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ABSTRACT

The credibility theory is based on the weighting of the claims data of the previous
policy periods and the damage data of the last turn; is the estimated method of

calculation used for premium determination for the next policy period.

These calculations are made using the Z credibility factor. Z value can be
determined by different process and methods. These processes and methods are
called credibility models. The credibility models are examined under two main

headings as Limited Fluctuating Credibility and Classical Credibility.

In this study, previous studies on credibility theory and credibility theory have been
examined. The connection between the Bayesian Approach, Bithlmann and
Biihlmann-Straub credibility models from the forerunner of credibility theory is
theoretically explained. By choosing the Bithimann - Straub method from these
models; Turkey Insurance Association received from the 2014, 2015, 2016 and
2017 the amount of damage damage insurance with traffic data relating to were
made modeling. There are two calculations for damage modeling operations. The
first calculation is the credibility account taken from the past years' averages. The
second calculation is the calculation of credibility with independent randomly

selected data sets.

Finally, the damage model is interpreted according to whether the credibility factor

is 0, 1 or within this range.

Key Words: Credibility Theory, Credibility Factor, Credibility Models, Credibility
Primer, Biithlmann Model, Biithlmann - Straub Model,
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OZET

Kredibilite kurami onceki polige dénemlerine ait hasar verileri ile son doneme
iliskin hasar verilerinin agirliklandirilmasi ile birlikte; bir sonraki police dénemine

ait prim belirleme iglemi igin kullanilan tahmini hesaplama yontemidir.

Bu hesaplama islemleri Z kredibilite faktorii kullanilarak yapilmaktadir. Z degeri
ise farkli yontem ve metotlar ile belirlenebilmektedir. Bu yontem ve metotlar
kredibilite modelleri olarak adlandirilmaktadir. Kredibilite modelleri Simirh
Dalgalanmali Kredibilite ve Klasik Kredibilite olmak iizere iki ana bashk altinda

incelenmektedir.

Bu ¢alismada kredibilite kurami ve kredibilite kurami tizerinde daha 6nce yapilan
calismalar incelenmistir. Kredibilite kuraminin onciilerinden Bayesci Yaklagim,
Biithlmann ve Biihlmann - Straub kredibilite modelleri arasindaki iligki kuramsal
olarak agiklanmstir. Bu modellemelerden Biithlmann - Straub yontemi segilerek;
Tiirkiye Sigorta Birliginden alinan 2014, 2015, 2016 ve 2017 yillarina iliskin trafik
sigortas1 hasar verileri ile hasar tutar1 modellemesi yapilmistir. Hasar tutari
modelleme islemleri icin iki sekilde hesaplama yapilmustir. ilk hesaplama ge¢mis
yillarin ortalamalar1 alinarak yapilan kredibilite hesabidir. Ikinci hesaplama ise
birbirinden bagimsiz rastgele secilen veri kiimesi ile yapilan kredibilite

hesaplamasidir.

Son olarak da hasar tutar1 modellemesi kredibilite faktoriiniin 0, 1 veya bu aralikta

olmasi durumlarina gére yorumlanmastir.

Anahtar Kelimeler: Kredibilite Kurami, Kredibilite Faktorii, Kredibilite
Modelleri, Kredibilite Primi, Bayesci Yaklagim Bithlmann Modeli, Bithlmann —
Straub Modeli,



INTRODUCTION

In actuarial science, the word "credibility" was first used as a measure of confidence
in the extent to which actuaries should rely on the experience of a number of
insurers when making pricing. The credibility word is defined as a measure of the
experience of a number of insurers for actuarial premium determination. Briefly,

credibility is called the measure of trust in actuarial science. (Longley-Cook 1962)

According to Frees et al. (2005), credibility theory examines the methods used to
predict the future damage of any unit in a group of similar risk units with known

historical damage information.

When credibility theory is examined in detail, the main aim is to calculate the fair
premium values and interpret the calculated results using the policyholders'
experiences and past experience with specific weighting methods. This weighting
is based on the credibility factor. The credibility factor will give a weight to the past

insurance data, a specific weight to the current data.

At this point, homogeneous or heterogeneous insurance portfolio is important for
premium. If the insurance portfolio is homogeneous, using the overall average is
the right approach. When examining the insurance sector data, it is seen that the
insurance portfolios are heterogeneously distributed. In this case it would be unfair
to use a common premium. Because some insurers have good damage experiences,
when there is no damage or the number of damage is small, some insurers have bad
damage experiences, where the number of damage are big. In this context, it is
important for insurance companies to distinguish between good and bad insurance
holders. Determining fair premium values for both insured and insurance

companies will help to ensure that sector fairness.

The credibility theory also allows the calculation of the premium values that will

provide compromise within.the two parties by giving specific weight to the two
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premium values, that is to say the premium values determined both in terms of

insured and insurance companies; all of the transactions and methods are examined

under credibility theory.

The purpose of studying credibility in this thesis is; is to introduce the Bithlmann -
Straub credibility model as a source of work to be done using classical credibility
models. In this direction, the history of the Biihlmann-Straub credibility model was
searched; its theoretical structure has been examined and summarized. Then,
Biihlmann-Straub credibility models functioning describes using data taken from
the Turkey Insurance Association (TSB) website. Compensation payments related
to the vehicle type, the number of damages related to the vehicle type, the premium
value received and the number of insurance policies (number of insured persons);
Biihlmann-Straub credibility model and the model of the damage value model. For
these modeling operations, damage data between 2014 and 2017 are used and 16
quarters of insurance data are included in the calculation. Using these data and the
Biihlmann-Straub credibility model, premium values were obtained for the next
insurance period. After the obtained values, the results were compared and the

results of the comparisons were interpreted.



CHAPTER 1

LITERATURE REVIEW AND METODOLOGY

1.1 THESIS CONTRIBUTION B

1.1.1 Literature Review

When the literature survey was carried out, it was seen that the persons who studied

the Biithlmann credibility method had the following points.

Meral Ebegil published her article in 2006, “A Study on Bayesian Method in

Credibility”; credibility is mentioned in the following scope;

Bithimann and Biihlmann-Straub credibility models are the best linear
approximations to the Bayesian standard. Hence, in the study relationship between

Bayesian method and Biihlmann credibility model are shown theoratically.

