k  ~ (t~>2), y -  5772156649 .... 
k I 

These formulas are used to estimate the lO0(l-c n) percentile rl,, ofF(x) where c is small when 

compared to it. Here rl,: = h -aln(c) where b is either location parameter above, and a is either 

scale parameter See [ 15,18] Boos [ I ] said "'that Monte Carlo work showed that [the minimum 

variance estimators] are not an improvement over the maximum likelihood estimators .."' 

However, when I tried to apply both Weissman estimators directly using methods to 

determine k from [ I, 15,21 ], 1 did not obtain consistent results. 1 believe the inconsistcnces derive 

from the fact that the Weissman estimators were heavily dependent upon the worst case order 

statistic, which is known to have the largest variance of all the order statistics 

Section 2. Visual and Statistical Tests for Exnonential  Distributions 

Boos [I] describes the following technique to determine the domain of attraction of a 

distribution's tail. Take the top n/5 sample order statistics, and plot them against -In(i/(n+ I )) for 

i= [,2, [~}. If the graph appears to be a straight line, the distribution hasan exponential tail 
k - - J  

,(kl 
attracted to ( ,~ (x )  If the graph bends down (concave down) the distribution has compact 

192 



support similar to the uniform distribution and is attracted to (;({~l,)(.r). The tails of these types 

of distribution have less area than the exponential distribution and are said to be lighter than 

exponential tails. If the graph bends up (concave up) the distribution has a Pareto like tail and is 

,0,) attracted to (,(i.~)(x) These tails are considered to be heavier than exponential and will have 

more area under them than exponential. 

In addition to the visual test, the following statistical test (hereafter denoted CS test) by 

Castillo et al [3] reduces confusion about the domain of attraction. Consider the following 

regions: A,2 : / 1 ..... [¢fi]l and A~ 4 - / [ ~ l  ..... [2¢~J]1, where Ix] denotes the greatest 

integer less than x. Let ,~,'~2 and?;~4 be the slopes of the least square lines between 

-In(-In((n*l-i+O.5)/n)) and the order statistics IX,,} for i in At2 and A~4. respectively. 

,(k) I v l  The quotient A'~4/$12 will have large values for distributions attracted to (,~2.~)~j, small values 

(near zero) for those attracted to (,~.~(x), and midrange values for those attracted to 

t,~[~(.v). See ts] for f Nher explanation. 

The results of the visual test are displayed below in Figures 1 through 3. The parameters 

and slope ratios of these three examples are contained in Section 4. 
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Seelion 3. S e m i p ~ ~ s  r3zagTechniqu_e 

This technique approximates by bootstrapping the joint distribution of the k largest order 

statistics(;~ k~ of Theorem 3 Zelterman developed lhis method, which is discussed in [15 .21 ,22 ]  

Zeherman [21 ] discusses the problem of limited support, where prior estimations of Xj~ 

by bootstrapping did not have points larger than )l'l. In fact. the bootstrap distribution had a 

point mass at the observed X~. tte overcame this limitation with the following approach 

Define the vector of normalized spaces d = {d,l of the k+ 1 largest order statistics as 

By Theorem 4, the ld } are approximately lid exponential random variables when n is much larger 

than k Please note realize that the normalized spacings above are different from Theorem 4. 

Becausea  are unknown and constant across all the distances, we can remove a,, to pertbrm 

the simulation. I,et {all',,. t_ll? } be a bootstrap resample o f  size k drawn with replacement from d 

The bootstrap resample .rt'~, > .r(2] , > .  > A'[,, of  the k largest order statistics is defined by 
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k 

In the bootstrap, all that is needed is the fact that the d are approximately lid. We do not 

use the fact that they are also approximately exponentially distributed. Zelterman 121] goes on to 

show the theoretical underpinning of the above technique. Note also that the different -~'t'~ are 

not limited by the original "~]n- The collective {,1~],',} simulates a sample from the joint 

distribution discussed in Theorem 3. 

In the analysis below, we resample each sample distribution's tail 500 times and collect the 

resampled X,~, for specific t. The rule to estimate the 1% level is O.Oln + 1. The rule to 

estimate the O. 1% level is 0.001 n + 1, if n > 1000. If n < 1000, we will linearly interpolate the 

first and second order statistics by ( 1 -n/1000)Xi, +(n/1000)X2 . Formulas of this type are 

discussed in [1]. 1 did conduct an empirical experiment with the surplus data in Section 5 by 

resampling at 1000 times instead of 500. There were minor improvements, but they were not 

worth the extra time and computer memory in the simulations. 

This technique essentially cuts the tail offand attaches additional tails with distances based 

on the original tail When this technique is used to estimate heavier tails than exponential it 

should underestimate the quantiles. Obviously, for lighter than exponential tails, it will 

overestimate, which is the case with the distributions with compact support in Section 4 

At this point, l want to mention two other failed attempts at approximating the percentiles. 

First. I created a sample distribution for F by applying Theorem I. In this attempt, I 

took n=300 and resampled 1000 times, only collecting values on the first order statistic, .V~. i 
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sorted the 1,000 ,,alues into 100 bins and divided the size of each bin by 1000 to produce a 

sample density function By sunnning the values in each bin, I created an empirical sample 

cumulative distribution () By Theorem 1, v~e can approximate the underlying distribution F by 

taking the 1/300 root of ().  However, the estimated percentiles dramatically misestimated the 

actual parametric distributions percentiles As mentioned above> I believe such a lack of fit results 

from the thct that ?t'l~ has the largest variance among all the other order statistics See [211 for a 

further discussion on the variance of  "~'1,, 

In my second attempt, 1 approximated the scale parameter a and the location parameter h 

from the known parametric distributions From these samples, I resampled the ~ and the h and 

compared the averages of  these resampled values to the Gnedenko theoretical values fbra,~ and 

b ,  They were not close Note: 1 did not satisfij the lid requirement for this test 

The common thread to all the failed attempts mentioned here and in Section 2 is the 

attempt to approximate G(×) using only ,~(~ 

Instead of  concentrating on ,k'~,,, Section 4 results are tied to resampling the extreme joint 

distribution of Theorem 3. 

Section 4. Known Parametric Distributions 

Initially, 1 studied the technique against fifteen parametric distributions to estimate the 

extreme quantiles. This section lists the distributions and their parameters, and the visual and 

statistical tests on each distribution. Table 1 lists the distribution, the parameters and the actual 

extreme quantiles. It also shows the observed extreme quantiles from a 10,000 sampling (Note: 

Beta l through Beta4 are from the Beta distribution vdth different parameters chosen to test 
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different compact support distributions ) 

N a m e  

BETA1 

BETA2 

BETA3 

BETA4 

CAUCHY 

CtlISQ 

EXPON 

GAMMA 

LOGISTIC 

LOGNORM 

NORM 

Parameters  

cz] 02 

¢~2:0.8 

ct) 3 

o~2=3 

¢~1 =5 

~2 - 15 

O~j =2 

¢¢::0.8 

c~-I 

13-1 

v-5 

p 5  

0~=5 

13-1 

cc-5 
13-1 

p - I  
o :0 .5  

p 0 
o 1 

.984 

.923 

.985 

.992 

.93 

.86 

.96 

.97 

Actual  

9 9 . 9 %  

Actual  

9 9 %  

10K 

9 9 . 9 %  

1.00 

.95 

1.00 

1.00 

319.309 

20.486 

34.539 

14.794 

11.907 

12.745 

3.09 

32.82 

15.09 

23,03 

11.61 

9.60 

8.70 

233 

254.48 

20.17 

37.67 

14.61 

12.14 

1271 

3.02 

10K 

9 9 %  

.98 

89 

.99 

I00  

31.60 

14.88 

23,28 

11,54 

950 

8,64 

2.27 
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Name 

PARETO 

STUDENT 

UNIFORM 

WEIBULL 

Parameters 

0=l . l  
t l 5  

v=5 

a = l 
h=5 

a - 2  
PJ 

Aclual 

99.9% 

2668350 

5.893 

4996 

2.63 

Actual 

99% 

32897 

3.37 

496 

215 

10K 

99.9% 

2148.89 

593 

5 

2.68 

I0K 

99% 

35321 

334 

496 

216 

Table I ] 

Figures 4 through 15 are right tail graphs of the above parametric distributions, with the 

other three already displayed in Figures 1 through 3 
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1 cE.co 

g~Ec~ / f  
9 ~ ¢ 1  

Figure 4 Figure 5 Figure 6 
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CE+CO : QE÷GO 
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Table 2a compares the relative error of  the 50% resampling estimation of  the 99.9% and 

99% quantiles of  the above parametric distributions with the actual 909% and 90%, and the 

99.9% and 99% I O,O00-trial estimate The high relative errors of  the beta distributions were not 

surprising, since the visual and statistical tests indicate a lighter than exponential tail. The same is 
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true tbr the Cauchy and the Pareto, because the visual and statistical tests indicate thal the tails 

are heavier than exponential The only surprise is the Student distribution, where the visual and 

statistical tests state indicates that the tail is exponential (which is trueL but the resampling 

technique dramatically underestimates the actual This result may relate to the fact that the slope 

ratio is low (0 82) and the bootstrap estimator would tend to underestimate This anomaly is also 

noted in some of  the line of  business graphs in Section 5 

Name 

BETAI 

BETA2 

BETA3 

BETA4 

CAUCHY 

CHIS(.) 

