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Preface

This book covers key mathematical and statistical aspects of the quantitative
modeling of heavy tailed loss processes in operational risk (OpRisk) and insurance set-
tings. OpRisk has been through significant changes in the past few years with increased
regulatory pressure for more comprehensive frameworks. Nowadays, every mid-sized and
larger financial institution across the planet would have an OpRisk department. Despite the
growing awareness and understanding of the importance of OpRisk modeling throughout
the banking and insurance industry there is yet to be a convergence to a standardization of
the modeling frameworks for this new area of risk management. In fact to date the majority
of general texts on this topic of OpRisk have tended to cover basic topics of modeling that
are typically standard in the majority of risk management disciplines. We believe that this
is where the combination of the two books Fundamental Aspects of Operational Risk and
Insurance Analytics: A Handbook of Operational Risk (Cruz, Peters and Shevchenko, 2015) and
the companion book Advances in Heavy Tailed Risk Modeling: A Handbook of Operational Risk
will play an important role in better understanding specific details of risk modeling directly
aimed to specifically capture fundamental and core features specific to OpRisk loss processes.

These two texts form a sequence of books which provide a detailed and comprehensive
guide to the state of the art OpRisk modeling approaches. In particular, this second book on
heavy tailed modeling provides one of the few detailed texts which is aimed to be accessible to
both practitioners and graduate students with quantitative background to understand the sig-
nificance of heavy tailed modeling in risk and insurance, particularly in the setting of OpRisk.
It covers a range of modeling frameworks from general concepts of heavy tailed loss processes,
to extreme value theory, how dependence plays a role in joint heavy tailed models, risk mea-
sures and capital estimation behaviors in the presence of heavy tailed loss processes and finishes
with simulation and estimation methods that can be implemented in practice. This second
book on heavy tailed modeling is targetted at a PhD or advanced graduate level quantitative
course in OpRisk and insurance and is suitable for quantitative analysts working in OpRisk
and insurance wishing to understand more fundamental properties of heavy tailed modeling
that is directly relevant to practice. This is where the Advances in Heavy-Tailed Risk Modeling:
A Handbook of Operational Risk can add value to the industry. In particular, by providing a
clear and detailed coverage of modeling for heavy tailed OpRisk losses from both a rigorous
mathematical as well as a statistical perspective.

More specifically, this book covers advanced topics on risk modeling in high consequence
low frequency loss processes. This includes splice loss models and motivation for heavy tailed
risk models. The key aspects of extreme value theory and their development in loss distribu-
tional approach modeling are considered. Classification and understanding of different classes
of heavy tailed risk process models is discussed; this leads to topics on heavy tailed closed-form

xix
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loss distribution approach models and flexible heavy tailed risk models such as a-stable, tem-
pered stable, g-and-h, GB2 and Tukey quantile transform based models. The remainder of the
chapters covers advanced topics on risk measures and asymptotics for heavy tailed compound
process models. Then the final chapter covers advanced topics including forming links between
actuarial compound process recursions and Monte Carlo numerical solutions for capital risk
measure estimations.

The book is primarily developed for advanced risk management practitioners and quan-
titative analysts. In addition, it is suitable as a core reference for an advanced mathematical or
statistical risk management masters course or a PhD research course on risk management and
asymptotics.

As mentioned, this book is a companion book of Fundamental Aspects of Operational Risk
and Insurance Analytics: A Handbook of Operational Risk (Cruz, Peters and Shevchenko, 2015).
The latter covers fundamentals of the building blocks of OpRisk management and measure-
ment related to Basel II/III regulation, modeling dependence, estimation of risk models and
the four-data elements (internal data, external data, scenario analysis and business environment
and internal control factors) that need to be used in the OpRisk framework.

Opverall, these two books provide a consistent and comprehensive coverage of all aspects
of OpRisk management and related insurance analytics as they relate to loss distribution
approach modeling and OpRisk — organizational structure, methodologies, policies and
infrastructure — for both financial and non-financial institutions. The risk measurement
and modeling techniques discussed in the book are based on the latest research. They are
presented, however, with considerations based on practical experience of the authors with
the daily application of risk measurement tools. We have incorporated the latest evolution
of the regulatory framework. The books offer a unique presentation of the latest OpRisk
management techniques and provide a unique source of knowledge in risk management
ranging from current regulatory issues, data collection and management, technological
infrastructure, hedging techniques and organizational structure.

We would like to thank our families for their patience with our absence whilst we were
writing this book.