The relationship between the credibility theory and the Bithimann-Straub model
and the one-factor random effects model, which is a special case of the mixed effect
model, was theoretically examined in the Meral Ebegil’s doctoral dissertation titled
"Parameter Estimation Credibility Theory and A Statistical Approach" in 2007.
The Biihlmann-Straub credibility model and the single-factor random effects model

were used to calculate the damage estimates for both models.

Aslihan Senturk and Cenap Erdemir published an article in 2010, " Panel data
models in credibility theory and an application for the motor third party liability
insurance"; credibility theory and panel data regression models are explained in
general terms, the link between the credibility models and panel data models is
investigated. Bithlmann, Biihlmann-Straub and Jewell’s hierarchical credibility
models that are given under greatest accuracy credibility approach, are examined

as special cases of mixed linear models.



Abdurrahman Erdal made a study on credibility models in his master thesis titled

"Studiying Credibility Factor in Classical Credibility Models" published in 2013
and modeled the amount of damage with the help of Bithlmann-Straub model. In
addition, Monte Carlo Simulation method on Matlab has examined the interval

estimates of the credibility factor.

After 2013, studies on credibility and credibility motives were carried out.
However, after 2013, there was no study in the literature on Bithlmann-Straub
Credibility Model.

1.1.2 Research Questions

This thesis aims to be able to make credibility calculations of traffic and insurance
files by using real data after examining the credibility models and to be a reference

for the future work to be done on this field.

The specific research questions are reported below:

1) What is the credibility meaning?

2) What is credibility history?

3) How many credibility models are there?

4) What are the similarities and differences between credibility models?

5) Is there a link between the techniques and methods used for credibility
modeling? If so, how is it evaluated?

6) What are the benefits of credibility calculations for the insured and
insurance company? |

7) What are the difficulties in calculating the real data in the insurance sector

and the credibility of motor vehicles and traffic files?

According to the research questions we tried to help advance research by providing

following contributions:
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1) The importance of Z credibility in the premium calculation to be modeled

for traffic insurance
2) Biihlmann-Straub's calculations by taking the average of the past years and
emphasizing the importance of the used data by revealing the differences
between the independent data

1.1.3 Methodology

This section describes the methodological approach that explains how
research work is done to find answers to the proposed research questions.

The selection of the research field and contextual information about
credibility modeling will be evaluated. First of all, the use of credibility theory and
how credibility modeling should be done will be investigated. Here, credibility
modeling operations history will be investigated first; scientific and technical
resources will be used for these transactions.

The difficulties that may arise in the modeling process of credibility theory,
the feasibility of the models, and the differences between the models will be
examined. In addition, similarities and differences between credibility models are
explained.

The Biithlmann-Straub credibility model was chosen among the models
examined in this study; credibility account will be made with traffic insurance data
obtained from the Turkey Insurance Association. The data to be used before the
credibility account was prepared and the past details such as compensation
amounts, number of insured persons, number of claims, premiums received,
number of files, etc. The data belongs to 16 cycles as 4 years.

Values such as mean p, variance 9 were calculated with these data. The
credibility factor Z was then calculated. Two different methods have been used to

find the credibility premium. In the first of these methods, the average value of the
past years is used instead of X inthe credibility premium calculation, and randomly

selected values are used in the second method.



1.1.4 Structure of Thesis

The reminder of this thesis is structured as follows. The thesis has two parts,
theoretical and practical. The theoretical part consists of the following sections:
In the first part of the thesis, literature review, research questions and thesis

contribution, methodology used in thesis are mentioned.

In second part of thesis, credibility theory is discussed and concepts that constitute

credibility are mentioned.

In the third part of thesis, studies carried out in the area of credibility to date have
been examined historically. From Mowbray, who first used the concept of
credibility, Bailey and Bayesen to Biihlmann assessed the studies that deal with the
different points and similarities of the credibility developed and progressed in

history.

In the fourth part of thesis; The main and sub-headings of the credibility models
laid out in the studies conducted in relation to the historical behavior of the
credibility are briefly explained. Under the models, the concepts of credibility are

mentioned.

The practical part consists of the following sections.

In fifth part of thesis, examples of traffic files and credibility calculations taken
from the insurance sector will be detailed. Here credibility calculations will be done
by calculations made with sample; the size and content of the data sets and objects
will be determined. The scenarios modeled at this stage will be supported by
examples, outputs and outputs. The credibility factor, which has an important place
in the credibility models, was examined and the damage amount modelling was

done on the traffic insurance data using the Bithimann-Straub credibility model.



The last part of thesis, the resulting credibility calculator analytical calculations will

be presented in a report and the advantages and disadvantages will be assessed.



CHAPTER II
CREDIBILITY THEORY

2.1 CONCEPTS OF CREDIBILITY
2.1.1 Credibility Definitions

To explain the credibility theory, first explain the concepts related to insurance.

These concepts will focus on the concepts defined by Klugman et al. (1998).

Definitions of some important concepts used in insurance and credibility

calculations are as follows.
Risk: It is defined as an uncertainty that may result in loss or an insured hazard.

Personal risks: Personal risks: Directly affect the individual. The risk of loss of

income upon loss of ability to earn income is the risk.

Specific risks: Requires losses due to individual events and affects individuals

rather than the entire group. Sometimes the individual is caused by his own fault.

Fundamental risks: risks that affect a group in the economy or a large group of

people, or the entire economy.
Pure risks: The risk of damage is present or the situation continues in the same way.

Uncertainty: The uncertainty arises from the lack of information about what can not

happen in the future.

Insurance: A large number of individuals facing the same risk to bring the
probability of damage, which is uncertain as risk management and risk management

in order to meet the by a person or organization with responsibility.

Insurance policy: A contract that says that an insurer who receives a certain amount
of premium, called a premium, agrees to pay a certain amount of what is called an
insured amount when a particular damage event occurs, or to a third party who is

liable if the insurer is responsible.



Insurer: An insurer is a person who is a party to the insurance contract and who

carries out risk management by bringing together the persons who face the same
risks, not the damage itself, and collecting the premiums received from them in a

pool to meet the individual risks, and institutions.

Premium (premium): The amount paid by the policyholder to the insurer in

exchange for insurance coverage.

Insured: It is one of the parties to the insurance contract. By paying the premium,
he is the person who takes over the debt and liabilities arising out of the agreement,

the transfer to the insurance company and the contrary.

Loss event or claim: The insured or a group of insured persons must be exposed to

potential collateral damage by insurance contracts.

