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Abstract

Actuarial Science is described as a mechanismdbateases the negative financial effects of
random events which becomes obstacles to actusdesonable expectations. It is important
subject to make a fair share for the same amountasfey which is paid by the people who has
the same risk. It becomes even more important @bketo provide more effective methods with
the reasonable prices on the customer retentioncastbmer relationship management in the
mutually competitive environment. In this casesiexpected to have methods which take into
account customer’s previous claim experience wiiph hpredictive powers by insurance
companies. Today, a large number of assumptionshahay be used in the classical methods of
analysis and predictions of this analysis are nfficsent. The main purpose of this study is of
great importance for sustainable customer relatiss just make up a portfolio of premium
pricing to be able to create a model that takes agtount risk factors for individuals. GLM is a
powerful methodology to evaluate the non-normabadat this reason, it is formed an effective
model that takes into account risk factors for itidividuals in the portfolio using GLM. As a
result of this analysis, it is chosen Logarithmign@na Model which gives the best results of the
analysis for the customers that forms the data Befally, risk assessment was made by
evaluating coefficient of variation, max, min anegege of the claim amounts. At the end, 0.1%
customers of the portfolio forms high risk groupghwiegard to the change in the coefficient of

variation.
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GENELLE STIiRiLM IS LINEER MODELLERE (GLM) DAYANARAK HASAR
MIiKTARLARI iCiN RiSK DEGERLENDIRME VE PRIiM FIYATLAMA

Aktlerya bilimi normal olarak gercekimesi beklenmeyen tesadifi olaylarin olumsuz yéndeki

finansal etkisini azaltmak icin bir mekanizma olkatanimlanmgtir. Ayni tiirden tehlikeyle kar
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karslya olan ksilerin, prim olarak adlandirilan belirli bir miktgrara 6demesieklinde toplanan
bu tutarin, adil birsekilde belirlenmesi sigortairketleri icin dnemli bir konudur. Karlikli
rekabet ortaminda mgteri balhiligini sa&lamak ve miéteri iliskileri yonetimi agisindan
bakildginda etkili yontemler kullanilarak adil bir primyatlama yapilmasi daha da 6nem
kazanmaktadir. Bu durumda sigosteketleri icin misterinin gegng hasar tecribelerini dikkate
alan yuksek tahmin guci olan yontemlerin kullangmaldukgca dnem gamaktadir. Gunamuzde
¢cok sayida varsayima dayanan klasik yontemler talv@ianaliz icin yeterli olmamaktadir. Bu
calismada temel amag, adil bir prim fiyatlama yapabilmeikh portféyl olgturan bireylere
iliskin risk faktorlerini dikkate alan matematiksel \satistiksel temellere dayanan bir model
olusturmaktir. GLM normal d&lmayan veri setlerinin analizinde kullanilan gugchiir
metodolojidir.Bu nedenle 6ncelikle prim fiyatlamatgmnel olgturan modeller incelenmidaha
sonra police sahiplerinin risk faktorlerini de d#tk alan etkili bir model elde etmek icin
Genellatirilmis Lineer Modeller kullanilmgtir. Yapilan analizler sonucunda en iyi sonug veren
Logaritmik Bgli Gama Model kullanilarak hasar tahminleri yapgnae veri setini olgturan
musteriler icin risk dgerlendirmesi yapilmtir. Bu analiz ile dgiskenlik katsayisi, maksimum,
minimum ve ortalama hasar miktarlarina dayanan rigerlendirmesi yapilmtir. Bu
deserlendirme sonucunda portfoyl eiuran miterilerin %0,1" lik kisminin yuksek risk

grubunu olgturdugu gorulmektedir.
Anahtar Kelimeler: Istatistik, Sigortacilik, Genelgrilmis Lineer Modeller
Jel Kodu: C31, G22