Gareth W. Peters and Pavel V. Shevchenko
London, Sydney, March 2015
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Generalized Log-Logistic
Geometric stable

h distributions

Halphen type A

Inverse Gamma

Inverse Gaussian

Laplace

Log-Cauchy

LogNormal

Log-t

Lomax

Normal (Gaussian)
Normal Inverse Gaussian
Singh—Maddala or Burr Type III
Standard Normal
Tempered stable

Sa ()
AssymetricLaplace(-)
Beta(-)
ChiSquared(-)
BurrX1I(-)

Ty ()

Exp (-)

Gammaf(-)

T,()

Ty ()

T,k ()

ca()

GB2(")

GH()
GIG(-)
Gen(-)
GeoStable(-)

T, ()

Halphen(-)
InverseGamma(-)
InverseGaussian(-)
Laplace(-)
LogCauchy(-)
LogNormal(-)
Log-t(+)

Lomazx(+)
Normal(-)

NIG()

BurrIII(-)

a ()

TS()







Motivation for Heavy-Tailed
Models

1.1 Structure of the Book

This book is split into a few core components covering fundamental concepts:

e Chapter 1 motivates the need to consider heavy-tailed loss process models in operational
risk (OpRisk) and insurance modeling frameworks. It provides a basic introduction to
the concept of separating the modeling of the central loss process and the tails of the
loss process through splice models. It also sets out the key statistical questions one must
consider studying when performing analysis and modeling of high consequence rare-event
loss processes.

e Chapter 2 covers all the fundamental properties one may require in univariate loss process
modeling under an extreme value theory (EVT) approach. Of importance is the detailed
discussion on the associated statistical assumptions that must be made regarding the prop-
erties of any data utilized in model estimation when working with EVT models. This
chapter provides a relatively advanced coverage of generalized extreme value (GEV) fam-
ily of models, block maximum and peaks over threshold frameworks. It provides detailed
discussion on statistical estimation that should be utilized in practice for such models and
how one may adapt such methods to small sample settings that may arise in OpRisk set-
tings. In the process, the chapter details clearly how to construct several loss distributional
approach models based on EVT analysis. It then concludes with results of EVT in the
context of compound processes.

o Chapter 3 provides a set of formal mathematical definitions for different notions regarding
a heavy-tailed or fat-tailed loss distribution and its properties. It is important that when
modeling such loss processes, especially the asymptotic properties of compound process

Advances in Heavy lailed Risk Modeling: A Handbook of Operational Risk,
First Edition. Gareth W. Peters and Pavel V. Shevchenko.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.



CHAPTER 1: Motivation for Heavy-Tailed Models

models built with heavy-tailed loss models, a clear understanding of the tail properties of
such loss models is understood. In this regard, we discuss the family of sub-exponential
loss models, the family of regularly varying and slowly varying models. There are within
these large classes of models sub-categorizations that are often of use to understand when
thinking about risk measures resulting from such loss models, these are also detailed, for
example, long-tailed models, subversively varying models and extended regular variation.
In addition, the chapter opens with a basic introduction to key notations and properties
of asymptotic notations that are utilized throughout the book.

Chapter 4 begins with a basic introduction to properties of mathematical representations
and characterizations of heavy-tailed loss models through the characteristic function and
its representation. It then details the notions of divisibility, self-decomposability and the
resulting consequences such distributional properties have on loss distributional approach
compound process models. The remainder of the chapter provides a detailed coverage of
the family of univariate a-stable models, detailing their characterization, the parameteriza-
tions, density and distribution representations and parameter estimation. Such a family of
models is becoming increasingly interesting for OpRisk modeling and insurance. It is rec-
ognized that such a family of models possesses many relevant and useful features that will
capture aspects of OpRisk and insurance loss processes accurately and with advantageous
features when used in a compound process model under a loss distributional approach
structure.

Chapter 5 provides the representations of flexible severity models based on tempering or
exponential tilting of the a-stable family of loss models. Under this concept, there are
many families of tempered stable models available; this chapter characterizes each and
discusses the mathematical properties of each sub-class of models and how they may be
used in compound process models for heavy-tailed loss models in OpRisk and insurance.
In addition, it discusses the aspects of model estimation and simulation for such mod-
els. The chapter then finishes with a detailed discussion on quantile-transformed-based
heavy-tailed loss models for OpRisk and insurance, such as the Tukey transforms and the
sub-family of the g-and-h distributions that have been popular in OpRisk.

Chapter 6 discusses compound processes and convolutional semi-group structures. This
then leads to developing representations of closed-form compound process loss distribu-
tions and densities that admit heavy-tailed loss processes. The chapter characterizes several
classes of such models that can be used in practice, which avoid the need for computa-
tionally costly Monte Carlo simulation when working with such models.

Chapter 7 discusses many properties of different classes of heavy-tailed loss processes with
regard to asymptotic representations and properties of the tail of both partial sums and
compound random sums. It does so under first-, second- and third-order asymptotic
expansions for the tail process of such heavy-tailed loss processes. This is achieved under
many different assumptions relating to the frequency and severity distribution and the
possible dependence structures in such loss processes.

Chapter 8 extends the results of the asymptotics for the tail of heavy-tailed loss processes
partial sums and compound random sums to the asymptotics of risk measures developed
from such loss processes. In particular, it discusses closed-form single-loss approxima-
tions and first-order, second-order and higher order expansion representations. It covers
value-at-risk, expected shortfall and spectral risk measure asymptotics. This chapter also
covers some alternative risk measure asymptotic results based on EVT known as penulti-
mate approximations.