Loss: The cost of a loss that a group of insurers or a group of insurers are exposed

to as a result of a loss. The loss resulting from damage can also be zero.

Credibility: The process of combining past experiences of this group or individual
to better estimate the amount of loss expected of a group or individual (or to

estimate any statistical magnitude related to them) is called credibility.

Credibility factor: When the formula C = ZR + (1-Z) H is used, the value of Z is
either credibility or credibility factor. The credibility factor Z, expressed by below

formula:

Z_n
T n+k

Where n is the number of trial periods or risk exposures and k is the number of units

exposed,

expected value of process variance

variance of hypothetical means

Riske Exposure Unit: The basic unit of measure for the determination of premiums

(Klugman et al. 1998).



2.1.2 Credibility Theory

The credibility theory emerged in the late 1890s with the pricing studies of

employers' liability insurance. [Mowbray, 1914].

Mahler et al. 2001, Credibility theory provides various means to deal with the
coincidence of the data used to predict future events or costs. For example, an
insurance company uses past insurance claims and other information to estimate
insurance premiums. Because insurance losses are caused by accidental events, the
premium estimate must be made reasonably. The expected correctness of this

estimate is a function of the variability in losses.

Credibility theory is interested in estimating the expected claims for the next policy
period by using the prior claim data. In a crebibility model, the observed claim data

for each risk are used as prior data and the density of the risk parameter is called

" the structure function. The easiest way of the calculating credibility premiums is

the linear Biihlmann credibility method. (Ebegil 2007)

Statistically, credibility theory is a method that aims to achieve in a non-intuitive
way. In the presence of preliminary information, sample averages or other unbiased
estimators can be used. However, credibility theory gives this experiment only a
partial weight and the remaining weight gives the estimator of the other (current)

information. [Klugman ve ark., 2004].
C: Credibility estimator (number of damage, amount of damage, risk premium, etc.)

Z: Credibility factor (weight given to current observations)

X Average of current observations
y: Preliminary average

C=zX+1-2)n @.1)

Calculated from the above equation [Herzog, 1994].

10



Credits calculated by weighting the credibility factor in equation (2.1) are called

credibility premium [Kaas ve ark., 2001].

11
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CHAPTER 3

HISTORY OF CREDIBILITY
3.1 CREDIBILITY RESEARCHES

The credibility theory emerged in the late 1890s with pricing studies of employers'
liability insurance. The first definition of credibility is given for full credibility in
the work undertaken by Mowbray. This study, which is the beginning of credibility
theory, sets the criteria for giving full credibility to data (Mowbray, 1914; Ebegil,
2007).

When Mowbray (1914) 's study is examined, credibility is defined as the work done
against the risk of policyholder' s knowledge and experience on policy pricing. For
this reason, credibility is one of the most important methods of casualty actuarial
science Mowbray (1914) summarized his work on credibility with the text "How
many trials / results need to be observed before I can believe my data?". He pointed

out that the number of data is important for achieving correct credibility.

In addition, Mowbray (1914) conducted a study on the minimum number of
observations required for full reliability in work accident insurance. In these studies,
the probability of change determined for the number of observations was assumed
to be binomial distributed, and the lower limit of the number of observations was

found for normai convergehce and full confidence. (Mowbray 1914)

Following Mowbray, Whitney (1918) used existing estimates and new data to

obtain new estimates; it is focused on combining these data.

Whitney (1918), brought the concept of Partial Credibility into the agenda, thinking
that it would be difficult to achieve complete credibility, and made experience

pricing by weighting individual risk with all risk class data. (Whitney 1918)

According to Goulet (1918) Whitney's partial credibility approach constitutes the
first step of the Largest Accuracy Credibility because it is based on homogeneity.

[Goulet 1998].

12



Arthur Bailey (1945 and 1950) published his least squares approach to classical

credibility and found that the equality of the credibility estimator would be derived
from Bayesian theorem. For this reason, Arthur Bailey is known as the pioneer of

modern credibility theory (Bailey 1945, Bailey 1950).

Basically Bailey's work is about associating with Largest Accuracy credibility and
Bayes Theorem. This has brought a different perspective to credibility theory. A
Bayesian Approach has been adopted since it is not right to estimate the credibility
premium according to the information of the learner without considering the

preliminary distribution (Bailey 1945)

Biihlmann constructed the credibility model of Bithlmann by obtaining a
credibility formula, which can be expressed as the best linear approach of Bayes'
method independent of the distribution (Biihlmann, 1967). Following this work,
Biithmann and Straub (1970) presented the Biithlmann-Straub model of credibility,
which is a generalized version of the Bithlmann model, taking into account the
fact that the unit numbers exposed to risk vary according to the individual. In the
Bithlmann-Straub credibility model, the variance homogeneity assumption is
impaired and the feature of variance heterogeneity is added (Biihlmann and Straub,

1970).

The credibility theory has entered a rapid development process since the 1970s.
Jewell (1975) worked with a two-step hierarchical model and extended Taylor's
(1979) model with a more gradual model (Kremer, 1994, Ebegil, 2007).

Work on credibility theory has focused on generalizations between 1970-1980 and
on predictors of parameters since 1980. Important studies of the period have been
carried out by Norberg, Gisler, De Vylder, Dubey and Gisler (De Vylder, 1981,
Kremer, 1994, Schnieper, 1995). The process of decelerating from the mid-1980s
to the 1990s was accelerated in the 1990s and the work concentrated on optimal

parameter estimators.

13



Campbell used the credibility theory to classify car models (Campbell 1986).Sundt

(1987), is another work used in the classification of vehicles by the Theory of
Credibility.

According to Dannenburg; Some statistical models, well known in recent years, are
applied to credibility theory. As an example of these studies, models of variance

components can be given (Dannenburg, 1995).

In the following years, some well-known statistical models have been applied to
credibility theory. As an example of these studies, models of variance components
can be given [Dannenburg, 1995]. Dannenburg et al. (1996) stated that analysis
would be difficult because of the multiple risk parameters between groups or
individuals when the risk parameter condition, which s difficult to explain the
credibility models, is formed, and it would be easier to divide the risk variables into
independent variance components instead of using the variance components model

in obtaining the credibility estimators [ Dannenburg et al. 1996].