EXPON 

GAMMA 

LOG1ST1C 

LOGNORM 

NORM 

PARETO 

STUDENT 

UNIFORM 

"~'34 

NL2 

1040 

2 6 9  

264  

748  

0.03 

062  

091 

1.59 

125 

1 O0 

182 

0 2 6  

0 82 

644  

D(G) 99.9% 

Actual 

-0 34 

-0 10 

-0 06 

-003 

0 77 

007  

008  

0 03 

0 0 6  

0 10 

0.06 

0.74 

0 2 4  

-0.08 

99.9% 

10K 

-032  

-007  

-0.04 

-002  

071 

0 06 

015  

002  

0 07 

0 10 

003  

0.68 

024  

-0.08 

99% 

Actual 

-0.14 

-005  

-004 

-003 

-0.46 

0 0 4  

0.01 

0 02 

001 

0.01 

0O6 

-0.27 

008  

-0 02 

99% 

10K 

-008  

- 0 0 l  

-001 

-001 

-052  

0O3 

002  

0.02 

0OO 

0 0 0  

0.03 

-018 

0 0 7  

-002 
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Name St 4 D(G) 99.9% 99.9% 99% 99% 

Actual 10K Actual 10K 

WEIBUL[. 134 3 -008 -0.06 -0.04 -0.04 

Table 2a ] 

Table 2b displays the mean, standard deviation, maximum and minimum values of the 

,S'~4/$1~ ratio on 64 sets of 1,000 random samples for each parametric distribution. I arbitrarily set 

the b;~4/,~;~: region of acceptance for Region l (heavier than exponential tails) for the ratio below 

.70, Region 3 (exponential tails) for the ratio between 0.7 and 1.99, and Region 2 (lighter than 

exponential tails) for the ratio greater than 1,99. The first probability column indicates the 

probability that the given distribution falls in Region I The second column indicates the 

probability that the given distribution falls in Region 2 For all the eight Region 3 distributions, 

the cumulative probability of Type I error is 0 1603 The majority of this is due to the large error 

(0.05 l) in the Student distribution. Two other surprises are how frequently the exponential and 

the Iognormal distributions failed. The Type 1 error for the five Domain 2 distributions is 0.0814 

The Type 1 error for the two Domain l distributions is 0.000. 

Name Mean Stdev Max Min 

BETA1 6.470 1814 12104 3.058 

BETA2 2 147 0.507 3706 1.256 

BETA3 3543 0937 6 197 1.929 

Region 1 Region 2 

t'r(S~JSj:<0. 7) Pr(S~41SI~> 2 0) 

0 I 

0 O~ 609 

0 0.984 
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Name Mean Stdev Max Min 

I 

BETA4 7518 2055 16.271 3734 
I 

CAUCHY 0.103 0079 0358 0 007 

CHISO IO77 0315 i 1.802 I 0420 

EXPON 1.037 0.332 1 7 7 5  0493 
i 

GAMMA i 1.273 0402 2 1 9 4  0.615 
i 

LOGISTIC i 1062 0.325 2.318 [ 0595 
I i 

LOGNORM 0941 0318 1934 0.446 
I 

NORM 1.336 0333 2173]  0725 
I 

PARETO / 0 119 0.089 0361 0.0001 
i l 

STUDENT i 0 788 0.256 1388 ' 0301 

UNIFORM j 5494 1521 10279 3031 
/ 

WEIBULL I 349 0.454 2828 0687 

Region I Region 2 

t'r(S~jSI2~0 7) I'r(S,jSI2> 2 0) 

0 I 
I 

I 0 

0094 0 

0 188 0 

0047 0.047 

0 094 0016 

0219 0 
i 

0 0047 

I 0 

0406 0 

0 1 
i 

0016 0109 

I "[able  2b  

Table 3 contains a comparison of  the 99 9% estm~alor using different sample sizes ( n  - 

100, 200, 400, 800, 1000 and 2000). Here, instead of using the relative error, we compare the 

observed point estimate percentile in the 10,000 trial samples The term "Over" is used if the 

bootstrap estimate fell outside the values in the 10,000 trials The acceptance region for the 

99.9°'0 estimator was (99 85%, 9994%) 
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99.9% 

Name n=100 n=200 n=400 n=800 n=1000 n=2000 

BETA1 Over Over Over Over Over : Over 

BETA2 99.94 Over Over Over Over Over 

BETA3 Over Over Over Over Over Over 

BETA4 Over Over Over Over Over Over 

CAUCHY 99.38 99.34 99.76 99.62 99,61 99.85 

CHISQ 99.19 99~40 99.78 99.79 99.82 99.82 

EXPON 99.38 99.62 99.73 99.73 99.77 99.79 

GAMMA 96.96 99.76 99.84 99.85 99.85 9985  

LOGISTIC 99.15 98.95 9939  99.62 99,69 99.85 

LOGNORM 99.06 99.70 99.77 99.81 99,83 9987  

NORM 99.48 99.64 99.73 99.86 99.85 99,97 

PARETO 99.03 99.35 99.27 99.44 99.52 99.47 

STUDENT 98.05 98,53 99.37 99.52 99.64 99.81 

UNIFORM Over Over Over Over Over Over 

WEIBULL 98.61 99.11 9985 99.92 99.95 9995  

Scorecard 

Over 4 5 5 6 7 

Ok 1 0 0 2 4 

Under 10 10 10 7 4 

Table 3 I 

Table 4 compares the 99% estimator with sample sizes In = 100, 200, 400, 800, I000) 0 

The acceptance region for the 99% estimator is (98.50%, 99.49%). Table 4 has better results 
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than Table 3 because of  a larger acceptance region 

99% I 

N a m e  n=100 n=200 n=400 i n=800 n=1000 , 

BETA 1 Over Over Over Over Over 

BETA2 97.98 9879 9901 9928 99 19 

BETA3 9933 984l  99.19 99.72 99.84 

BETA4 Over Over Over Over Over 

CAU('tIY 99 13 9904 9961 99.41 99.33 

CHISQ 98.14 98.29 98.35 9851 9883 

EXPON 98.75 98,76 9873 98.75 9894 

GAMMA 95.26 98.83 98.68 9883 9881 

I,OGISTIC 98.18 9728 98.01 9873 98.98 

LOGNORM 98.34 99.07 98.79 9896 99 00 

NORM 98.51 9863 98.18 98.80 9877 

PARETO 98.80 99 07 98,71 99.07 99.18 

STUDENT 96.45 96 69 97.90 98 49 9g. 65 

UNIFORM 97.85 Over Over Over Over 

WEIBULL 96.96 97.43 9862 9924 9924 

Scorecard 

Over 4 4 

Ok I0 11 

Under 1 0 

Table  4 

Section 5. Empirical  Surplus  Distributions 
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Following is an application of the above techniques to the projected surplus of 51 different 

lines of business (LOBs), denoted "LOBm'" for m [ ..... 51. ]he  analysis includes 3 year-end 

projections (1992-4) for each LOB Appendix 11 shows the visual tests for 1992 and estimation 

tables for the 1992-4 LOBs) The following analysis examines the right tail of a distribution To 

study the surplus values below zero, all the surplus values were multiplied by - l to turn the left 

tail analysis into a right tail analysis 'l'he visual and statistical tests have this adjustment as 

evident in the graphs However, the estimation tables display discounted surplus values with the 

original signs. However, any references to high I 0,000 trial quantiles refer to their complement. 

For example, 0 I% is displayed as 99.9%. 

The given samples represent projected accumulated surplus at year 20, discounted to 

present. These values should give a good indication of long-term company solvency) Since we 

do not do a parametric fit, the following score card will compare the I 0,000 trial quantiles with 

the resampled quantiles where n : l , 0 0 0  The region of acceptance fbr the domain of convergence 

is the same as in Section 4 Table 5 shows scores for the 0. I% estimator. 

99.9% 

Name 

LOBO 1 

!~4/A,i~ D(G) 

1992 

1.22 

IOK 

% 

99.89 

1993 

007 

D(G) 10K[ 
% $34tSI2 

I 

1994 l 
) 9 9 1  NA 

)(G) 10K ] 

% 

NA NA I 

~Graphs tbr 1993 and 1994 are available upon request. 

~These values are not perfect indications of'solvency, since the LOBs could become 
insolvent after 20 years ttowever, we do not have access to a computer model that allows us to 
model at infinity. In addition, the business could become insolvent before 20 years, but recover 
and show positive surplus at year 20 To properly model these events, we would need a 
multivariate distribution, which is beyond the scope of'this paper 
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99.9% 

N a m e  

LOB02 

I,OB03 

LOB04 

LOB05 

LOBO0 

LOB07 

I .OB08 

LOB00 

LOB I o 

LOB 1 I 

LOB 12 

LOB13 

L O B I 4  

[,OBI5 

L O B I 6  

LOB 17 

L O B I 8  

LOB 19 

I .OB20 

LOB2 I 

LOB22 

LOB23 

LOB24 
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99.9% 

Name 

LOB25 

LOB26 

LOB27 

LOB28 

LOB29 

LOB30 

LOB3 I 

LOB32 

LOB33 

LOB34 

LOB35 

LOB36 

LOB37 

LOB38 

LOB39 

LOB40 

I.OB41 

LOB42 

LOB43 

LOB44 

LOB45 

LOB40 

LOB47 
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99.9% S~41S1 : D(G) 10K 4);;4tSl. D(G) 10K St4/SI: D(G) 10K 

Name % % % 

1992 1993 1994 

LOB48 182 3 9998  155 3 9 9 9 6  323 2 OVER 

LOB40 {)22 I 9980  0.85 3 9988  0 7 0  3 9 9 9 9  

LOB50 2 14 2 OVFR 083  3 9 9 9 4  NA NA NA 

LOB5I 1 67 3 9998  1 34 3 99 96 NA NA NA 

SCORE 

( 'ARD 

l OVER NA NA 0 

1 1N NA NA 0 

I I.fNDER NA NA I 

2 OVER NA NA 5 

2 IN NA NA I 

NA NA 0 NA NA I 

NA NA 4 NA NA I) 