1. Introduction

Actuarial Science is a decision making mechanissetdaon mathematical and statistical basis
for insurance related activities and incidentalresethat influence the presence of people or
property for life. On the other hand insurancehis tisk transfer system to meet the loss of
people who suffered from the actual result of thalization of the claim by collecting certain
amount of money so called premium from people wdue fthe same kind of risk. The premium
can not be applied equally to all the individualsatt make up portfolio consisting of
heterogeneous different level of risks. Fair pgcis of great importance to be able to compete in
the market for the insurance companies. PricingtqRdaking, Rating), is expressed as
calculation of the premium which is paid to proeisiof insurance coverage. It is also defined as
the credit rating given to companies by the evadmatompanies. Process of determining the

credit rating is made by rating among the weakedtthe most powerful levels (Cuhaci, 2004).
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Generalized Linear Models (GLM), which is used tod®l non-normally distributed data, is a
methodology for modeling the relationship betweanables. Development of the GLM began
with the papers by Nelder and Wedderburn (1972)MGias an important role to model non-
normally distributed data sets. Beginning of the a6 GLM in actuarial work is at early 1980s.
McCullagh and Nelder (1989) have shown GLM’s amgiility to the different data sets.
Haberman and Renshaw (1996) reviewed the applicataf generalized linear models to
actuarial problems. Nelder and Verral (1997) showeel relationship between Hierarchical
Generalized Linear Models and Credibility Theoryiathis another useful tool for ratemaking.
However Credibility Theory is out of the scope bistpaper. Nelder and Verral demonstrated
that how credibility theory can be included in thiame of Hierarchical Generalized Linear
Models. GLM is more reasonable for pricing in whisbme monotone transformation of the
mean is a linear function of's while in linear models the mean is a linear tiow of the

covariatesc (Ohlsson, Johansson, 2000).
2. Generalized Linear Models

GLM theory is based on the family of exponentiadtdbution. Exponential family puts the
similar functions which are in the different mathaioal form into a single re-characterized form

as a more useful theoretical structure.

Exponential family is expressed in the form:

y6 — b(6)

W‘*‘ c(y, ¢)}

f(;0,¢) = exp{

Here, y is the dependent varialdes the interest parameter or canonical parameitpa
is called the scale parameter. It is obtained tfierdnt members of the exponential family with

specifyinga(.), b(.) andc(.) functions (Jong and Heller, 2008).
Below mean and variance functions are given regmgtfor the exponential family
(McCullagh and Nelder 1989).
u=">b'(0)
Var(Y) = b"(6)a(¢)
Normal (Gaussian), Poisson, Binomial, Beta, Multial, Dirichlet, Pareto, Gamma and Inverse
Gaussian distributions are members of the expaalefatmily (Gill, 2001). Generalized Linear

Models are very significant to analize insuranceadBecause Insurance data consists of claim

sizes, claim frequencies and occurrence of a cldenassumptions of normal model is generally
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inconvenient. Gamma and inverse gaussian modelentgeanore important for modeling

continuous data which is also called claim data.

GLM consists of three main components that is ramdtchastic) component, systematic
component and link function which links the randand systematic component. Independént
i =1,..,N variables, assumed to come from the same diswibdmily, are called as random

component. Covariateg ,j = 1, ...,p produce the systematic component of GLM wjthnear
predictor given byn =25.’=1xjﬁj . The link function provides a connection betwedbe