Dannenburg et al. (1996) stated that analysis would be difficult because of the
multiple risk parameters between groups or individuals when credential models are
difficult to explain the risk parameter condition, and it would be easier to divide the
risk variables into independent variance components and that the variance
components (Dannenburg et al., 1996). Young developed a credibility formula that
minimized the damage function using the decision theory in 1997 (Young, 1997).

Goulet (1998); In his study of all credibility models, such as Limited Fluctuating
Credibility, Largest Accuracy Credibility, Bayesian Credibility, Biihlmann-Straub
Credibility, Hierarchical Credibility and Cross-Classification Credibility Models,
he made parameter estimates and explained in which situations the models would

be used (Goulet 1998).

14



Norberg (2004), argues that the Limiting Fluctuating Credibility approach can be

called the "Stable Effect" theory of credibility and the "Largest Accuracy
Credibility" approach can be called the "Random Effect" theory of credibility
(Norberg 2004).

Mahler et al. emphasized fundamental assumptions and model types of the Theory
of Credibility (Mahler et al. 2005).

Ebegil (2006) has theoretically established the relationship between the Bayesian
method and the Biithlmann credibility model.

Biihlmann-Straub credibility model is described a generalized version of the
Biihlmann credibility model, as a special case of the mixed effect model, using the
best linear unbiased estimators to "predict" the creditworthiness premium prices.

(Ebegil 2007)

Kaas et al. (2008), have addressed credibility problems as bold guessing problems
and have focused on the Largest Accuracy Credibility approach.

Gau et al. (2008) examined the range estimation of the credibility factor, especially

the credibility factor.

Wen and Deng (2009) examine credibility premiums when the risks are dependent.
Biihlmann developed a credibility formula to explain equal correlations of risks and

took into account parameter estimates in this model [Wen and Deng, 2009].

Atanasiu (2009) presented some extensions of the Bithlmann-Straub credibility
model. He then defined the updated credibility formula based on covariance
structures. It has been shown that the newly adjusted credit premium can be
calculated as the weighted average of the net premium price in the previous period

and the current period loss [Atanasiu V., 2009].

15
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Sentiirk basically explained the credibility theory and mentioned his approaches in
his thesis study prepared in 2010. The application part of the study group data
Sentiirk prepared the panel considering individual data such as data analysis and

credibility premium account is made for all the cities in Turkey (Sentiirk 2010).

In the presence of preliminary information, sample averages or other unbiased
estimators can be used. However, credibility theory gives this experiment only
partial weight and the remaining weight gives the estimator of other (current)
information. The credibility theory includes methods that enable the insurer to

quantitatively solve this problem. (Klugman et al., 2004, Ebegil, 2007, Erdal, 2013).

In Karadag (2014) thesis research, the Generalized Linear Models (GDM) and
Creditworthiness Theory, which are frequently used in the pricing of non-life

insurance products, are discussed together.

It has been investigated how linear model components generalized by Erdemir and
Sucu (2016) affect the model's credibility. The structure of the connective tissue

and the effect of retribution were investigated.
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CHAPTER IV

CREDIBILITY APPROACHES

4.1 CREDIBILITY MODELS

The credibility theory examines the methods used to predict the future damage or
amount of damage to a future unit in a group of similar risk units with known

historical damage information (Frees and Wang, 2005).

Credibility theory; is a method for calculating the weighted estimated value of the
previous period insurance data and the new term insurance data; the weighting
process of the data is done by Z value. Z value is the credibility factor and credibility

models are used to find the Z value.

The credibility models are grouped under two main headings. These main groups
are Limited Fluctuation Credibility and Classical Credibility. Limited Fluctuation
Credibility Limited fluctuating credibility consists of two subtitles. These
subheadings are; Full Credibility and Partial Credibility.

Classical Credibility consists of three subtitles. These are the Bayesian Approach,
the Bithlman Credibility Model and the Biihlman Straub Credibility Model.

e Limited Fluctuation Credibility
o Full Credibility Approach
o Partial Credibility Approach
e Classical Credibility
o Bayesian Approach
o Biihlmann Credibility Model
o Biihlmann Straub Credibility model
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4.1.1 Credibility Approaches

The credibility theory is grouped according to the importance of different measures
in previous studies. This grouping is modeled by different perspectives from

different perspectives.

According to Goulet (1998), credibility has been examined under two main
headings: Limited Fluctuating Credibility (American Credibility) and Largest
Accuracy Credibility (European Credibility). Largest Accuracy of Credibility by
Goulet; are seperated Bayesian credibility and Bithlmann-Straub credibility. Under
the Bithlmann-Straub éredibility model, the hierarchical credibility model and the

cross-classification credibility model have been examined as sub-titles.

According to Dannenburg et al. 1996, credibility has been examined under 5 main
headings. These; Limited Fluctuating Credibility, Largest Accuracy Credibility,
Biihlmann-Straub Model, Jewell "In Hierarchical Model and Hachemeister Model.

According to Klugman et al. [1998], Mahler and Dean [2005] and Herzog [1999],
credibility approaches is divided into three section as Limited Fluctuation
Credibility (Full and Partial), Bayesian Credibility and Largest Credibility of
Accuracy (Biihlman and Biihimann-Straub).

According to Kaas [2008], the credibility approach is divided into two parts:
Limited Fluctuating Credibility and Largest Accuracy Credibility (Biihlmann,

Biihlmann-Straub and Bayesian).

Key Assumptions About Credibility Theory:

Xi, (1i=1,2,..,1;)=1,2,...,n)j’th year, i. the average of the amounts of the losses
related to the risk, i. the average damage amount for the risk can be defined by the

following formula.

n
1
X = EZ Xy, 4.1)
=1
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i) For each i risky, there exists a parameter @i (i = 1,2, ..., r) and ©; are

independent and coincident random variables.
ii) [(Xi1, Xiz, ..., Xin, ©): 1< i <r] is independent and has the same
distribution.
iii) For any i risk, X; is the conditional independent variable of Xi;, Xo, ...,
Xin, where i is the random variable.
In this direction, @;, i’th risky is the parameter of damage distribution.

m@)=E[Xy| O=v] 26;=v (4.2)

is the conditional expected value of the total damage.

The variance is defined under ®; = v condition as

s’(v)=Var[X;|©i=v] 4.3)

and, the overall mean of the total damage is 4 = E [m (©;)]. If ©; is known, m (6))
can be used for premium calculations. Since the risk parameter is usually an

unknown parameter, estimators are needed. X; can be a predictor of m (©;).