NA NA I NA NA t 

NA N A  5 NA NA 2 

NA NA 0 NA NA l 

2 kINDER NA NA 0 NA NA 0 NA NA 0 

3 O V E R  NA NA 5 NA NA 20 NA NA 21 

3 IN NA NA 13 NA NA , 14 NA NA 3 

3 [!NDER NA NA 6 NA NA I NA NA 2 

I Table 5 ] 

[ 'able 6 is tile scorecard tbr the 1% estimator Notice that the estimator is "~eo good at 

tile 1% le,,el, no matter what the domain o f  convergence  This result is fairly understandable 

because 1,000 lrials will give a high confidence interval on the I% estimator (See Appendix 1 
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SCORE 

CARD 

1992 1993 1994 

I O V E R  1 0 0 

I IN 0 5 2 

I U N D E R  0 0 0 

2 O V E R  2 0 I 

2 1N 4 5 2 

2 [JNDER 0 0 0 

3 OVER 0 3 3 

3 IN 24 32 23 

3 U N D E R  0 0 0 

Table 6 [ 

Overestimation of the surplus is conservative, because the estimated surplus will indicate 

that the company is insolvent more frequently than in actuality As you may see from Table 5, 

o'~'erestimation occurs at the 0 I% level, despite having exponential tails This difficulty 

corresponds to the overestimation observed in the Student distribution mentioned in Section 4. 

This misestimation has led me to the following rules of  thumb: 

Rules of Thumb 

I. All business v~ith tails heavier than exponential should use 10,000 trials 

2 All expensive business, where overestimation would be critical with tails 

exponential of lighter, use I 0,000 trials 

3. If visual and statistical test behavior is maintained into subsequent years, the 
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additional runs may not be necessary. 

[[sing Rule ot"lhunlb I. I determined that in 1992 LOB40 should be run 10.000 times due 

to hea~ier tails In 1993. LOBs 4. 5, (~. 3 {) and 43 shoukt be run In 1994. l.()Bs 39 and 40 should 

be processed 

Section 6. Conclusions and Further Research 

I tested m~ technique tbr robustness ~ith another simulation not presented here I set n 

equal to 400. and I examined all 1992-4 l.OBs Here. I compared the relative errors o1" the 0 I%. 

I%. 5°0 and 10% estimators There ~as  no appreciable visual dit'ference bet~,een the cumulative 

proportion of the first study and a collective set of twenty-five studies 

The analysis in this paper has concentrated on point estimates As you can see in Tables 

7-12 in Appendix 11, percentiles other than the 50'th percentile arc displayed [ o  place a one 

sided confidence inter,,al on the extreme quantile, just choose a Im~,er percentile than the 50'th 

Further research is needed here, to see if the bootstrap estimator can give better interval 

estimators 

The resampling estimator appears to be a very effective estimator when coupled with the 

CS test tbr the type or'tail However, Strawderman and Zelterman { 15/have developed a method 

that does not use resampling, but approximates the bootstrap CDF through a saddlepoint 

approximation/bund by Wood et. al [201. Further research could be conducted here. 

Further analysis of the CS test should be conducted as well One area is to test the 

sensitivity to changes in underlying parameters. Also, a more scientific method to choose the 

boundaries of the test should be developed 

Other areas of  research ,.~,ould be to examine a better choice of,{', instead of  the simplitied 
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~ule used in this paper. Another promising method would be tile technique developed in [17]. 

In close examination of  the three years of surplus data, the I 0,000 trials used were 

different for each year, however they were constant within the year The models for each line of 

business may have been improved For example, LOB49 was modeled the same in years 1992 

and 1993, but was changed in 1994. However the domain of the distribution went from one to 

three between years 1992 and 1993, and remained at three in year 1994. It appears that term 

structure of interest rates affects the domain of convergence, and further research should be 

conducted on this effect. 

Region I distributions, according to Gumbe116] and Strawderman and Zelterman [ 15], 

can be transformed to Region 3 distributions using the natural logarithm This transtbrm may 

modify the rules of thumb. 

In conclusion, we have developed a method to reduce the time and costs of testing 

insurance company insolvency. We have removed several assumptions about the surplus 

distribution and have replaced them with results from extreme value theory. We have introduced 

the CS test, which will allow actuaries to determine the riskiness of a line of business. We hope 

that these methods and tests will be adopted to reduce risk and develop better and safer products 

in our industry 
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rewording and revision of  the paper, and Gayle Williams for working on the preliminary graphics 
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Martha Rohlck, who managed the nightmare of generating the 10,000 trials for the last three 
years. All my love and gratitude go to my wife Patricia and my daughter Michelle and my sons, 
Samuel, Bradley, Evan and Carl, for their patience while researching and writing this paper 
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A p p e n d i x  I 

CLS 
PRIN [ "1"his progt am determines tile confidence interval" 
PRINT "of  the k'th order statistic, o f  the p'th percentile" 
INPLrI  "~shat is the total number  o f  trials (n) '~'', N 
INPUT "~vhat is the percentile (in xx)?", p 
SUM 0 

F O R K  0 [ O N -  I 

prod# 1 
FOR I 1 f O  K 

prod# p r o d # * I N - I +  I ) / ( K - I  ~ l ) * p * ( l - p )  
' PR1N[  prod# 

IF prod# " 1D-220 TI IEN prod# - O! 
N E X I  1 
I F K : "  N / 2 T t t E N  

FORI  1 T O 2 *  K - N  
prod# p r o d # / ( I  -p )  
NEXT 1 
END IF 
I F K "  N / 2 T I I E N  
F O R I -  I " I ' O - 2 "  K + N 
prod# p r o d ; ; * ( 1  -p}  
NEXT I 
END IF 

SLiM = SUM ~ prod# 
C O M P S U M  - I# - SUM 
IF ( ' O M P S U M  < -  .0000002# TIIEN G O ' f O  ARB 
PRINT "prob  that the"; K ~ I, '"th order slat is less than the": IO0 * p: "4o is "~ 

C O M P S U M  
I f : ( K t  I ) / 2 0 = I N T ( { K  ,~ f J / 2 0 )  THEN 

INPUT "PRESS ENTER";  QRY$ 
C t ,  S 

END 1F 
NEXT K 
ARB: [:.ND 
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LdB' WORST 10K 

CASE ACTUAL 
LOB01' ' ' -030 -015 

LOB02 1949 1963 
LOB03 -1395 -11 87 
LOBO4 -os oe 22 o7 
qE~e -o 07 ,o 03 

LOB07 0 02 0 07 

YEAR 1992 PERCENTILE 

1TH $ 1OK RE 
EST DELTA % 

! "  -033 0 t9 1 1000 I 26 

1881 073  11000 004 
-2003 817  1 1000 -0~1 

-10136 12343 1 1000 559  
`008 004  1 1000 -1 30 

09990 K 102 N 

10TH $ 10K  ' ' RE 
EST DELTA % 

r .023  • 0 ' 0 8 '  "0899e -054 

1818 044  11000 002 
-1690 404 1 1000 -034 
-1810 4117 09995 1 87 

-0 06 0 03 O~gg~ 43 77 

IO00 

25TH " $ 1OK ' RE 

EST DELTA % 
. . . . .  :o18 o o 4 ' b ~  -o~4'  

1930 033 11000 002  
-1380 1~4 09986 ~ 1 8  
21 04 1 03  0 9991 0 06 
4305 002  09996 .044  

SOTFI " { 10K RE 

EST DELTA % 
r" `0.14 `00~ ' ' 0 8989 0 0 7  

1840 017  11000 001 

-11 99 0 12 00991 -001 
55 94 -33 87 0 9984 -1 53 
-004 {300 09991 -010 

006 00(3 09992 005  0 0 7  4301 09989 0 0 7  0 0 8  4301 09985 `016 008 `002 09981 `0324 0 0 8  4102 09981 4324 
OBC9 003  003 003  0(30 1 1000 004 003  000 I 1000 003 003  OQO 11000 0 0 2  003 0 0 0  09999 001 0 0 3  0(30 09@99 002  

LQRIO 267 372 171 201 1 1000 054  308  06S 09995 017  3 4 7  026 09993 0 0 7  379 .-006 09980 .002  3 7 2  ,000 09990 4300 
O815 342  345 338  008  1 1000 002  341 004 1 1000 001 342  003  09998 001 344 001 09994 0(30 3 4 4  001 08996 0(30 

LOB16 249  250 248 002  11000 001 249 001 09998 000 250  000  09992 000  251 4301 09988 ,0C0 ~51 `001 09989 430(3 

.O817 -1729 -1054 -1589 515 09998 4:)49 =1187 133 09994 `013 9 9 0  4364 09987 006  807  -248 09975 0 2 3  -838  -216 0~978 020  
0819 054  054 052  002  1 1000 004 053  001 11000 002 0 5 3  001 1.1000 002  054 001 08999 001 0 5 4  001 09999 0.01 

.0828 -67 79 -41 18 -9368 5250 1 1000 -1 27  -7043 29 25 11000 `0 71 -57 80 1662 0 9997 4340 -48 45 5 27 08992 -019 -48 28 710 0 9994 .017  

0827 4322 `017 -030 013  1 1000 4373 4323 00,5 1 1000 .031 4319 0 0 2  09995 .011 4317 4301 09990 004  4317 -000 09990 0.01 
. ~ 8  -0(38 -O03 4308 004  1 1000 -1 30 .0,06 002  09998 .071 -005 001 09995 4 3 6  -00,3 -300 09990 0 0 0  . 0 0 4  00(3 09992 `004 

