IPAO based semi-parametric scale and shift
invariant estimators of index which govern the
tail behaviour of the observed distribution

Pavlina Jordanova
Konstantin Preslavsky University of Shumen,
115 Universitetska str., Shumen, Bulgaria
pavlina_kj@abv.bg, p.jordanova@shu.bg

May 27, 2026

Abstract

This work suggests four new estimators of the parameter, which gov-
erns the tail behaviour of the observed distribution. They are semi-
parametric and invariant with respect to scale and shifting. These prop-
erties solve one of the biggest problems with usage of the best Hill and
similar estimators. They are not appropriate if the distribution is not cen-
tered (even in Pareto case) and the most appropriate centering depends
on the estimated parameter. Therefore, it is difficult to estimate the best
threshold and contemporary techniques for its solution rely mainly on
minimizing the asymptotic variance, or some error in simulation experi-
ments.

We call the class of the estimators discussed here IPAO-Pareto estima-
tors, because their formulae come from the Inverse function of correspond-
ing Probabilities for Asymmetric p-outside values in Pareto case and the
large variation is compensated in different ways. These probabilities are
also invariant with respect to shifting and scaling. Therefore, similarly
to well-known descriptive statistics of the center and the variance of the
distribution they are appropriate to quantify the distributional propensity
for extremes. They take into account the asymmetry of the distribution,
therefore they improve IPO estimators. Last but not least they are easy
to be computed and use a few computational resources.

Brief simulation study depicts the quality of the results and compares
the performance of the suggested estimators with some of the well-known
estimators of the index of regular variation. Some real data examples
present possible applications and usefulness of the suggested results.
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