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Preface

The present material is written for students enrolled in actuarial master programs

and practicing actuaries, who would like to gain a better understanding of insurance

data analytics. It is built in three volumes, starting from the celebrated Generalized

Linear Models, or GLMs and continuing with tree-based methods and neural

networks.

After an introductory chapter, this first volume starts with a recap’ of the basic

statistical aspects of insurance data analytics and summarizes the state of the art

using GLMs and their various extensions: GAMs, mixed models and credibility,

and some nonlinear versions, or GNMs. Analytical tools from Extreme Value

Theory are also presented to deal with tail events that arise in liability insurance or

survival analysis. This book also goes beyond mean modeling, considering

volatility modeling (double GLMs) and the general modeling of location, scale and

shape parameters (GAMLSS).

Throughout this book, we alternate between methodological aspects and

numerical illustrations or case studies to demonstrate practical applications of the

proposed techniques. The numerous examples cover all areas of insurance, not only

property and casualty but also life and health, being based on real data sets from the

industry or collected by regulators.

The R statistical software has been found convenient to perform the analyses

throughout this book. It is a free language and environment for statistical computing

and graphics. In addition to our own R code, we have benefited from many R

packages contributed by the members of the very active community of R-users. We

provide the readers with information about the resources available in R throughout

the text as well as in the closing section to each chapter. The open-source statistical

software R is freely available from https://www.r-project.org/.

The technical requirements to understand the material are kept at a reasonable

level so that this text is meant for a broad readership. We refrain from proving all

results but rather favor an intuitive approach with supportive numerical illustrations,

providing the reader with relevant references where all justifications can be found,

as well as more advanced material. These references are gathered in a dedicated

section at the end of each chapter.
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Notation

Here are a few words on the notation and terminology used throughout the book.

For the most part, the notation conforms to what is usual in mathematical statistics

as well as insurance mathematics. Unless stated otherwise,

n ¼ Number of observations (or data points).

yi ¼ The ith observed value of the response (or outcome, dependent

variable), observed response for individual i, realization of the

random variable Yi; i ¼ 1; . . .; n.

y
_

i ¼ Fitted value, predicted response for the ith individual.

�y ¼ Average, or sample mean of the n observed responses y1; . . .; yn.

y ¼ Column vector of all n response values. All vectors are column ones,

by convention.

p ¼ Number of features (sometimes also called covariates, independent

variables, regressors, as well as explanatory variables or predictors

when they influence the response).

xij ¼ Value of the jth feature for the ith data point, i ¼ 1; . . .; n,

j ¼ 1; . . .; p, realization of the random variable Xij.

xi ¼ Column vector of the p features for the ith data point.

X ¼ Matrix of the p features for all data points, known as the design matrix

with n rows and p columns (xi is the ith row of X)

or random vector with components Xj, j ¼ 1; . . .; p (clear from the

context).
X> ¼ The transpose of the design matrix X, with p rows and n columns.

I½�� ¼ Indicator function of an event (equal to 1 if the event appearing within

the brackets is realized and to 0 otherwise).

P½�� ¼ Probability of an event.

E½�� ¼ Expectation of a random variable.

Var½�� ¼ Variance of a random variable.

Cov½�; �� ¼ Covariance of a pair of random variables.

vii



bh ¼ Estimator or estimate (clear from the context) of the unknown

parameter h (parameters are denoted by Greek letters).

The real line is denoted as �1;1ð Þ. We use the symbol * to mean “is

distributed as”, � to mean “is approximately equal to” or “is approximately dis-

tributed as” (clear from the context), and / to mean “is proportional to”.

viii Notation
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