(:3829 640  810 470 339 1 1000 042  802  208 1 1000 02'5 654  156 09999 019  700 t ! 0  0999J5 014  691  1 18 09998 0.15 

OElal 0(30 024 020  005 09994 019  0 2 9  -005 09988 ,020 034  -O10 00983 ,040 039 -015 09976 ,060 0 3 8  -014 09978 -057 
.O832 268 610 454 156 09997  026  558  053  09993 009  6 2 2  .0,12 09990 .002  680 .070 09985 -011 6 7 3  .063  09986 `0.10 

0833 000  002 001 001 09996  041 001 00(3 09994 009  002  .000  09985 .007  002 .000 09980 -021 0 0 2  .00(3 09980 .018  
001 001 0;00 00(3 1 1000 045  001 QO0 09996 014 001 0(30 09994 005  001 .000  09989 -005 001 .000  09990 4302 

. ~  004  013 011 002  09995 018  014  .001 09985 .008 016  -003 09974 .020  017  .004  09963 .028  O17  ' ,003  09968 4328 

019 039 019  020  1 10OO 051 031 00?  09995 019 0 3 6  004  09993 010  039 0(30 09991 0 0 0  0 3 8  0(30 08991 0,01 
~1842 `098 `018 -066 050  09998 -311 4339 023  09995 -141 -027  011 09994 .067  .014 4302 09988 011 -O18 0 0 0  0.9991 .002  
J[]B¢4 -1 65  -0 83 1 99 1 1~ 1 1000 -1 39 -1 18  O 39 09995 .042 "0 91 0 08 0 9993 "010 .0.70 .0 14 0 9987 0 16 -0.75 .009 0,9988 0 10 
J{31~5 529  805 388  218 11000 036  470  1 35 11000 022  514  091 11000 015  552 052  09998 0 0 9  5 4 5  060 09999 010  

JQEI46 14919 15388 13832 1556 1 10OO 010 14365 1023 1 1000 007  14695 693  1 1000 005  15044 344  09998 002  14985 403  0,9999 0 0 3  
JOl~7 6291 6886 4246 2640 1 1000 038  5345 1542 1 1000 022  5787 1099 11000 O 16 61 97 690  1 1000 0 1 0  61 05 761 1.1000 0.11 
.O848 043 051 030  022 11000 042 038  014 11000 027 0,42 089  1 1000 018  047  004 09998 0 0 8  0.46 005  09998 010  
J{:]B49 -930 444 .083  361 09983 088  029  473 0{~J81 1 07 041 -485 09980 1 09 048 -492 09980 1 11 0 4 3  -487 09980 1 10 

431 443 352 091 11000 (320 ~ 384  059 1 1000 013 4 0 3  040  1 1000 009  417 0 2 8  1 10(30 OOe 4 1 4  029  11000 0 0 7  

J3851 322 331 305  027  1 1000 008 316  015  1 1000 005  320  011 11000 003 325 006  09998 Q02 3 2 4  007  09999 002  

I . . . .  

13118 10346 -8 4 e 241 ,0  i~ 6~ 3s78 . . . .  259 1,~ -24 50 

ME,~N $ 10K ..... RE 

EST DELTA % 

1943 020  11000 001 
-12 37 0 51 09994 .004  
48 57 -26 50 09965 -1 20  
4304 00(3 09991 . 0 t 3  



.OB WORST 1OK 
CASE AC~JAL 

.0801 -0 30 0 07 
_0802 1949 1991 

O803 -I 3 95 ~Ei 57 
.0804 -9586 16822 

.OB06 -007 0 01 

YEAR 1992 PERCENTILE 

ITH $ 1OK RE 

EST DELTA % 
-004 011 09972 1 53 
1969 0.22 09979 0,01 

-923 2 87 0 9971 -0 41 
11037 5785 09958 034 

-O0t 002 09968 242 

0 ~ 0 0  K 102 N 

IOTH $ 1oK .... RE 
EST DELTA % 

~'.Ol o o 8  o ~  111 
1978 013 09965 001 

-807 1 50 0 9948 -023 
1320~ 3615 09944 021 

-0 O0 001 0 ~ 4 5  1.44 

1000 

25TH $ 10K RE 
EST DELTA % 

0 01 007 09951 0.90 

1982 009 09950 000 

-749 092 09929 -0 14 
14370 2452 09928 015 

0(30 001 09933 0 

50TH .. . . . .  $ ' 1OK RE 
EST DELTA % 

002 005 0 9942"" 068 
1987 0.03 09920 000 

-686 029 09911 -004 
15546 12.78 0r~15 008 

0 (30 0.01 09921 056 

MEAN $ "" 101~ .... RE 
EST DELTA % 

0.02 005 0 9942 0,69 
1987 004 09921 O00 

~.89 033 09912 -005 
154.11 14,11 09917 008 

0 O0 0.01 0 9923 060 
.OE}07 002 011 010 001 09949 007 OiO 000 099'29 003 011 000 09915 001 011 "(300 09894 -001 0.11 -000 09896 -0.01 
.0809 003 003 003 000 09980 0 0 1  003 000 09952 001 003 000 09945 001 003 000 0,9923 000 003 0,00 09924 000 

.O810 287 498 429 0 89 09975 0.14 4 60 0.38 09956 008 4.75 023 0,9042 0,05 4 89 0-09 0,9925 002 4.87 0.11 09920 002 
OB15 3 42 349 347 0,02 0 9969 0,01 348 001 09938 0 (30 3.49 000 0 9916 0.00 3 50 -0.00 09687 -000 350 -000 09891 -0 00 
.0818 249 2 53 2.53 0 01 09952 000 253 0.00 09918 0 O0 = 2 53 -000 09891 -0 O0 2,54 -0 O0 0 9857, ~O,CO 2 54 -0 (30 09858 -000 
O817 -1729 -1,68 -4.43 274 09981 -1 631 -311 1 42 09933 -085 I -2,49 0.81 09<321 ~ 4 8  -1 87 0.19 099(36 -0 11 -189 0,21 09907 -0 12 
.0B19 054 055 055 001 09975 001 055 000 00956 0.01 I 055 000 099,36 000 055 0.00 09923 000 0.55 000 0.9925 O00 
OB28 -87 79 -1 93 -2209 21.06 0 9967 -1091 I ~1640 14 48 0~351 -7 49 -1249 '~056 0 9942 -547 =816 8.23 0 99L:N5 -323 -835 842 0,9926 -3 33 

.0827 -022 -006 011 005 09963 -080 -009 003 09940 -0.48 I -008 0,02 09927 -030 -007 001 09917 -0,15 -007 0,01 09919 -0 17 

.0828 -008 0.02 -000 002 09957 123 I 000, 001 09940 078 I 0.01 001 09934 0.52 001 000 09922 029 I 001 0.01 09922 050 

.0B29 840 9 08 797 1 11 0 g991 0 12 i 8 36 072 09982 008 854 0 54 09975 006 8 70 0 38 09961 0 04 869 039 09964 004 

.0831 000 059 050 009 09950 015 I 054 0.05 09941 009 0.55 003 0.9935 006 057 001 09912 002 0,57 001 0,9914 0.03 

O832 268 972 8.57 115 09959 0 2 887 085 0.9953 009 I 906 066 09941 007 926 0.48 09931 0.05 9.26 048 09931 005 
.0833 0 O0 0 03 002 000 0.9945 0.12 I 0 03 0 (30 09921 0 04 0.03 0,0(3 0 9910 0 O1 003 -000 09881 -002 0 03 -000 09886 -002 

0B34 001 001 00t  000 09955 008;  001 000 09913 002 001 -000 09891 -001 0.01 -000 09877 -003 001 -0-00 09879 -003 
.0835 0 04 020 0 15 0,01 0.9930 0 06 i 0.20 0 O0 0 9'303 0(30 0.20 -000 0.9885 -0 02 020 -001 09853 -0 04 0.20 -0 01 0.9855 -004 

.083~ 0.19 052 0 47 0-05 09956 0 10 0,50 0 03 09931 005 0 51 001 09918 0 02 052 -0,00 09896 -000 0,52 0 O0 0.9901 000 

.0842 -098 023 0.06 016 09957 0.72 015 007 09929 032 020 003 0~914 0.14 024 -0.01 09894 -0.06 0,24 -001 0.9894 --004 

.0844 -1 85 0 14 -025 0 40 0 9955 284 -010 0 24 0 9938 1 71 -0 (30 015 0 9934 1.02 009 005 09916 038 0 07 007 0 9917 0,49 

.0845 529 706 829 078 09975 011 657 050 09961 . 0.07 669 037 09948 005 885 022 09931 003 (784 023 09932 003 
0B46 14919 163 08 15758 5.50 09977 003 15979 3 29 09954 002 16078 230 0.9948 0 01 161.89 1.19 09927 0 01 16t .88 1.20 0.9927 0 0i 
.O847 82,91 7675 68,18 856 09995 011 709~ 5.78 09979 008 7229 446 0 ~ 5  006 7393 261 09956 004 7378 296 09957 004 

,OB48 043 063 056 006 09970 010 059 003 09948 0061 081 002 09918 003 062 000 099(34 0(30 062 0(30 09904 001 
O849 930 087 042 044 09980 0.51 057 030 09978 035 O82 025 09975 028 067 0,20 09973 0,23 0.65 022 09975 025 
.OBS0 431 4 85 4 39 0 28 .0  9996 0 06 4.50 0 15 0 9980 0 03 i 465 0 10 0 9962 0.02 461 004 09931 001 4 60 0 05 O ~937 001 
,O851 322 340 333 0.07 0 9 ~  002 33(} 004 0 ~ 1  001 338 002 09939 001 340 001 09914 0(30 340 001 09914 0CO 