4.1.2 Limited Fluctuating Credibility

Limited fluctuating credibility is the first work done by Mowbray (1914) and
Whitney (1918) to quantify the concept of credibility. In the limited fluctuating
credibility theory, frequentist models are used to determine the credibility factor Z
and to find the expected number of claims required for full credibility. Many
methods of using statistical methods in credibility theory have also been studied by
Bailey [Bailey, 1950]. These include Bayesian analysis, least squares approach and
regression analysis. In a limited fluctuating credibility theory, Goulet conducted a
study [Goulet, 1997].

Theoretically mention of limited fluctuating credits;
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If a fuse i€fl, 2L , n} you have to insure Y insured persons during the i’th
experience period. In other words, 7; Y is the past experience of belonging to the i’th
insurance or i’th insured in a particular group for pricing.

E (Y;)) = p In this case, the average is the same as the time or class members.
Assume for all i; Var(Y,) =0

By going out of the data; Y = (¥; +Y2 +L +Y,)/n is the average of past experiences.
IfE (Y) = uand Y; ‘s are indepedent; the formula is Var(Y) =a?/n .

These ways Y1, Y, L, Y, ‘s are independent and have same distribution. (Ebegil,

2007)

4.1.2.1 Full Credibility

The consequences of the insured's damage experience are deducted from future
insurance premiums according to their own past experience. At this point, the
number of observations is important. It is important that there is sufficient insurance
coverage to reveal full credibility, ie, Z = 1. In a full credibility approach,
"experience" is measured specifically with the help of the expected number of
damages over the next period of observations.

In short, insureds with sufficient number of claims usually require that their future
premiums be based on their own knowledge. The important situation here is that
when the insured experience (how many years, how many years later) is large

enough to provide full credibility. (Ebegil, 2007)

4.1.2.2 Partial Credibility

There is a need for a new estimator to be used in the premium calculations. The
credibility estimator that can be used until full credibility is reached is defined as
follows:

C: Credibility estimator (number of damage, amount of damage, risk premium, etc.)
Z: Credibility factor (weight given to current observations)

X: Average of current observations
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p: Preliminary average

Ci=ZX;+(1-2Du (4.4)

Z € [0,1] and Z is called the credibility factor. When the above equation reaches
full credibility, Z = I and X; can be used in premium calculations. The information
that ZX; shows that until it reaches full credibility is insecure or insufficient. The Z
credibility factor is a factor that increases with time and approaches to 1. (Klugman,

1992)

Chart 4.1 Differences Between Full and Partial Credibility — (Karadag 2014)

Full Credibility Partial Credibility

It deals with the number of|Z is dealt with when there are fewer

observations required for complete | observations than n for the number of

trust. observations required for complete
confidence.

There are n or more data. There are fewer than n observation.

7=1 0 <Z<1

4.1.3 Classical Credibility
Classical credibility is consists of three sections.

4.1.3.1 Bayesian Approach

In the stack, the distribution of risk characteristics is represented x (6). In addition,
given the 6 value of the experience of any insurance with a risk parameter 6, fro (¥
| 6) be the conditional distribution of the losses or damages. To be charged for Yn+1
when Y = y is observed for any insured. For the insured, the risk parameter 6 is to

be independent of each other, corresponding to the different risk exposure periods
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of the insured. Statistically, the damage or losses under 8 condition, Y1, Y2,..., Yn,

Y,+1, are independent of each other.

Y, conditional probability function;
fre®:168) ;t=12, .., nntl (4.5)

If 6 value is known, hypothetical mean;

Un+1(0)= E[Yn1|O= 9]:vKn+lfYn+1|@(yn+I | 8)dyu+1 (4.6)

Also the expected value of hypothetical mean; is written as below.

u=E[Yni1]= E[E(Yn+1|0=0)] = E[un1(6)] 4.7)
Therefore, the common premium is the average of the hypothetical average over ©.
If no information is available about the insured person, this premium can be used.
However, since the 0 value is not known, the best option is to use the observed data.

Therefore, Bayesian premium

E[Ynui|Y=y]=[ Vi tfvne 11y Onr1| ¥)AVn+1 (4.8)

Or;
E[Ynu|Y=y]=] Wos1(8). 7v0ly) d(®) (4.9)

As a result, the Bayesian premium can be defined as the expected value of the

hypothetical average over the expected value of the estimator distribution or the

posterior distribution 7Zgyy(@|y) . (Klugman et al. 1998)

4.1.3.2 Biihlmann Credibility

In this credibility model, which is also called the Least Squares Credibility, it is to

minimize the error between the previously estimated amount and the actual value.
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Bithlmann uses the variance of expected values and hypothetical averages of the

process variance.

In this credibility approach, it is important that experiences are homogenous; in a
heterogeneous portfolio individual experiences become even more important.
Bithlmann credits the observed data and priori knowledge. Since the observed data
alone is not reliable, more secure data is obtained using priori information. The role
of preliminary averaging is the measure of information about all data Mahler

(2005). Biihlmann credibility factor is found below equation.

Apshimanncreaiviity () = ZX; + (1 — Z)u (4.10)

In the Bithlmann credibility approach, the credibility factor is found by the ratio of

the expected value of process variances to the variance of hypothetical averages.
n

n+ kBﬁhlmann

Expected Value of Process Variance
Variance of Hypothetical Means

kpinimann =

calculated from the formula above Herzog (1999). kcredivility parameter and model
parameters. As the number of observations increases, the Z value approaches 1, but
never takes a value of 1. Z = I means only for full credibility. Since Bithlmann
credibility is related to the priori distribution, it is handled in some sources together

with Bayesian credibility.

4.1.3.3 Biihlmann Straub Credibility Model
Biithlmann-Straub Credibility is a generalization of Bithlmann credibility. The

Biithlmann-Straub model differs from the Bithlmann model in that the weight factors

are used because the variances are heterogeneous.
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The Biihlmann model requires that a fuse's past damage results (values) consist of

components that are independent of each other and have the same distribution for
each previous period. One of the difficulties that this hypothesis presents is that it
does not allow changes in the value of exposure. In other words, the Bithlmann
model does not allow for different numbers of units exposed to risk in past policy
periods or distributions of different sizes. That is, the Biihlmann model is not a
structure to deal with such differences. One of the most important constraints for
the Biihlmann model is that the conditional variances of Xi | @ are similar. To
address these problems, Bithlmann and Straub (1970) presented a generalized
version of the Bithlmann model [Klugman et al., 1998].

