Preface

Generalized Linear Model (GLM) is a popular statistical tool now used by
insurance companies. The model is most often applied in risk assessment
for short-term non-life insurance schemes generating mass risk portfolios
and in loss reserve prediction. The two groups of problems are now treated
as disciplines of actuarial sciences which are referred to in literature as
ratemaking and loss (claim) reserving. Due to the insurance data speci-
ficity and considering the progress made in computational techniques as
well as the growing amount of information gathered by insurers, differ-
ent kinds of modifications of GLMs are now in practical use. Zero-inflated
General Poisson claim frequency, overdispersion or heavy-tailed empirical
claim severity distribution are the examples here.

This book aims to present program R and its capabilities in ratemaking
and loss reserving. There are a few good titles, which addressed similar
topics and the R code is partly provided, e.g. [16] or [35]. This book
presents the models, complementing the models in these works (hence
the title ”selected”). Only the first chapter may contain elements that are
similar, but it is indispensable for those readers who are not proficient in
ratemaking or loss reserving. The characteristic feature of selected models
is that they allow to capture different dependencies by using random effects
or copulas. Since the GLMs are greatly extended by adding one or more
sets of random effects on the same linear scale, it allows to use likelihood-
based inferences based on the h-likelihood. 1In this case the estimation
method does not require the use of numerical integration as in marginal
likelihood, and neither are prior probabilities required as in bayesian ap-
proach.

The practical use of more and more complex statistical models creates
the main problem of how to estimate their parameters. Usually, such esti-
mation is possible only if numerical algorithms and suitable computational
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techniques are applied. Numerous implementations of models dispersed
throughout various packages can be found in program R. The functions
generally have a similar, intuitive structure but they differ from each other
when it comes to details. It is quite often the case that the image of what
a given function produces and what exactly the estimated quantity is may
differ from the actual shape of the implemented model. Therefore, the Au-
thors wish to show the model theoretical fundamentals with respect to a
specific function of program R on the one hand, and to present the func-
tion application in ratemaking and loss reserving on the other. Each issue
of the book consists of the following parts:

e theoretical introduction - ratemaking and loss reserving
e theoretical introduction and R function - general statistical models
e models and empirical examples in R

The first chapter of the book provides a brief overview over the GLMs and
their modifications used in insurance. After that Tweedie family of distri-
butions applicable in the modeling of claim severity is considered in detail.
Next a variety of models for the count variable, which is the number of
claims are presented. The chapter ends considerations about the goodness
of fit of the model (Akaik Information Critera (AIC), Bayesian Informa-
tion Critera (BIC), deviance) and the method of comparing models (cross-
validation, bootstrapping). The second chapter presents a class of models
which is not popularized in the actuarial literature and which is referred to
as Hierarchical Generalized Linear Model (HGLM) that make it possible
to take account of dependency occurring between random variables under
consideration. The dependency can be both structural and empirical. Ex-
cept for mere mentions, this issue is not widely discussed in literature. In
the third part, copulas, which are well-known and extensively described
in the actuarial literature, are applied. However, this book presents their
practical use in ratemaking. The last chapter discusses the methods of
loss reserving, but only this which are connected with the GLM. As it is
popular to use bootstrapping in the estimation of error of prediction of loss
reserve this problem is considered as well. The bootstrap estimator of error
of prediction is proposed.
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The book is intended for BSc, MSc and PhD students. It supplements
the knowledge gained in subjects/courses concerning Non-Life Insurance:
Statistical Techniques. It may also prove useful in preparation for actuarial
examinations. A strong emphasis is laid on practical applications with the
use of R. Therefore, the second circle of readers that this book is addressed
to are practitioners working in different departments of a non-life insurance
company.

The readers have to be familiar with the basic course in mathemati-
cal statistics including the methodology concerning random variables and
their distributions, the maximum likelihood estimation method and linear
models. It is also necessary the knowledge of basic theory of insurance
issues. Extensive consideration of ratemaking and GLMs models can be
found 1n [46], [55], [14], [19], [79], [35], whereas issues related to loss re-
serving methods using GLMs models are discussed in detail in [95]. One
of the modifications is the change in the assumption concerning the re-
sponse variable in the GLM model. A wide range of different distributions
has so far been presented by many researchers, e.g. [22], [45], [3]. Another
modification is taking account of relationships between the risk portfolio
individual risks. The relations can be mapped by introducing random ef-
fects into GLM models. The use of mixed fixed and random effects models
in ratemaking and loss reserving is described for example in [76], [2], [1],
[7], [36], [42], [43]. An alternative method of modelling the relationships
is the copula function. The application of copula-based models in insur-
ance is the subject of the following works: [37], [18], [60].

Moreover, readers should have basic skills required to use R, such as
software package installation, data downloading, use of functions/facilities
included in packages. The book contains a supplement which is the web-
based Git repository !

https://github.com/woali/Ratemakingl.ossReserve

with R codes for all examples prepared in this book. Most of the code is
presented and described in the text, but in case of some complex calcu-

"Publication was co-financed from the funds granted to the Faculty of Finance and Law at
Cracow University of Economics, within the framework of the subsidy for the maintenance of
research potential.
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lation the code is only in the electronic version. It regards in particular
codes generating figures. We believe that the analysis and applications of
available R codes help readers in understanding the subject. But nothing
will replace own solving a problem in R.
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Table A.1: R packages used in examples

Library Citation
library(stats4) [82]
library(MASS) [93]
library(insuranceData) [100]
library(tweedie) [27]
library(statmod) [89]
library(dglm) [28]
library(faraway) [34]
library(gamlss.dist) [91]
library(pscl) [105]
library(cplm) [106]
library(pls) [74]
library(fitdistrplus) [20]
library(gridExtra) [4]
library(lattice) [87]
library(ggplot2) [97]
library(extRemes) [44]
library(gPdtest) [31]
library(Ime4) [5]
library(glmmML) [12]
library(MixedPoisson) [101]
library(hglm) [85]
library(StatMatch) [26]
library(graphics) [82]
library(gridExtra) (4]
library(copula) [49]
library(CopulaRegression) [59]
library(plotrix) [51]
library(ChainLadder) [40]