~OTAL .... ~ ~S ~ 4~,o45 '48 l S  ' " ~4e 10418 439,75 ~689 



hO 

CO 

.C~ WORST 1OK 

CASE ACTUAL 
i 

.CIB0t 050 O 72 

O6O2 -o 57 .340 

O503 12 3O -7 40 

.O~O4 -147 84 82 

.O~K~ -35 89 -18 0£1 

. ~  ,009 -004 

.OB07 -O l l  -0O5 

YEAR IB93 PERDENTILE 

tTH --"~ 1OK' RE 

EST , DELTA 

0~4 017 09999 024 

-081 041 I tODD -104 

-1478 7 37 11000 -100 

830 7~74 0 ~  0O4 

-3842 2O37 I 1000 -113 

.010 005 110C0 -155 

,0 13 0 04 1 Ioo0 -0 43 

09~10 K 102 N 

1DTH $ 10K RE 

EST DELTA % 

o82 o:o~ '6~;,' 01~ 
-0~1 02~J 1 1000 .074 

-103~ 2~"3 09007 .040 I 
I 40 7~ 35 0(5 0 0 ~ 5  041 

-2~05 1134 09997 -063 

`007 003 0 ~  `087 

.011 002 0 ~ 9  -025 

IO(;O 

25TH $ '10K RE ' 