Under the assumptions in the Bithimann model, fori = 1, 2, ..., n + I, the conditional
mean and variance of Xi expressed in below

E[X)|©®=06]=u®) (4.11)
Var [Xi| @ = 0] =9 () / m; (4.12)
m; is the value of a risk exposure known to individuals during the i’th policy period.

The same definitions can be used in the Biithlmann-Straub model as it is in the

Biihlmann model. Here, p (0) is the hypothetical mean and 9 ( @) is the process

variance,
v =E[u®)] (4.13)
9 =E[9 ()] (4.14)
a="Var [u(@0)] (4.15)

is expressed in above.
n: Expected value of hypothetical averages

9: expected value of process variance

a: variance of hypothetical averages
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the averages, variance and covariance of X; can be obtained as follows.

E[X)] =E[E(X| © = 0)J=E[u(0)] =u i=12,...n (4.16)
Var [Xi]= E[Var(X| © = 0)] + Var [EX| © = 0)] (4.18)
=E[0 (0)] /mi] + Var [u (6)]
=9/m; + «a
and
Kov (X3, Xs) = E(Xi Xs) — E(X)E(Xs) - s#i si=1,23,..,n (419

=E[E (XiX;| © = 6)] - i*

= E[E(Xi| © = 6) E(X;| © = 0)] — { E[u (8)]}
={ E[u (0)]*} -{ E[u ()]}
=Var [u(©)]
=a

The total number of units for the policy periods exposed to labor is m=),7; mi .

Using equation (4.16) for this model;

Efpin1(8)] =80+ Xi=1 GEX) (4.20)

p=dot Xy i > Xiq G; =1- do/p (4.21)

the above results are obtained.

Fors, i=1, 2, 3, ..., n;

Equality of Kov (XoXn+1) = Xi=q i Kov(X, X)) (4.22)

Turns into;

25



o=y, dio+ ds(atd/ms) = Y, diat Jds/ms  (4.23)
When the obtained equality is solved according to ds;; equity is as below;

~

ds=2my(1 -3, d@i)= %ﬁu‘lm si=12,...n (4.24)

From 4.24 equation; 4.25 is obtained.

j=1 Ai= -IZ;I i1 ms=;7_m (4.25)
Here do,
~ u v/a
ao= 4.26
0 1+m m+v/a # ( )
Aot Y, a;X; = ;1 b3 +v / 4.27)
=(1-2)p + ZX
is obtained. Credibility factor and X are calculated as follows.
Z=—— e)?=zn Ty, 4.8
m+k ¥ j=q m ' (4.28)

Credibility factor of Bithlmann-Straub Z, depends on m. Also X, is the weighted
average of X;. These weights are proportional to mis. In the group formed by
policyholders, X; represents the average loss of the group member exposed by the

insurance holders in the group formed by the policyholders. It can be interpreted
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that m: X; expresses the total loss during the period of the group. X, represents the

overall average loss of each group member over a period of n period.

In conclusion, Biithlman-Straub credibility model; summarized in the form of
E(Xy1) = (1-Dp +2ZX, Z=——,0<Z <1 (Ebegil 2007)

In some cases, the value of @ gives negative results. As a result, when the premium
value is calculated, the Z credibility factor is set to zero. This means that the
credibility premium estimate given in above is based on the general average of all
insured persons, with zero weighting on their experience; In other words, the
insured's own experience is kept out of business while the premium estimate is
being calculated. If the insured's damage experience is higher than that of other
insureds, only the general average of the premium estimates will be in favor of the

other insurers, while it will be in favor of the insured.
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CHAPTER V
DATA ANALYSIS AND BUHLMANN-STRAUB MODELING

In this chapter; based on the credibility history and the Bithlmann-Straub credibility
model as described in previous chapters; the premium data will be calculated using
the actual data set for the traffic insurances and the damage modeling steps will be

shown.

5.1 MODELING AND CALCULATION OF DAMAGE AMOUNT BY
USING BUHLMANN - STRAUB MODEL

First, in 1930 being implemented in the UK and mainly traffic accidents involved
a vehicle's damage to the opposite side of the defect rate of compensation that
liability insurance is insurance group, Highways with the full name of Compulsory
Liability Insurance is implemented since 1953 in Turkey. It is prohibited by law
from the traffic of vehicles that have not been compulsory traffic insurance. It is
aimed to prevent victims who will be suffered from traffic accidents by legal

arrangements and measures made by lawmakers (Baykal et al. 2016)

Traffic insurance; is a legal type of insurance that covers the legal liability of the
car owner in accordance with the Road Traffic Law up to compulsory insurance
limits in the event of the death, injury or damage of any person during the use of

the vehicle. (GengkayaSigorta site, Sigortam.net site)

According to the Road Traffic Law, every vehicle that comes to traffic has to have
this insurance and renew it every year before it expires. Otherwise, the vehicle is
prevented from moving traffic. Traffic Insurance, is valid within the borders of the

Republic of Turkey. (GengkayaSigorta site, Sigortam.net site)

The limits on the compulsory traffic insurance vary depending on the type of
damage caused by traffic accidents. In the case of any loss of life, the amount to be
given to the relatives of the deceased is different from the amount to be paid for

hospital expenses in case of injury. In the same way, the amount to be paid differs
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only in case of material damage. In such cases, the amount to be paid varies from

year to year, and thus the premiums to be paid each year also change [Sigortam.net

site].

Due to these changes, the premium calculation period for 2018 will be reviewed
and the process of using the Biihimann-Straub model for this review will be carried

out.

We supplied the data which use for Bithimann — Straub Credibility premium
forecasting operations from TSB. 2014, 2015, 2016 and 2017 traffic insurance data

will be used to estimate the amount of damage to the 2018 traffic insurance. [TSB]

Data received from the TSB was seen as described for 15 different vehicle types
examined when the traffic insurance. These types of vehicles are as follows; and

calculations will be made on the following topics in this study.