systematic and random component. It is indicategl byg(u). It shows linear relation between
expected value of the dependent variable ratidear predictor (McCullagh and Nelder 1989).
Maximum Likelihood Method based on the likelihoashétion is commonly used to comply
with non-normally distributed data sets for paramestimation. Wald Tests and Score Tests are
widely used to evaluate of the parameter signiftearGoodness of fit statistics, are used to
assess model fitting compares two models thatfiiebe data set. Likelihood Ratio Test forms
the basis of goodness of fit tests are widely usegdractice. Deviance, Pearson Chi-Square,
McFaddenR?, PseudoR? and Information Criteria are the other measuremeaotevaluate
model fitting (Hoffmann, 2004). Deviance is a measaf distance between the saturated and
fitted models. A large value of the deviance intbsaa badly fitting model (Jong, Heller, 2008).
Akaike Information Criterion (AIC) and Bayesian démmation Criterion (BIC) are called
Information Criteria which examine the complexity the model. Residual, which is the
difference between observed and fitted values) isngportant tool used to measure the adequacy
of the model. It is also used for determining foe hew explanatory variables or the effects of
non-linear trends in the actual covariates, idgmtif poorly fitting observations, evaluating the
impact on the individual observations and revealaotger trends such as heteroscedasticity
(Frees, 2010). Pearson Residuals, Deviance andoArse Residuals are widely used in GLM.
It is possible to examine GLM in the four major gps according to the distribution of the
dependent variable, which is continuous dependanale, integer, binomial and multinomial
models. Continuous dependent variable models donsi&Samma Models, Inverse Gaussian
Models and Linear Regression Models, which is acigpecase of GLM with normally
distributed dependent variable. Models with diserinteger values of the dependent variable
are the Poisson and Negative Binomial Models. Exesnpf the application of these models is
the use of examining the effect of explanatoryatalgs on the number of claims such as vehicle
type, color, engine capacity in general and acc¢idesurance or the examination of the number

of accidents can be held in a city. Binomial andlitMamial Models include the models which

368



Dumlupinar Universitesi Sosyal Bilimler Dergisi EX013 Ozel Sayisi

dependent variable is discrete, proportional anegmaical. These models are analyzed in

logistic regression analysis.

Gamma model is used for situations where dependerdble is only zero and positive values.
However, it is used for situations where the depahgariable is continuous; it can be applied to

the discrete data sets which has a lot of integkres.

3. Research Methodology

In this study, it is intended to achieve a stat@timodel that is taking into account the risk
factors for each insured vehicle to provide faiicipg policies for fleets using Generalized
Linear Models. The model is based on the knowledfy¢he 20,664 policyholders in 2009

created to estimate the damage using Generalizezhi Models.

In this study analysis was performed using thedistical software package

3.1 The variables:

It is attached a detailed description of the vdeishn Table 1 for used data. "CIAmnt" variable

shown in Table 1 used as the dependent varialiteeianalyzes.

Tablel: Explanations Related the Analysis of Variales

Variable Code

Description

CIAmnt Claim Amount
VehUse Vehicle Usage
Mdlyr Model Year
CylindVol Cylinder Volume
MotPow Motor Power
FIType Fuel Type
VehType Vehicle Type
CylindNum Cylinder Number
VehWeight Vehicle Weight
AxIsWeight Axles Weight
VehLth Vehicle Length

" Ris a free software
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Dependent variable “CIAmMnt” refers to claim amodiot each policyholder. Figurel displays
distribution of Claim Amount. Distribution of thel&@m Amount appears in left panel and
distribution of the log claim amount appears irhtiganel. It is observed that distribution of the

logarithm of the claim amount is approximately natm

Figurel: Distribution Graph of Claim Amount
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Vehicle Type: There are 19 different vehicle type in data setesehare CAB(0,1%),
CKK(0,4%), CKP(0,1%), CKU(2,4%), CPE(0,1%), CVA(%% DSA(0,3%), EYP(0,3%),
HBA(18,3%), KAM(1%), MIN(1,9%), PAN(20,9%), PCK((%), ROA(0,0%), SED(38,3%),
STV(9,6%), YCA(0,8%), YPV(0,8%) and OTHER(0,0%) E[3 type vehicles form 38% of all

data set. However, STW type vehicles have the ggeataim amount.

Vehicle Usage: There are 9 different vehicle usage in data séies&€ are BUS(1,1%),
CAB(0,4%), FUNERAL CAR(0,0%), MINIBUS(1,7%), PRIVAE CAR(34,1%), RENTED
CAR(31,4%), RESQUER(0,2%), SMALL TRUCK (30,8%) andTRANSPORT
VEHICLE(0,3%). PRIVATE CARs form approximately 3486 all data set and has the highest

claim amount.