EST DELTA % 

087 0 O5 0 9994 0 07 

.083 023 11OOO -089 

-86O 1 40  0 I ~ 7  -0 19 

7725 757 0 ~ 3  00~ 

-24 69 8 ~4 0 ~;17 .0 37 

`00~ 002 0~7 `05O 

-o10 002 0~99 ,017 

50TH $ 10K RE 

EE~T DELTA % 

O71 001 O~1~1 O01 

.055 01S 0 ~ 9  =040 

-746 0O5 0 ~ I  -001 

10240 -1758 0~@~0 -021 

-1963 178 0 ~ 3  ~310 

-0 04 0.DO 0 , ~ 3  -0 O8 

`010 001 0~8 .0Cla 

MEAN S 1OK RE 

EST DELTA % 

O 70 0 01 0 9991 0 02 

-030 O17 Og~ .042 

,772 O31 O ~ I  .0O4 

(KI83 -IS 01 O ~ .0 18 

• 2O21 215 O ~K)~4 -O12 

. 0 0 5  001 O~g~ ,018 

-010 001 O ~  .010 

013O9 002 002 001 001 11000 031 002 0DO O91~5 005 002 000 O ~ 5  005 

.0610 -031 08~, -227 3 12 I H~o() 386 O3t 054 09998 064 0 It~ O ~  099(~ 078 

.0B13 ,0O8 ,004 -005 004 11000 -097 -0O5 001 0 ~  -019 -.005 001 O ~ 5  ~322 

.C~14 -385 -252 

OB1S -5 71 -5 11 

-3 92 1 4O I 10~ 905~ 

24 1 13 1 10OO -0 22 

1 CO 0 45 0 ~ 031 

-387 197 01~07 .1 18 

024 014 11000 038 

,0 17 0 18 11000 -1359 

7295 7205 11OOO 05O 

.O918 0 DO 1 48 

O917 ~ 23 -1 70 

.O919 0.27 O 38 

.0620 ,005 ,0 01 

.O921 12842 148 C~ 

(:]624 11407 117,27 3058* 5~F~ 1,1000 050 

.0B22 12262 1.0892 59O5 7g IO 1~OC~ 057 

OB23 , 836 617 015 102 11000 017 

.CIB~ 11811 ~5~.13 2O314 5 5 ~  oggg9 022 

.OE]26 ~8 18 ~504~ -~841 47 B'5 11000 ,095 

.0 ~0 008 0 ~9~ 072 

9011 007 1 lC(~ -142 

-3 53 3 88 1 1000 11 50 

177 1190 11O00 087 

.019 0 15 11000 -4 27 

12~ 46(5 11000 078 

-OO4 003 11CO0 -1~4 

=003 000 0 ~ 7  .011 

.032 017 1100O -111 

,0O5 02~ 1 1000 `073 

-1,4t 077 1 1000 -1 2t 

.0,10 0.22 1 1000 ~ 82 

-7 g1 -082 0 ~87 O~ 

.O927 ,0 2O -011 

.oo20 -O O~ -0 O5 

.OB2~ .1 61 o 33 

.C~30 9~5 13 57 

.O631 ,0 10 ,0 04 

.O~32 3 40 504 

.C~33 ~ 03 -0 0 

.~34 -0 03 -0.02 

.08O5 0 22 ,0 15 

.C~30 -049 .0 30 

O637 .0 78 .0 64 

083~ -0OO 012 

.0~30 -1412 ~ 7 3  

. ~ 4 2  -1 87 =0 7~ 

.(~943 -653 |~0O5 

.0644 - t50 9 0 ~  

.0645 8 80 740 

.0640 ODD ?7828 

.OS47 55 99 60315 

002 000 0 ~ 0 8  018 

.0 85 1 70 1 1000 1 99 

=005 0 O~ 0 9999 -O 59 

-3 13 06T 09~7 -024 

-56~ 0~.5 09999 .011 

1,18 0 ~  r/ 00008  01§ 

-15~ .01~ oggg~ 007 

O ~  0O8 0 ~  020 

-0OT O0~ 0gg~J -549 

9271 522~ ~ 1003 038 

700;' 3021 1 1DO0 O 33 

B4,73 54;~0 I ~O0 03# 

680 0 37 0 9~.7 0 05 

2 3 0 ~  2O65 0 ~;~99 011 

~79 82 29 36 0 gggg ,0 58 

-018 0O4 0 ~ 7  .037 

-0oe 0o.4 1 ~ooo -091 I 
-2 19 252 I tODD 7 56 I 

551 815 1100O 0~O 

,014 O l l  00999 -294 

305 I i ~  0 gggg 0 33 

,003 002 O ~  -118 I 
I -O02 000 09997 -005 

-0 22 0 07 0 g~9 ~ 49 

-05(5 0 18 1 1000 .0 48 

-1O8 044 11000 , 0 6 ~  

001 0 r l i  O ~  093 

-7 34 -t 30 0~2 0 18 

-IO8 O3O O9999 `030 

41 2O O8 ~ 0.g~9~ 0 49, 
-14~ 04~ ogggg =040 

841 090 1 1000 013 

I ~ 9 5  6 33 0 g9~8 0 O5 

4~ ~ 1410 1 1000 0.23 

034 O.11 1 1OO0 024 

-21 ~ l  4 30 0 g0~5 -024 

00.15 0 t 5  0 ~ 8  OO5 

330 006 0 ~ ; ~  002 

653,4S 33~ ~5 

. ~ 4 9  0.40 04~ 

.0~49 -~BSO -17 69 

.OBSO -0 03 0 

. ~ I  330 3.30 

002 O~ 0~997 012 

.021 IO0 0 91~9g 125 

-0O5 002 09O99 .0,39 

.283 031 o ~g~,~ -012 

-5 44 0.32 O ~ =0 O5 

12~ 018 09~7  011 

.0 55 -I 15 0 ~ 5  0 87 

033 005 00908 012 

,004 002 00903 -211 

10467 40 33 1 1000 0 2~ 

5801 2O2O 110O0 025 

97 12 4~ 60 I ;~00 030 

595 022 0 ~ 4  004 

241 18 17;P5 O9998 007 

2O 17 79 0 ~,~7 .0 35 

"O 14 003 O ~  .0 23 

O 07 O 03 O ~ 8  ~355 

-140 174 00098 521 

764 802 1 1OO0 044 

-O l l  007 0 0 ~ 9  -210 

480 114 0 ~ 7  019 

-0 O3 OO1 O00~ -0 78 

02 0 CO 0 9992 -O 01 
010 0O4 09~99 ,030 

-050 012 1 tOO0 ,032 

,0 O5 0 32 1 1000 =050 

005 O 07 0 ~08 O 5G 

-709 -lO4 O ~ 7 8  010 
-007 010 09998 =025 

e~ ~ 1040 0 ~ 3  0 13 

-1.27 029 0 ~ 7  -030 

8~0 0~O 11000 0O5 

17342 486 0 ~  003 

5051 987 11(;OO 018 

038 O07 11OO0 Or8 

-1827 0 ~  0 ~ 2  =004 

014 0 09 0 ~ 7  0 40 

3 33 O 06 0 9999 0 02 

7005~ 1~915 "O~'~LS 30~60 =;~9 70 

-1 35 0 87 0 9999 ,0 73 

-715 8;'23 08399 1.0~ 

- I ~  0 ~  11000 -101 

071 169 11000 023 

163~ 1430 09998 0 08 

3293 27 45 1 1GO0 045 

-245 -007 0 ~ 003 

-523 0 12 0 0~95 -002 

137 0O8 0 ~ 4  00~ 

02~ -1 ~6 0 ~ 8 0  115 

030 002 099O4 OO5 

-O01 ,0DO 0~9~0 033 

11688 2815 I 10~X) 019 

9740 I~ 67 1,1000 O 17 

110~  2824 1.1 [x~O 02O* 

512 008 0 ~ 2  001 

251 23 7 90 0 ~97 003 

-57 92 7 40 0 9~,4 "Q 15 

~012 001 09~3  -0Og 

O0~ 001 0 ~  -023 

=0 71 1 O5 09006 3 15 

080 378 099,~ 0 ~  

-0 07 0 03 0~97  .003 

8e*e 0 20 09992 0 O5 

-002 O0~ 0 ~ 8  ~ 4 2  

,002 -005 0 0988 0 03 

.017 002 0 ~ 8  -013 

.044 008 0~/96 ,01S 

-0~N~ 022 1,1000 -034 

008 O 04 O~KI~ O 33 

~ O  -1 83 0 ~70  0~1 

-067 008 O ~  011 

O3~3 13 ~4 0 ~ O  0 ~7 

-I09 011 0 ~ 5  ~11 

7 18 O 24 0 ~07 0O3 I 
I 

17628 202 0 ~ 9 3  001 
i 

5~01 437 09egg 007 l  

O41 004 I o ~ ' ~  OO8, 

-1814 -245 0 I~i.~ 014 

0 2O 0!04 0 ~ 4  O15 l 

330 0.02 0 ~  0 01 

029 018 flC~O 038 

-2~48 1187 09998 .087 

=003 020 09999 111 

328 013 11000 0.04 

~247 -005 O ~ O  002 

-525 016 O ~ 7  .003 

130 010 0 ~ 4  007 

007 -177 01~82 IO4 

038 002 0 . ~ 3  0 0(5 

-0Ot 0 0 0  O ~ 1  .02~ 

11475 3025 1 1OO0 O21 

9588 21~0 11OO0 018 

10763 3 1 ~  I.~0¢0 0.23 

808 0O8 09992 001 

248 88 I0 25 0 ~ 0O4 

8940 894 O ~  .018 

-013 0 O1 O ~ 3  .0 10 

`0O8 00~ 0 9 ~  -02~ 

.077 1 IO 0~/~8 330 

063 414 11000 030 

-0 07 0 03 0 ~;097 .0 QO 

548 048 oggo4 0O8 

,002 001 0 9 ~  -045 

,0 02 ODD 0~t~8 003 

,017 002 Q ~  ,017 

-045 0 07 0 ~  ,0 19 

.085 024 11000 ,038 

007 0 05 O ~  040 

-8 94 -1 8(] O~78 0 21 

-088 O10 0 9(~45 ,0 12 

93 05 -12 ~ 0~090 -015 

-1.12 0r l (  0 ~ 7  ~)14 

711 02~ O ~ T  0.04 

, 176O8 ,22O O I;m93 0OI 

548~ 840 11000 009 

041 004 0 ~ 7  00~ 

-1648 -211 0 ~;J88 ~r~2 

019 004 0 ~  019 

3 30 0 02 Og(~7 0.01 



.D@ WORST 101< 

CASE ACTUAL 

.0801 0.50 O ~  

C~02 -40 57 .0 28 

.OBO3 -1200 -1 85 

.OB04 -1,47 194 15 

.0605 -35 89 -4 17 

-009 001 

_0807 -011 -007 

.O~Og 0 02 003 

_O510 -031 2.21 

_0613 -005 -002 

_0~14 -3 85 -100 

~ 1 5  -571 -4 52 

0816 0,00 1 89 

CI817 "6 23 242 

_0810 0.27 045 

_O52O -0.0~ 00g 

_(~21 128.42 16548 

0824 114.07 127.79 

0(32;¢ 12~62 15882 

_D623 5,3~ ,. 876 

CIS2O 118.11 27591 

.oe2e ~618  -1925 

_0(327 -0.2O -0 06 

_EX~ -00g -0.00 

. ~ 2 3  -1.61 253 

_QB30 @.~l 171~ 

_0(E331 -0.18 010 

.0632 3 40 801 

0 ~ 3  -0.03 000 

.O634 .003 -002 

.CI638 -049 -022 

0B37 -076 -O 48 

C93~ -0.00 018 

_0842 -1 ,~t -O 

.0B43 -883 158 33 

. ( ~ 1 4  -1.00 .0 41 

_C~45 889 832  

.OBa~ 0 00 lO542 

.0847 5 5 ~  7059 

,084~ 0.40 053 

.D@40 -29.80 0 @2 

. ~  ~ 03 0.42 

LC~I  3.30 347 

TOTALS 350,~ I~7,14 

YEAR 1993 PERCENTILE 

ITH $ 1OK RE 

EST DELTA % 

0 80 0,05 ~0 ~ 0 07 

-O40 012 09991 -043 

A,14 249 O,9957 -151 

15,4 87 39,28 0 g957 0 20 

-1050 833 099~2 -1 52 

.O01 002 Ogge8 252 

.O08 0Ol 09973 .OIQ 

0.~2 000 09853 00~ 

1 21 1 00  0 ~ 8 4  O.45 

-O.03 0 01 0,9970 -074 

-1 48 047 01~'08 -0r47 

.4 83 0 32 0 9973 .O 07 

155 Or]4 09981 005 

1 6O 082 09948 034 

0.41 004 O.ggTO 010 

0O4 0.04 0 9967 051 

141 (~4 2382 0 9994 0 14 

10987 17.82 1 1000 014 

13-5 3~ ~ 3 2  Oggl~ 018 

8 42 034 0.g972 0 05 

284.10 11.81 oggso 0O4 

37,43 18 17 ogge7 .og4 

-007 002 0 9954 -0 50 

-0.03 002 0 9970 -76t 

0.89 1 64 Oe~S3 0 65 

1410 358 0 ~R88 020 

0O4 007 0~003 O(L~ 

8,~ I 35 0,g975 0 17 

.O.0t 0.01 0 9970 1630 

-002 0 ~ O9973 -OI0 

-0 t2  0.04 09971 .O 58 

-031 oog 01;972 .040 

-0.72 0.23 0 ~ .O48 

013 0050ggB7 O29 

..@57 033 OggS~ -OO5 

-O57 0.22 0 9972 ~ 84 

15O54 3779 0 ~ . 5  0 20 

-O73 033 09971 -08O 

780 052 0 9972 00~ 

1~48  405 O ~  0 03 

0265 7~5 0 ~ 1  011 

049 004 O r ~  0 ~ 

"4@7 5.88 0 g951 6 42 

033 005 09004 0.2O 

343 004 0 gge4 0,01 

099OO K 102 N 

IOTH $ 1OK RE 

EST DELTA ~/g 

083 0.03 0 39 004 

-0.3@ 008 02O71 .O27 I 

1~67  24,48 0 9939 0 13 

-782 3 48 09942 .O 83 

-000 001 09945 147 

.007 001 Ogg~3 .O12 

003 000 02O38 004 

162 O59 O l~O 027 

-O O3 001 0 9962 .O49 

-1 28 024 09937 .O24 

-4,74 0 22 0 @@~O .O 05 

1 60 0.05 0 ~ 3  0O5 

212 03O 09916 012 

042 003 99949 008 

0 08 0 02 09937 028 

14918 1631 0~982 0 10 

1108~ 10.93 Oggg4 OOg 

14281 1611 09982 0.10 

655 0 21 0 g984 003 

239 4~ 8 45 0 ~33 002 

-3O06 10 62 09944 -0 58 

.O08 001 OGg31 -O30 

-002 001 OO942 -4O5 

5~ 0 ~5 0 ~ 0.38 

1823 2.48 OR91~ 014 

008 0 04 0.9949 0 37 

7.31 071 0.~52 009 

.001 001 09951 11.00 

, -OO2 000 O~g~O .O05 

.0.10 003 09946 -O37 

-0 27 0,05 0.~G47 .O22 

-O02 014 0~87  .O2~ 

0.18 003 09007 019 

-848 0.21 0 ~ 0  -OO3 

-O51 010 0 ~1P38 .O4O' I 
185o4 2299 0 ~ 0  o12l 

.O82 0.1~ 0 ~39 -044 

608 02~ 09949 003 

lO598 244 09951 001 ' 

8545 815 09973 037 i 

0 81 002 09941 0,04 J 

-2~4 370 09938 410 

O ~  O ~  0 , ~ 4  013 

3 45 0 02 0 9931 0O5 

I000 

25TH $ 1OK ' RE 

EST DELTA % 

0 84 ~'02 0¢024 0 02 

.033 0O5 0 ~'O50 -019 

-2,%5 O9O 0~28 -054 

17881 1534 09928 000 

= -617 200 ogg2~ -048 

000 0 01 09934 095 

-0 07 0 01 0.~933 -0 08 

0 03 0.00 0 ~924 002 

1 62 040 0 g948 0 18 

.DO3 001 0 g943 -0 36 

-109 008 09915 -008 

~ 8 7  016 099'32 -003 

I 83 006 0 g953 004 

243 ,001 0 ~Q -001 

043 002 01~43 0 04 

008 001 09917 011 

15292 1254 09978 005 

11095 784 0 ~ 6 5  00~ 

14573 1289 0.9976 008 

8 @3 013 0 g037 002 

272 gel 2O5 09932 001 

-2643 718 O 9 9 3 6  -037 

-O08 001 09919 -017 

-001 001 O g g 2 7  +258 

1.67 O ~  09947 026 

1569 179 0 ~ 6 7  010 

0 08 0 053 0 9933 0 27 

7 62 0.39 0 9931 005 

.OO0 00030 0.993? 738 

.002 000 0E~53 -006 

.O~ 0 02 09934 -0 

-0 2~ 0O3 09935 -0 13 

.O58 0 10 09Q71 -0 ~0 

010 0.02 09951 013 

- 8 ~  0 13 0 9929 -0 02 

.O4~ 012 0 g948 .O33 

174 73 1360 0 99~I~ 007 

-O81 011 0;;930 .O2~ 

8 2o 012 Oggo5 001 

187 02 1 40 09938 0,01 

67 3g 3 2O 09953 0 05 

0 52 001 09929 O02 

-171 263 09932 287 

038 003 0 9933 0 O8 

348 001 0 ~ 1 7  0 O0 

i i  

00T~ $ ""' ~'dK ~E 

EST DELTA % 

085 001 0 ~ 0 ~  001 

.O3O 0.03 09938 .O10 

-1.97 032 099(~ .O.19 

18849 8 66 0.9914 003 

-446 0,29 Ogg(~ .OCJ7 

001 000 099(~ 039 

003 000 O@go4 03O' 