Automobile

Taxi

Minibus (10-17 seats including driver)
Bus (18-30 seats including driver)
Bus (31 and over seat including driver)
Van

Truck

Heavy construction equipment
Tractor

Trailer

Motorcycle and Freight Motorcycle
Tanker

Towing vehicle

Special Vehicle

A L T T T L N

Agricultural Machine
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The following is an edited version of the raw data received from Turkey Insurance

Association. After the regulated data; The total values of 4 years were calculated
and the average values were calculated by using these total values. In this case, the

values shown by the charts are as follows:

v" Chart 1; Shows the amount of total damage / compensation paid to vehicle
type-based records in 2014, 2015, 2016, 2017.

v Chart 2; Table 2; In 2014, 2015, 2016, 2017 vehicle type of -based records
shows total insured / policy the number.

v" Chart 3;In2014,2015, 2016, 2017 the amount of premiums on vehicle type-
based records. ,

v" Chart4;1In 2014, 2015,2016, 2017, vehicle type-based records will be used;
dividing the total damages by the total number of vehicles.

v’ Table 5; It shows the number of files / damage opened as a result of the
damage to the vehicle type based records in 2014, 2015, 2016, 2017.

Chart 5.1: Annual Compensation / Damage Amount According to Vehicle Type

COMPENSATION (AMOUNT OF DAMAGE)

Vehicle Type .
1-Automobil
2-Taxi e ‘
| 3-Minibus (10-17 seats includin .
4-Bus (18-30 seats including dri .94;
|3-Bus (31 an i 74.845.

6-Van

1.233.943.022. 3.978.235,;:}%@

7-Truck 1.317.190.290

8-Heavy construction equipm

9-Tractor

10-Trailer

| 11-Moto

14-Special Vehicle -

15-Agricultural Machine

Tiirkiye Sigorta Birligi (https://www.tsb.org.tr/resmi-istatistikler.aspx?pageID=909, 2018)
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Chart 5.2: Annual Number of Insured / Policy Accoding to Vehicle Type

Vehicle Type
I-Automobil 7
2-Taxi \
3-Minibus (10-17 seats inclug
4-Bus (18-30 seats including
5-Bus (31 and over seat includin
6-Van
7-Truck
8-Heavy construction
9-Tractor
10-Trailer '
11-Motorcycle and Freight M
12-Tanker ! '
13-Towing vehicle
|14-Special Vehicle
15-Agricultural Machine
TOTAL .

Tiirkiye Sigorta Birligi (https://www.tsb.org.tr/resmi-istatistikler.aspx?pagelD=909, 2018)

Chart 5.3: Annual Premiums Calculated by Vehicle Weight

Vehicle Type
1-Aut bil :
2-Taxi o
|3-Minibus (10-17 seats includii

8-Heavy construction equipm
9-Tractor e
10-Trailer

13-Towing vehicle -
14-Special Vehicle
15-Agricultural Machine

10.920.592.810 34.653.034.31

4.802.337.832.  6.663.872.096 12.266.2315

Tiirkiye Sigorta Birligi (https://www.tsb.org.tr/resmi-istatistikler.aspx?pageID=909, 2018)
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Chart 5.4: Annual Average Amount of Damage Per Insured

AVERAGE DAMAGE AMOUNT FOR INSURED

AC EACH
2014 2015 2016 |

________Vehicle Type TOTAL | AVERAGE
1-Automobil )7
2-Taxi ‘
3-Minibus (10-17 seats incl
4-Bus (18-30 seats including
5-Bus (31 and over seat includi
6-Van
7-Truck
8-Heavy construction equipme
9-Tractor

10-Trailer
11-Motorcycle and Freigh
12-Tanker
13-Towing vehicle
14-Special Vehicle
15-Agricultural Machine

Tiirkiye Sigorta Birligi (https://www.tsb.org.tr/resmi-istatistikler.aspx?pagelD=909, 2018)

Chart 5.5: Annual Number of Damage /Damage File by Vehicle Type

NUMBER OF DAMAGED FILES (TOTAL

Vehicle Type

1-Autome bil
2-Taxi - ‘
3-Minibus (10-17 seats inclu
4-Bus (18-30 seats including ¢
5-Bus (31 and overs
6-Van
7-Truck .
8-Heavy construction equip!
9-Tractor ‘
10-Trailer .
11-Motorcycle and Freight Mo
12-Tanker :
13-Towing vehicle
14-Special Vehicle
15-Agricultural Machine
TOTAL :

Tiirkiye Sigorta Birligi (https://www.tsb.org.tr/resmi-istatistikler.aspx?pageID=909, 2018)

In this study we used the data of the last 4 years to model the 2018 damage amount
or the premium payment vehicle type that will be requested from the insured. For
modeling; The Bithimann-Straub credibility model will lead us. Our aim is to model
the amount of damage for 15 vehicle types; in this model we will calculate by using

the average damage amount data (Chart 5.4).
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In this context, the calculated parameter values for the Bithlmann-Straub model will

be estimated as follows.

El*-‘

X = 288,47

Z Y o=

i5 4
ZZ = 288,47
:1 =1

21151t -1

Vv =306.509.853.774.467.000.000.000,00

> my(x — 0 - d(n—1)

a=

@ = 6.671.953.336.900.620.000,00

After these calculations, the value of k is calculated.

=
I
ISTHIRN!

k= 45.940,05

Credibility factor is;
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The estimated of credibility factor (Z;) and average damage amount (X;) for 15

“vehicles (i = 1, 2, ..., 15) are shown in the table as follows;

Figure 5.1: The Premium Value Table Calculated by The Average Value

The credibility factor and the average of the damage were calculated. Finally, the
premium for each vehicle type will be calculated with the Biihlmann-Straub
credibility formula. This formula is as follows. Chart 6 shows the calculated

premium values for each vehicle type.
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Figure 5.2: Damage Amount for 2018 by Vehicle Type

| Premium of 201

Vehicle Type

Automobil
Taxi ;
Minibus (10-17 seats includi
- Bus (18-30 seats including
Bus (31 and over seat includi

Van Ce =

Truck . €2=

Heavy construction equipmen Cg=
Tractor Co = .
Trailer Cio=
Motorcycle and Freight Moto €11 =
Tanker ’ C12=
Towing vehicle S
Special Vehicle

Agricultural Machine

When the calculated damage amounts are examined, the biggest damage amounts
are determined for Bus (31 and more seats including Driver), Towing Vehicle and

Taxi respectively.

