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Abstract: In order to perform estimations with high reliability, it is necessary to deal with the tail part of the cumulative
distribution function (CDF) in greater detail compared to an overall CDF. The use of a generalized Pareto distribution
(GPD) to model the tail part of a CDF is receiving more research attention with the goal of performing estimations with
high reliability. Current studies on GPDs focus on ways to determine the appropriate number of sample points and their
parameters. However, even if a proper estimation is made, it can be inaccurate as a result of an incorrect threshold value.
Therefore, in this paper, a GPD based on the Akaike information criterion (AIC) is proposed to improve the accuracy of
the tail model. The proposed method determines an accurate threshold value using the AIC with the overall samples
before estimating the GPD over the threshold. To validate the accuracy of the method, its reliability is compared with
that obtained using a general GPD model with an empirical CDF.
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Fig. 1 Cumulative distribution function of conventional
generalized Pareto distribution
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Fig. 2 Classification of tail model in terms of shape parameter
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1) n>0: 77 A2] i3 (Pareto)

2) n=0: FZF 22| 3 (exponential)

3) n<0: §F> 2] ¥ (typell Pareto)
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Table 1 Robustness of thresholds in ECDF and AIC
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Table 4 Result of reliability analysis

ECDF AIC
Mean of error [%] 10.83 7.14
Var. of error [%] 0.0128E-3 0.0063E-3

Table 2 Robustness of reliability using proposed method
and conventional method

AIC+GPD
True ECDF+GPD (proposed method)

+
Target | Mcs | DT GPD (pro?jscedill);?hod)
Reliability |Error[%]|Reliability [Error[ %]
¥Y(X)<6 |0.8765| 0.8611 1.76 0.8732 0.38
¥(X)<8 [0.9407| 0.9282 1.33 0.9379 0.30
¥(X)<10/0.9726| 0.9696 0.31 0.9742 0.17

reliability | Mean of | Var. of | Mean of | Var. of
error [%] | error [%] | error [%] | error [%]

0.8000 246 |0.8347E-3 1.96 |0.4692E-3

0.9000 1.29  0.2267E-3 0.83  |0.0924E-3

0.9500 0.58 |0.0638E-3 0.51 0.0339E-3

0.9900 046 |0.0325E-3| 0.42 |0.0281E-3

0.9990 0.18  |0.0049E-3 0.17  |0.0045E-3

0.9999 0.07 |0.0009E-3| 0.07 |0.0009E-3

Table 3 Robustness of reliability of 0.9 for several
distributions

AIC+GPD

ECDF+GPD
Distribution (proposed method)

type Mean of | Var. of | Mean of | Var. of
error [%] | error [%] | error [%] | error [%]

X~N(0,2%) 1.91 |0.5579E-3| 1.70 |0.4162E-3

X~exp(1.5) 1.72 |0.5127E-3| 1.53 |0.4765E-3

X~1ogN(0,0.7)| 1.48 03141E-3| 1.30 |0.2731E-3

X~gam(9,0.5) | 137 |0.2289E-3| 1.12 |0.1536E-3

X~beta(2,4) 121 |0.2274E-3| 1.02 |0.1952E-3
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