2,O6 015 09927 0 07 
I 

-O02 000 09924 -019 I 

.og6 -OO4 0 ~ 9 3  0 O4 

-460 00~ 0 g931 .O 02 

lO5 003 Ogg2g 002 

276 -034 0,g~76 .O 14 = I 
044 0 01 0 00~Z 0.02 I 

009 .O.O0 0.9892 -005 

15~99 647 0 EH~54 005 

12343 438 0 ~ 5 8  003 

140.74 86~ 09957 000 I 

70 0 07 0.9925 0 01 1 

27854 -0 ~3 0.~92 .O 00 

~267 3,72 09919 .O, t9 

-O05 03O 0 ~ 0 5  -OO5 

-DO1 000 09910 -O~g I 
I 2 16 036 0 ~O4 015 

1672 095 O.~K)3g 005 ' I 
O.Og 0.01 09920 0.14 I 

792 0.09 0 8 1 ~  0.01 

.DO0 0.00 09924 384 

.O.02 000 0~942 .DO4 

-OO8 0,01 09g l t  ~rlO 

-023 0.01 0990~ .O 04 

-O54 0O5 09949 -O12 

017 001 099;~ 007 

~ 2 9  0.05 0.9914 .O01 

-042 007 09931 -O21 

18409 424 0 ~ 1 2  0 0 2  

.O44 003 0,~14 .O 08 

831 001 09901 OOQ 

18818 027 OggO~ 000 

8936 1 23 t 0992O 002 

0 53 0 O0 0 @g01 0 O0 

-032 ~ 24 ORg18 135 

040 002 09916 004 

347 -001 098~3 .O(~ 

1'Y.7 ~ 3975 

MEAN $ . . . .  ~IOK RE 

EST DELTA % 

0O5 001 O ~  '001 

.O31 0 O3 0~9936 -010 

-201 03~ 0~11  .O22 I 

18816 5 ~ 0r~15 003 

--4O4 047 0 , ~ 7  .O.ll I 

03o 000 0 ~ 1 0  0 4 3  

.0 07 000 09923 -0 o5 

003 000 oggo3 0.00 

203 018 o9928 0.08 

-Oo2 000 0~O5 .O21 

.O~e -0 03 O ~  0 03 

-4 eO OOg 0 9931 -O02 

1 66 003 09934 002 

2.70 -028 Og~O .0 12 

0 44 O 01 0 ee~  o. 02 

o.og .o 00 0 .9804  -oo3 

15~94 652 09954 0 (~  

122.77 502 OggTO 004 

14972 BgO 09957 00~ 

8.e~ 007 0~O5 001 

27812 -021 0 gcsl~ -000 

-2300 38O 09918 -O20 

-OO5 O00 099O5 "OO5 

-001 O(X~ 09911 ,1.05 

2.15 0 38 0 ggo4 015 

1866 101 09940 0 O5 I 

I 0 09 0.01 0.992O 0.14 

789 013 00~08 O02, 

-0.00 000 0 g924 4 20 I 
i 

.O.02 000 09942 -004 

-008 001 01~14 -0.11 I 
.O.23 0 01 OeglO .O O5 I 

.O 55 00e O.gg4g -013 

017 DO1 0 IH~32 Or~ 

"6.3O 0 08 09918 "DO1 

• "043 00~ 08938 ~ 2 3  

163.16 5 17 0 ~14 0 03 

.O45 0 O4 O99|7 -010 

8 3O 001 099O2 0 00 

188.17,  O25 OggO7 OCO 

6917 142 09930 002 

0 53 O 00 0 . ~ 4  0.00 

.O43 1 34 0 gg2O 1,47 

040 0 02 0 ~g15 004 

347 -001 09884 -000 

;344 15 ' 43.00 



LOB WORST 10K 
CASE ACTUAL 

LDB32 6 '~ I 1o 
~0803 .21 02 -1869 
LOB04 -203 03 -~8 O0 

LOB05 -5947 -51 (30 
LO~ 43 15 43 12 

YEAR 199,¢ PERCENTILE 

ITH $ 1OK RE 
EST DELTA % 

' 43 19 ' 1 2 9 '  1 1000 1 17 

3 1 3 2  1463 11000 -088 

-385 88 28788 l t0OQ -294 
-8344 3244 1 11300 064  

-022  009  t tOO0 43/'8 
4325 011 11000 078  

09990 K 102 N 

toTH $ ' 1OK RE 

EST DELTA % 
027  083  1 1000 075 

-25 79 901 1 1000 4354 
-25d9 t 7 1,~9 t 7 11000 161 

-7232 21 32 I IOC~ 4342 
-019 008  111300 -050 

1000 

25TH $ 1OK RE 

EST DELTA % 
' 046 065  I 1000 058  

-2271 602  1 1000 -036 

~206 38 10836 ~ 10OO 111 
6603 1502 1 10013 4399 

4317 004 t tQO0 4336 

I 86TH $ " ' 1 O K  RE ' "  
, ES[  DELTA % 

I 086 043 1 1000' '0'39 

-2040 3 71 O 9990 43 22 

-148 48 5048 09996 ~ 5 2  
-58 14 7 14 0 9998 -0 14 

0 15 0 03 09999 -0 21 

'" MEAN $ iOK RE 

EST DELTA % 
" ' 0  63 0~47 ' "11000  0 43 

-20 72 4 02 09999 4324 
-18840 £~40 0 ~ 7  - 0 8 2  

59 13 8 13 09999 4315 

43 15 0 03 0 ~ 0  4323 
LOB07 -021 014  -020 006  89999 4342 4317 003 09999  -022 -015 001 09994 4308 ~)15  001 09995 -011 

L0808 4307 -005 430~ 001 09999 -018 430~ OOO 09995 4104 005 - 0 0 0  0 9 9 8 9  001  4305 4300 09979 005 0 0 5  -000 09963 004 

~0809 4305 -006 4306 001 1 1000 -023 4305 001 1 1000 4314 4305 0(30 09999 4309 4305 000  09997 005  -GO5 000  09998 4306 
.OB1Q -65(3 494 -11 61 667  1 1000 -1 35 ~ 8 1  386  1 10043 43 78 -753 256 I 1000 052  635  1 41 09999 4329 -666 1 71 1 1000 4335 
LOB11 -23336 19704 -34710 15006 I 1000 -076 -261 25 8421 11000 4343 -25592 5888 1 1000 4330 -2299<3 3286 09998 4317 -234E~ 3760 1 1000 4319 

~0812 -23335 -19702 -35394 15692 1 1000 -080 -28301 8599 I 1000 4344 .25~78 5976 11000 4330 -23048 3344 09998 4317 -23503 3~01 I 10011 4319 
LOB13 4323 -016 -024  008 1 1000 054  -021 005  09999 -034 019  004 09999 -023 0 1 7  002  09996 ,010 4317 002  09997 4311 

.0817  -2273 1650 -3256  1605 1 1000 097  -2560 909  lr1000 "055 2220 570 09999 4335 1829 1 79 09995 -011 "1895 244 09997 4315 
LOBIB 0(30 002  -001 002  1 1000 1 51 4300 002  11000 1 06 0(30 001 09999 074 001 001 09998 048  901 001 06998 052  

~0826 "14733 --12455 20615 81 60 11000 4366 --16998 4543 1 10013 4336 "15521 3066 1 1000 -025 --14055 1600 09999 4313 --14257 1602 09999 4314 
L0827 4321~ -024 ~342 018 1 1000 434376 -034 010  11000 4344 4331 0 0 7  1 1000 4329 4128 004  09999 015  "028 004  0899~ -018 

LOB25 0,15 -013 -022  010  1 1000 4377 "016 006  1 1000 046 017  004  1 1000 --033 -015 002  1 10'30 4320 015  003 1,1000 -020 
LOB29 --1345 *11 O0 "20218 9 3 8  1 1000 --085 --1893 593  1.1000 4354 --1526 425  1 )000  -039 --1378 278  1~000 -025 ; --1402 302  11000 4327 

L0833 -003 001 00(3 000  09995 038  001 -000 0~987 4346 001 -001 09983 "1 02 002 4101 09971 "1 66 002  4801 09978 "1,5~ I 
LOEI34 4302 4301 " 0 0 2  001 11000 -082  4302 001 1.1000 "048 4302 0 0 0  01;~98 4331 4302 0110 0 ~ 9 0  --019 I --002 OCO 09997 43.22 
LOB35 -00~ 001 4302 003 09996 214 00(3 001 09996 079  001 OCO 09993 014 002 4301 09985 4364 0 0 2  "001 09085 4360 
LOEJ36 4327 - 0 0 6  4328 0 2 3  11000 "404 4320 015  09999  --259 4315 009  0@999 "160 OtO 005  09998 0 8 (  011 005  09998 -094 