Model Year: Vehicles in the data set before and after the 2687 have been categorized into
two groups. Accordingly, for the year 2007 andrdatehicles constitute nearly 69% of the data

set and has the greatest claim amount.

Fuel Type: Vehicles in the data set have been categorizediwa groups according to the fuel
type. Accordingly, nearly 82% of vehicles in altaaet are used diesel fuel.

Cylinder Volume: Vehicles are examined in three categories accortbnthe volumes of
cylinders, which are the range from 0 to 1507 from 1500 to 2500 fhand from 2500 to 6000
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m®. Accordingly, 59% of vehicles in the data set begween 0 to 1500 In However, the
vehicles which cylinder volume is in the range 56@2-6000 mhave the highest claim amount.

Motor Power: Vehicles are examined in four categories accorthnipe engine powers, which
are the range from 0 to 100, from 100 to 200, f&98 to 300 and from 300 to 400 horsepower.

Accordingly, nearly 63% of vehicles in the datals®¢e horsepower between 0 and 100.

Cylinder Number: Vehicles are evaluated in three categories accgrtbhnthe numbers of
cylinders, which are the range from 0 to 4, frono Y and from 8 to 12. Approximately 96% of
vehicles have “0-4” cylinder. However, the vehickgsich the number of cylinder is in the range

of 5-7have the highest claim amount.

Vehicle Weight: Vehicles are examined in four categories accordmghe vehicle weight,
which are the range from 0 to 1000, from 1000 t6@®Grom 2000 to 3000 and from 3000 to
5000. Nearly 70% of vehicles are in the range di0tR000. However, the vehicles which the

vehicle weight is in the range of 2000-30GWe the highest claim amount.

Axles Weight: Vehicles are evaluated in three categories aaegrili the axles weight, which
are the range from 0 to 2500, from 2500 to 3500feomd 3500 to 5000. Approximately 68% of

vehicles are in the range of 2500-3500 and havaitjfeest claim amount.

Vehicle Lenght: Vehicles are examined in three categories accgrtinthe vehicle lenght,
which are the range from 0 to 4500, from 4500 t6(b&nd from 5500 to 7500. Approximately
71% of vehicles are in the range of 0-4500. Howetrer vehicles which the number of cylinder

is in the range of 4500-550@ve the highest claim amount.

4. Computer Results and Discussions

Non-normally distributed data sets do not provide assumptions of normal linear models.
GLM provide an important extention for normal lineaodels to be able to model non-normally
distributed data sets. Figure 1 shows the claimwmsoconcentrate on positive values close to

zero. This indicates that dependent variable cknmount is eligible to gamma distribution.

Figure 2 displays QQ Plot Gamma distribution
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Figure2: Q-Q Plot Gamma distribution
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First model includes all variables in data set,chare dependent variable claim amount and
covariates Vehicle Usage, Vehicle Type, Model Ydarel Type, Cylinder Volume, Cylinder
Number, Vehicle Weight, Axles Weight, Vehicle LenghAs a result of analysis, Model Year
and Vehicle Lenght affect claim amount at 1% sigaiice level. Vehicle Type, Motor Power
and Axles Weight affect claim amount at 5% sigmifice level. AIC value which is used to
compare different models is 333,504 and anothacabor of the goodness of fit is the deviation
appears 39,427 for Modell. In order to improve Mbdé is formed another model which is
called Model2 with the covariates in different canations. As a result of this analysis, Vehicle
Type, Model Year and Axles Weight affect claim ambat 5%, Motor Power and Vehicle
Weight affect claim amount at 1% significance lewgIC value is 333,659 and deviance is
39,704 for Model2. Another approach is that categbwvariables which has the great number
of levels is considered as a continuous variabkhide Usage with 9 categories and Vehicle
Type with 19 categories were considered as continuledependent variables in Model3. AIC
value is 333,829 and deviation is 40,000 for ModelBigurel demonstrate that dependent
variable is skewed to the right, which refers tar@sa and also Inverse Gaussian distribution.
As an alternative, it has been tested Inverse Gausddodel so called Model4. Link function is

chosen as:—z. AIC value is 353,314 and deviance is 287,13.
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It is given comparison table in Figure3 which regergts four models comparatively. The

values significant at 5% are shown in bold at #i®d. Figure3 is attached below.