In the credibility method; As can be seen from the Biithimann-Straub formula of
credibility; the insurer's own experience value and the experience value of all
insurers affect the calculated premium value. At this point, it is important to
determine the Z factor when making a premium account. Z factor close to 0 or 0
will determine the weight of the insured experience as 0; the premium value of the
insured shall be equal to the general average p = 288.47. The calculated value will
be equal to the overall experience of the insured. Since the probability of each
insured being damaged is different; the insured who is required to pay a premium
according to the general average value will pay the premium more even though it
makes little damage and this situation will be against the insured. Otherwise; will

result in a low premium payment for someone who is excessively damaged.

Given the calculated values, the premium value for the van was calculated as
339,76. If the premium is given according to the average value, the insured will pay

288.47. In this case the insured will pay a deficit of TL 51.29. In the other case, the
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premium calculated for the automobile is 245.02. If the premium is paid according

to the average value, the insured will pay TL 288.47 and pay TL 43,45 more than

the required amount to pay.

On the other hand, the credibility factor Z, is taken as 1; is not included in the

premium account of the insured's general experience.

In both cases, determining the Z credibility factor is important for the premium
account. The establishment of a Z factor which consists of the insurer's own
experience and the combination of experiences of all insurers; allowing for the

removal of favorable or unfavorable circumstances of the insured.

Average values of the past 4 years for the above calculations is used instead of X;.
The following new independent averages are recalculated by including in the

calculations for each vehicle type.

Figure 5.3: Damage Amount for 2018 by Vehicle Type With Random Datas

212 = 0,6167
213 = 0,9490
214 = 0,7480
1215 = 0,19511874

The new values are calculated in the Bithlmann-Straub credibility formula. Chart 7

shows the calculated premium values for each vehicle type.
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Figure 5.4: New Premium Amount for 2018 by Vehicle Type

Vehicle Type Premium of :

Automobil
Taxi ‘ -
Minibus (10-17 seats includin
Bus (18-30 seats including dri
Bus (31 and over seat inclu ng di

Van : {Cg =
Truck ' Ccy7 =
Heavy construction equip Cg =
Tractor ' Cqg =
Trailer C10 =
Motorcycle and Freight Moto €11 =
Tanker : C12 =
Towing vehicle €13 =
Special Vehicle €14 =

Agricultural Machine

When the damage amounts calculated with the new data are examined, the biggest
damage amounts are determined for Bus (18 - 30 seats including driver), Bus (31

and over seat including driver) and taxi respectively.

Figure 5.5: Comparison Datas

Rand

Vehicle Type Vehicle Type
Automobil > Automobil
Taxi 4
Minibus (10-17 seats includin; i
Bus (18-30 seats including d Bus (18-30 seats including dﬁi*el:}
Bus (31 and over seat incl Bus (31 and over seat in
Van - f Van :
Truck el 2 Truck
Heavy constructi 1 equipme Heavy construction equi '
: : Tractor

Minibus (10-17 seats inclu

Trailer i
Motorcycle and Freight Mot
Tanker :

Towing vehicle
Special Vehicle
3{ Agricultural Machi )

Towing vehiclwew
Special Vehicle :
Agricultural Machine

As can be understood from these calculations; the values taken as the average

damage data per insured have a considerable effect on the premium value
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calculation. Also, as mentioned above, the calculation of the Z credibility factor and

Xi are important for the amount of premium payout.

Figure 5.6: Comparison Datas with 2017 Premium

Calculated Prem
2018 with
Average Valu

Vehicle Type

Automobil
Taxi =
|Minibus (10-17s

| Bus

Van

Truck

Heavy construction q
Tractor
Motorcyel
Tanker NRREIRAS
Towing vehicle
Special Vehicle
Agricultural Machi

When looking at the table above, premiums for automobile are 291,74 in 2017,
while the average of 2014-2017 is 244,97. The credibility premium calculated using
the averages was found to be 245,02, while the p = 288,47 versus the 2018
premium. On the other hand; 2018 premium value for automobile using random
data; was calculated as 295,75 when p = 339,76. For both cases the automobile

premium is calculated less than p value.

The premium for taxi in 2017 is 1.442,87, while the average of 2014-2017 is 996,82.
The credibility calculated using the averages was found to be 904,14, while p =
288,47 versus the 2018 premium value. On the other hand; premium value for taxi
using random data; was calculated as 1.485,56 when p = 339,76. For both cases,

the taxi premium is calculated more than the p value.

The premium for the minibus is 663,28 in 2017, while the average for 2014-2017
is 535,26. According to the credibility premium calculated using the averages; p =
288.47 while the 2018 premium value for the minibus was found to be 527,69. On

the other hand; premium value for minibus using random data; was calculated as
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699,29 when p = 339,76. For both cases, the minibiis premium is calculated more

than the p value.
Figure 5.7: Comparison Chart of Premium

Comparison of Premium
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When looking at the other values in the table; the premium values calculated by
taking the average of 4 years are smaller than the premium values calculated by the
randomly received data. For example, while the values calculated for motorcycles
and agricultural machines are below p values, premium values calculated for trucks
and tankers are above p value. In credibility premium account; the significance of
the value as calculating Z credibility factor and the size of the sample set, X, is

important.

The selection of the credibility premium will benefit the insured for some types of

vehicles; for some types of vehicles it will be at the expense of the insured.



CONCLUSION

The credibility is used to calculate weighted forecast values and the weighting is
done with the Z credibility factor. The Z value is calculated by various credibility
models; it is important to correctly determine the Z credibility factor with these

models.

The estimated value of the hypothetical mean variance can be calculated negatively
depending on the situations during the calculations. In this case it is correct to take
Z = 0 if this value is negative. When Z = 0 is taken in the credibility formula, the
premium estimate is determined only according to the general average of the
insured. In other words, the insured's own experience premium is kept out of the
forecast. At this point, if the insured's damage experience is higher than other
insureds, getting the average will be against the opposite case in favor of the
insured. This causes injustice among the insured. At this point, credibility

calculation processes become important for ensuring your name.

To achieve fair results; the variance of the risk parameter is large, and the process
variance value is small. In this case, if Z # 0, the premium calculation results will

be fair for the insured.

Using the Bithlmann-Starub credibility formula, the damage amount and premium
modeling procedures are examined and Z values are calculated to obtain fair results
for the insured. Different premium values are obtained by taking the mean values
and the random values X; by the calculated Z values and using the average damage
experience data according to the obtained data adds a positive value to the
calculations for some cases while the premium value is calculated high in some

cases as expected.
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