LOB37 4356 -037 -08.3 045 1 1000 123 -066 028  1 1000 -076 4355 018  09999 4347 -047 010  09996 4325 048  011 09997 -029 
L083~ "122 4386 --146 060  11000 ~)70 --113 0 2 7  09998  4332 -098 011 09995 4313 4384 "002 09988 002 ' 4387 001 09991 4301 

L0839 "1704 --1085 --1250 164 09997 4315 --908 --178 09982  016 "751 --334 09~59 031 --818 --4.67 09900 043  J -662 "423 09960 039  
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LOB41 "37 78 --22 89 --33 81 10 73 9 9999 "0 47 26 76 3 87 0 9996 --0 17 --23 44 0 55 O 9994 --0 02 --2073 "216 09989 O (39 I 21 31 "1 58 O 9989 0 0 7  
L0843 --20466 --10067 --38427 28660 11000 "282 --27304 17237 1 1000 171 "21311 11244 1 1000 --112 --15368 5301 09996 4353 --18550 6483 06997 4364 
L0844 --285 --255 "427  ~ 72 1 1000 4367 "353 098  11000 4338 --323 068  11000 4325 "286 033  1 1000 4313 J --292 0 3 7  11000 4315 
LOB48 "1832 "14 10 "3501 2092 11000 --1 48 *2889 1280 11000 "091 --2378 9 6 7  11000 4369 --2097 888  11000 -049 I --21 56 746 11000 4353 
LOB48 "78,47 --6348 I --118 10 5462 1 1000 4386 "g~74 3626 1 1000 4357 "8776 2428 1 1C013 4338 7711 1363 09999 -021 I 7852  1504 1 1000 4324 

-22,o9o8 11'8i86 -1477~4 455 86 ' ' -12452i  223 ~i TOTAt -T;.O 47 -io~i 4o -1286 16 26476 



P,3 

YEAR t994 PERCENTILE 09900  K 102 N 1000 

_OB WORST 10K 
CASE ACTUAL 

_oB02 og6 i ~ 

_OB03 -2102 - I0 47 
_OB04 -20303 39 28 
_OB05 +5947 -31 3 7  
_OB06 -0.15 -007 
.OB07 -021 -0 08 
_OBO8 -0 07 -004 
_OB09 -005 -0 04 
_OBIO -85O -2,95 

.0811 -23338 -128 35 

.0812 -233 35 +1L~.08 

.0BI  3 -023 -0.09 

.0817 -2273 -4 81 

.0818 0 O0 0 02 

.O826 -14733 -79 73 

.O827 4 2 9  -0.18 

.O828 -0,15 -0 08 

.O829 -1345 -7.13 

.OB33 -0 O3 0.03 
_0B34 ~302 -001 
.DB35 -008 006  

.O838 -(327 0 08 

.O837 -056 -0.17 

.O838 -1 22 -034 

.OB39 -1704 -356 

.O840 - 11074 -43.5~ 

.0841 -3778 -1059 

.O843 - ~ 4 ~ 8  ~ r 9 2  

.O844 -285 "1.58 

_OB40 +1832 -11.83 
.0849 -7847 -41.19 

ITH $ 10K RE 
EST DELTA % 

098  034  09998 " 026  

-1548 501 09981 -048 

`4112 8040 09971 205  
`4294 11 57 09970 -037  

-011 003  09983 -047  
-011 003  0 ~ 3  -042 
-0,05 O00 O99~3 -011 
-004 00~  09984 -011 
-523 2 28 09995 -0 77 

-174 08 4803 09974 -038 

-174 94 4858 0.9975 -038 
-0.13 003  09~55 -038 

-1081 600  09968 -1,25 

002  001 0 9989 0 31 
-11009 3036 09980 -038 

-0r22 0.08 0 9977 -0,~I 

-011 0.03 09978 -041 
-1048 3 3 5  0.9983 -047 

003  0.0~ 09932 0.14 
-0.01 0 O0 09988 -037  
005  002  09947 024  

-000 008  0 9979 1 03 
~ r ~  012  0 . ~ 7  --068 
-058 0 25 0,9969 -0 73 

~ 3 2  275 0.89@0 -078 
~5.25 2188 09982 -050 
-15 BO 501 09967 -047  
-54.40 9032 0.9973 251 

-2,13 055  09972 -035  
-1774 591 11000 -050 
-6107 1989 09986 -048 

10TH $ 10K RE 
EST DELTA % 

1.11 0.21 09990 0 1 6  
-13.59 312  0 9965 -030  

*8 43 4570 0 9950 1.16 
-9954 8 ; 7  09964 - 0 2 8  

-0 ~ 0 02 0 9 9 5 5  -0,27 
-0 10 0 02 09945 -0 27 
-0 05 000  09£144 -006 

-0,04 0 O0 09973 -0 07 
"432  1 37  09976 -045  

-156 87 3082 0.9961 -0 24 

-157 83 31 27  09961 -025 

-012 0 0 2  0 ,~51 -023  
-831 350  09954 -0.73 

0.02 0 01 09973 0.21 

-97.14 1742 09960 -0.22 

-0.19 004  0 ~ -0,24 
-0.10 002  09968 -026  
-9 25 2.14 0 9971 -030  

0 0 3  000  09912 0 05 
-0 O1 000  09977 -0.22 
00@ 001 09932 0 1 2  1 

0 0 3  0.05 0.9953 0 6 7  
-023  0.06 09943 -0,37 
-048 0.15 08950 -043  

"5.23 1.68 09949 -047  
r I -5847  1488 09947 -034  

-14.20 360  09955 -034 i 

-1421 5013 0 9951 1.40 I 
I -1 9 9  O 38 09961 -024  

-15,37 3,55 09998 -0,30 

-5320 12.01 09970 -029 

~ 5 ~  02 230.15 

25TH $ 10K RE 

EST DELTA % 
1,19 014  O ~  0 1 0  

-1272 225 09951 -021 
1150 2777 0~937 071 

-3666 529  O6~44 0 1 7  

-009 001 09945 -020  
-009 001 09~37 -0 18 
-0 04 0 CO 0 9936 -0 04 

-004 000  09958 -005 
-397  1 02  0 9 ~ 4  -0 34 

-14835 2201 09948 -0,17 

-14857 2221 0 9948 -018 
-011 002  09940 -0.18 

-687  206 09930 -0 43 

002  000  09961 0 14 
-91 81 1188 09945 -0,15 

-018 002  09948 -016  

-0.10 002  0 9955 -0.19 
-884 1.51 09959 -0 21 
003  0.00 0 9902 0 DO 

-001 000  0 9964~ -0 17 
006  0(30 09920 O 06 
004  003  0 ~J32 O 42 

-0.21 004 0 9932 -0 22 
-0.43 0 10 09937  -028  
1459 1 03 0 9932 -0 29 

-5407 10.48 0 99.43 -0.24 
-1317 258 09943 -0.24 

6.46 2046 09938 0 8 2  
-1 84 0.26 O9~JA3 -018 

-14.37 254 09993 -0 21 
~4860 7.41 0 9950 -018  

50TH $ 10K RE 
EST DELTA % 

1.24 0 0 8  09952 006  

-1180 1 33 09931 -0.13 
29,75 9 5 3  09916 024  

-34.04 2 6 7  09926 -009  

-0 08 0 01 09926 , -0 11 
-0.0~ 001 09919 -007  
-004 0 0 0  09917 -002 
-004 0 0 0  09944 -003  
--3r57 0 5 2  09947 --O21 

-13758 11.23 09930 -00~ 

-137,23 1087 0.9929 -009  
-010 001 09924 ,-0,08 

-5 53 0.72 0,9916 -0,15 

0 02 0 0 0  09950 0 0 8  
-,85 68 5 96 09925 -007  

-017  001 09924 -007  

-009 001 09932 -0.11 
-798 0 85 09941 -0 12 

00,3 -000  09884 -0 04 
-0 01 0,00 09950 -0 10 
0,06 0 0 0  09901 001 

0r ~ 0 0 2  09915 021 
-017  0.00 09901 -001 
-038 0.04 09922 -013 

`4,12 0 5 7  09918 -018  
`49.07 5.48 09921 -013 
-1208 1 49 09931 -014 
2538 1055 09914 0 2 9  
-1.72 0 1 4  0 9926 -009 

-1330 1.48 09969 -012 

-4481 3 62 0 9933 -009 

`49315 6 7 2 9  

MEAN ' ' $ 1OK RE 
EST DELTA % 

1 24 0 08 0 9952 006 
-11 845 139 09931 -013 

28 IB 11 12 09918 028  
-34 14 2.77 09926 -009 

-008 001 0.9926 -011 
-008 001 09919 -007 
-004 0,00 09918 -002 
-004 0 0 0  0 ~}44 -003 
-3 60 0 65 09948 -0,22 

-138 22 t 1 8 7  09930 -00~, 

-138 33 1197 0.9930 -009 
-010 001 09924 -0,08 

-572 0 9 0  09917 -019 

0 02 0,00 0.9951 O 09 
-8635 0 8 2  09925 -008  

-017  001 09927 -0,09 
-009  001 09935 -0.11 
*807 0 84 09944 -0 13 

0.03 -000 0 9887 -0 04 
-001 000  0.9952 -0 11 
006  0 0 0  0 9 ~ 2  001 
006  0 0 2  09915 022  

~017 0.00 09905 -002 
-039  0 0 5  0 ~  ~ ,15  

-4 20 0 54 09922 -0 18 
-49 48 5.89 09922 -014 
-12 Ig  1.59 09932 -015 
2388 1205 0.9915 034 
-1 7 2  0,14 0,9926 -0,09 

-1348 1 66 09977 -014 

`4532 413  099"33 -0,10 

I '  ' -50039 74 53 
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