Mathematical expression of Modell used for prediias follows;
y~G(wv)

Inu = 8,5584 — 1,8407x,7; — 1,1988xy75 — 1,3240xy73 — 1,5565xy74 — 3,0376Xy 75
—1,3640xy76 — 1,9534xy17 — 1,4484x,74 — 1,6507x,79 — 1,8365xy710
—1,6057xy711 — 1,9637x,712 — 1,6820xy715 — 1,4955xy714 — 1,5032% 715
—1,4992xy716 — 1,6743%,717 + 0,0956X4y1 + 0,2056x¢1 + 1,1274%y0,

+ 0,622,303 — 0,1086xp4, + 0,2256X 44
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Modell Model2 Model3 Model4
Gamma Distr. Gamma Distr. Gamma Disfr.  Inv. GaDsstr.
Link Fonk: Log| Link Fonk: Log | Link Fonk: Log| Link Fonk: 142
Est. tval.| Est. t val. Est. tval. Est. t val.
(Intercept) 8,5584 16,28| 8,5168 18,10 7,2131 39,62 0,0000 3,95
VehUseCAB 0,1229 0,43
VehUseFUN.CAR -1,6362 -1,2
VehUseMINIBUS -0,3013 -1,69
VehUsePRVATECAR| -0,1088 -0,56
VehUseRENTEDCAR -0,3497 -1,82
VehUseRESQUER -0,1560-0,41
VehUseSMLLTRUCK| -0,2153 -1,16
VehUseTRNS.VHICL 0,2623 0,84
VehTypeCKK -1,8407 -3,59|-1,7579 -3,42
VehTypeCKP -0,8461 -1,36| -0,7365 -1,18
VehTypeCKU -1,1988 -2,51| -1,0743 -2,25
VehTypeCPE -1,3240 -2,26| -1,2664 -2,13
VehTypeCVA -1,5565 -3,29] -1,5647 -3,30
VehTypeDIGER -3,0376 -2,13| -3,0476 -2,11
VehTypeDSA -1,3640 -2,54( -1,3006 -2,41
VehTypeEYP -1,9534 -3,64| -1,9177 -3,56
VehTypeHBA -1,4484 -3,12| -1,5156 -3,22
VehTypeKAM -1,6507 -3,38]-1,5152 -3,11
VehTypeMIN -1,8365 -3,69|-1,7180 -3,56
VehTypePAN -1,6057 -3,43| -1,6088 -3,42
VehTypePCK -1,9637 -3,32| -1,9256 -3,24
VehTypeROA -1,6820 -2,06| -1,7320 -2,09
VehTypeSED -1,4955 -3,22| -1,4425 -3,07
VehTypeSTW -1,5032 -3,23| -1,4634 -3,10
VehTypeYCA -1,4992 -3,05|-1,4904 -3,02
VehTypeYPV -1,6743 -3,38/ -1,5218 -3,06
MdIYr>=2007 0,0956 3,07| 0,0824 2,76 0,0829 2,66
CylindVol1500-2500 -0,0813 -1,8 0,0874 2,29
CylindVol2500-6000 0,2001 1,59 0,6832 6,06
MotPow100-200 0,2056 4,49| 0,2427 6,77 0,0000-10,25
MotPow200-300 1,1274 7,46 1,5901 15,75 0,0000-25,19
MotPow300-500 0,6276 2,35/ 1,0632 4,42 0,0000-11,33
FITypeOIL -0,0485 -1,21 0,0071 0,18
VehWeight1000-2000 0,1982 1,31 0,2875 1,85/ 0,0000 -1,39
VehWeight2000-3000 0,2245 1,39 0,3393 2,11 0,0000 -1,79
VehWeight3000-5000 0,0420 0,24 0,0987 0,56/ 0,0000 -1,31
AxIsWeight2500-3500 -0,1086 -2,80( -0,0762 -2,05 | -0,0952 -2,57 0,0000 4,19
AxIsWeight3500-4500 0,0590 0,22]| -0,0449 -0,49 0,5608 2,04 0,0000 2,75
VehlLth4500-5500 0,2256 5,07 0,2994 7,17
VehLth5500-7500 0,1230 0,43 -0,5236 -1,89
CylindNum5-7 0,3078 3,05
CylindNum8-12 0,6805 3,02
VehUsel -0,0536 -4,63
VehTypel -0,0122 -2,67
AIC 333.504 333.659 333.829 353.314
Deviance 39.427 39.704 40.000 287,13
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The estimation results obtained using Model 1 figr year 2009 includes each policy in data set.
These estimates are evaluated in customer basethdtipivot analysis. Figure4 represents a
section of this analysis. There is prediction ahsof claim amounts for 2010 based on the data
obtained the analysis of 2009 claim amounts udgglogarithmic model. In this table, it is
calculated standard deviation, variation of coedfit, minimum, maximum and average values
for 2007, 2008, 2009 and 2010. Risks are groupetthrize categories which are low-risk (1),
moderate risk (2) and high risk (3). In this foways period, minimum of the claim amounts is
called low-risk, maximum of the claim amounts ied high risk(3) and other values which are
between minimum and maximum are called moderatg2)s In addition, "Risk Change"
column shows if there is an increase or decreas#gaim amounts from 2009 to 2010. "Risk
Change%" column shows the percent change in tmsitian from 2009 to 2010. Minimum,
maximum, median, first quartile and third quartildues of claim amounts appear in Figure5 for
four years.

Figure3: Claim Assessment Chart for 2007-2010 years
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Claim Amounts appear for 2007, 2008, 2009 and 2@%pectively in Figure5. Claim Amounts
did not show significant difference for smaller wa$ than 20,000 while large claim amounts
over 20,000 has been increasing passing by the2gddy from 2007. This is the cause of large
claim amounts over the 20,000 result from the za#ibn of claim amounts due to accidents
resulting in death.
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Table3: Section of the Analysis of Claim Amounts

Claim Amounts Standard Coefficient of ~ Minimum Average  Maximum  Claim Groups by years  Total Risk Risk
o e X Claim Claim Claim o ‘o
2007 2008 2009 2010 Deviation Variation Claim Amounts Amounts  Amounts 2007 2008 2009 2010 Amounts Variation Variation %
96.294 3.384 1.675 5.035 40.257,1 1,51 1.675,0 26.597,1 96.294 3 2 1 2 101.353 1 2,01
37.326 1.056 2.767 2.648 15.243,5 1,39 1.056,0 10.949,3 37.326 3 1 2 2 41.149 0 -0,04
6.187 45.295 1.305 1.277 18.456,2 1,37 1.277,1 13.516,0 45.295 2 3 2 1 52.787 -1 -0,02
2.039 7.645 45.964 1.789 18.396,7 1,28 1.788,6 14.359,2 45.964 2 2 3 1 55.648 -2 -0,96
1.530 1.860 27.708 3.386 11.042,1 1,28 1.530,0 8.621,0 27.708 1 2 3 2 31.098 -1 -0,88
2.203 1.239 59.980 12.289 24.093,4 1,27 1.239,0 18.927,8 59.980 2 1 3 2 63.422 -1 -0,80
17.312 1.604 1.812 1.269 6.822,8 1,24 1.269,2 5.499,3 17.312 3 2 2 1 20.728 -1 -0,30
1.658 28.871 5.082 1.315 11.434,2 1,24 1.314,7 9.231,4 28.871 2 3 2 1 35.611 -1 -0,74
12.871 3.069 73.716 5.377 29.069,9 1,22 3.069,0 23.758,2 73.716 2 1 3 2 89.656 -1 -0,93
54537 11.709 2.899 3.220 21.336,4 1,18 2.899,0 18.091,3 54.537 3 2 1 2 69.145 1 0,11
5.650 1.239 56.089 13.805 21.772,2 1,13 1.239,0 19.195,7 56.089 2 1 3 2 62.978 -1 -0,75
1.099 2.482 48.825 17.962 19.209,2 1,09 1.099,0 17.592,0 48.825 1 2 3 2 52.406 -1 -0,63
31.931 2501 5.924 4.238 12.059,7 1,08 2.501,0 11.148,5 31.931 3 1 2 2 40.356 0 -0,28
4.818 1.601 25.289 3.698 9.560,2 1,08 1.601,0 8.851,4 25.289 2 1 3 2 31.708 -1 -0,85
56.493 3.827 3.712 16.324 21.633,8 1,08 3.712,0 20.089,1 56.493 3 2 1 2 64.032 1 3,40
2.611 9.254 31.739 1.592 12.162,2 1,08 1.592,3 11.299,1 31.739 2 2 3 1 43.604 -2 -0,95
64.673 4.528 8.216 13.405 24.434,2 1,08 4.528,0 22.705,6 64.673 3 1 2 2 77.417 0 0,63
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Table4: Risk Assessment by Coefficient of Variation

Coefficient of 2009 Total Claim 2010 Total Claim 2010 Claim Number of Customer
Average Variation Amounts Amounts Percentages for 2010 Claims
Low 0-0.5 5.626.894 5.573.156 48,5% 370
Medium 0.5-1 5.088.441 4.583.15 48,0% 366
Medium High 1-15 526.274 160.822 3,4% 26
High >1.5 1.675 5.035 0,1% 1
General Total 11.243.284 10.322.168 100,0% 763

Table 4 shows the variation in the claim amountsoeding to the coefficients of variation.

Accordingly, the coefficient of variation is betwe® and 0.5 for 48.5% of claim amounts and

the coefficient of variation is between 0.5 andot 48% of claim amounts in 2010. For this

reason, 96.5% of customers in the portfolio assesselow and moderate risk. On the other

hand, 3.4% of customer’s variability ranged frorto11.5 while 0.1% of customers variability is

over the 1.5. For this reason, customers are ¢allinthis range should be carefully considered

by the insurance company.

Table5: Risk Assessment Table

Coefficient of Variety

Variation -2 -1 0 1 2 | Total
0-0,5 29% 156% 9,2% 183% 2,5%| 48,5%
0,5-1 1,0% 19,4% 89% 17,4% 1,2%| 48,0%
1-1,5 0,3% 1,7% 0,7% 0,8% 0,0% 3,4%
1,5-2 0,0 0,0% 00% 01% 0,0% 0,1%
Total 4,2% 36,7% 18,7% 36,7% 3,7%

Table5 demonstrate the distribution of customershieychanges in the coefficients of variation

and claim amounts. Variety numbers shows the chgngainges according to min, max and

average of the claim amounts. The customers withelaariety in the coefficient of variation

can accept as high risk group. While pricing inegea companies pay attention to these

customers.
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5. Conclusion and Comments

The main purpose of this study is of great imparéafor sustainable customer relationships, just
make up a portfolio of premium pricing to be aldecteate a model that takes into account risk
factors for individuals. GLM is a powerful methodgy to evaluate the non-normal data. In this
reason, it is formed an effective model that takés account risk factors for the individuals in
the portfolio using GLM. As a result of this anadysit is chosen Logarithmic Gamma Model
which gives the best results of the analysis ferahstomers that forms the data set. Finally, risk
assessment was made by evaluating coefficientradtian, variety according to ranges of claim
amounts, max, min and average of the claim amouttshe end, 0.1% customers of the
portfolio forms high risk group with regard to tlkbange in the coefficient of variation. This
analysis can expand in future with expanded dataiseg Generalized Linear Mixed Models
taking into account the random and fixed effects.
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