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Abstract

Car insurance is included in the general insurance category. Determination of general insurance premiums can be done through
various approaches, one of which is the Bayes method used in this study. The Poisson distribution is chosen to model the
frequency of claims, while the Exponential distribution is used to model the amount of claims. Insurance premiums are calculated
by multiplying the expected frequency of claims by the expected amount of claims. Based on the results of the analysis of car
insurance data using the Bayes method, it was found that the highest premium rates were for Mercedes brand vehicles, while the
lowest rates were for Saab brand vehicles. The results of this calculation can be used by insurance companies as a reference in
managing car insurance reserve funds.
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1. Introduction

Insurance is an agreement in which the insurer commits to the insured party, by receiving premium payments, to
provide compensation for losses, damages, or loss of profits that may occur due to unforeseen events. This definition
is contained in the Commercial Law Code (KUHD) of the Republic of Indonesia, Chapter 9 Article 246. Insurance is
divided into two main categories, namely life insurance and general insurance. Life insurance aims to protect against
financial losses arising from the death or life of an insured person. Meanwhile, general insurance provides protection
against financial losses that occur due to damage or loss of assets. One form of general insurance is car insurance.

Car insurance is an increasingly important financial protection instrument, especially in developed countries like
America, where vehicle ownership rates continue to increase every year. In 2023, car insurance in the United States
will experience significant changes in terms of market dynamics and insurance premium prices. The car insurance
industry in America continues to experience increasing pressure due to various factors, including inflation,
technological developments, changes in consumer behavior, and increasing risks associated with traffic conditions and
vehicle use. One of the main factors affecting the car insurance industry is the increasing number of claims, both in
terms of frequency and amount of claims, which directly contributes to increasing premium costs.

In 2023, car insurance premiums in the United States will increase by an average of 8-10%, higher than in previous
years. This increase is largely driven by the surge in vehicle repair costs, which have increased by more than 15%
since 2022. Higher repair costs are driven by rising prices for parts and labor, as well as the increasing complexity of
technology used in modern vehicles, such as sensors and automated driving systems that require specialized
equipment and higher skills to repair. In addition, the number of insurance claims has also increased, causing
insurance companies to raise premiums.

According to data from the Insurance Information Institute (I11) and the National Association of Insurance
Commissioners (NAIC), nearly 87% of vehicle owners in the United States have auto insurance policies. This reflects
the high level of consumer awareness of the importance of insurance protection. Other factors that contribute to the
increase in premiums include the increasing number of claims, damage due to natural disasters, and risk-based rate
adjustments that are increasingly tailored to the individual profile of the policyholder, such as driving history, age, and
geographic location.
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To calculate the insurance premium price, there are several methods that can be used. In this study, the method used
is the Bayes method, because this method allows the use of existing information to reduce estimation errors. The
Poisson distribution is used to model how often insurance claims occur, while the Exponential distribution is used to
model the size of the claim. The insurance premium is calculated by multiplying the estimated frequency of claims by
the estimated size of the claim.

The compilation of the state of the art of this research topic was carried out by searching for articles related to
vehicle insurance premiums for risks based on frequency and claim size. The articles were sourced from the Scopus
and Science Direct databases. The article search was carried out using the keywords "Insurance”, "Risk", "Premium",
"frequency" and "claim" in 2021-2024. The data obtained from the database is in the form of meta data stored in RIS
format.

Table 1: State Of The Art

Writer Frequency Using the Using the Using Gamma Using Using claim
and size of  Bayes method Poisson distribution exponential data
claims distribution distribution
Boylan et al., YES NO YES YES NO NO
Zhang et al., YES YES YES NO NO YES
McDonnell et al., YES YES YES YES YES YES
Shahroodi et al., YES NO YES YES NO YES
Kester, YES NO NO NO NO NO
Purwandari et al., YES NO YES YES YES NO
Boucher & Turcotte, YES NO YES NO NO YES
leosanurak et al., YES NO YES YES NO YES
Xie & Shi, YES NO NO NO NO YES
Nobanee et al., YES NO YES NO NO NO
Wilson et al., YES YES YES NO YES YES
Jacob & Wu, YES NO NO YES NO YES
Safari-Katesari & YES NO NO NO NO YES
Zaroudi,
Reiff et al., YES NO YES NO NO YES

This study focuses on modeling car insurance premiums using a dataset obtained from Mendeley Data, which
includes insurance claim records from various providers for several types of products, such as vehicle, property, and
personal injury insurance. Based on the results of the state of the art study, various methods have been applied in
insurance premium modeling, such as the Bayes method, Poisson distribution, and Gamma distribution, each of which
has its own advantages in modeling the frequency and magnitude of claims.

The state of the art review shows that most studies use the Poisson distribution to model the claim frequency, and
the Exponential or Gamma distribution to model the claim magnitude. Some authors such as Zhang et al. and
McDonnell et al. also combine the Bayes method to improve the accuracy of premium estimation. Based on these
results, this study will implement all the approaches identified in the state of the art table, including the Bayes method,
Poisson distribution, and Gamma distribution, by utilizing the available claim data.

By using this approach, it is expected that through this modeling, insurance companies can determine more
accurate premiums and in accordance with the risk profile of each customer. In addition, this model can also help
reduce the risk of financial losses that companies may face due to unexpected claims. This study aims to contribute to
the development of better premium determination methods, not only for vehicle insurance in Indonesia, but also for
other insurance products.

2. Literatur Review
2.1. Insurance Claims

An insurance claim is a formal request from a policyholder to an insurance company for payment or benefits based
on the terms and conditions of the insurance contract. Claims are usually filed after an incident that causes a loss, such

as a car accident, vehicle theft, or vehicle damage.

According to Chen et al. (2020), the frequency of insurance claims is influenced by various external and internal
factors. External factors can include road conditions, weather, and accident rates in an area. For example, drivers who
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frequently drive in areas with high accident risks or on damaged roads tend to file claims more often. On the other
hand, internal factors such as driver behavior also play an important role. Drivers who are aggressive, careless, or
frequently violate traffic rules have a higher risk of having accidents, which ultimately increases the frequency of
claims.

Insurance claims not only help companies in setting premiums, but also in managing their reserve funds. By
predicting the size of claims that may occur, insurance companies can prepare funds to face potential losses, so that
they can still meet their obligations to policyholders in the future.

2.2. Premium Pricing Determination

Premium is an amount of money that must be paid by the policyholder to the insurance company in return for the
protection provided in the insurance policy. Determining the premium price is one of the important components in the
insurance industry because premiums are the main source of income for insurance companies. In setting premiums,
companies must balance the need to make a profit with the need to provide adequate protection for policyholders
(Diba et al., 2017).

Premium pricing depends on two main aspects:

- The claim amount is the amount of compensation or payment that must be issued by the insurance company
to cover the losses experienced by the policyholder. The claim amount varies greatly depending on the type of
insurance, the type of claim, and the nature of the loss that occurs. For example, in vehicle insurance, the
claim amount can vary from minor damage to total loss due to a major accident.

- While claim frequency refers to how often the policyholder files a claim in a certain period. This claim
frequency is very important in determining the premium because the more often the claim is filed, the higher
the risk for the insurance company, which means the premium must also be adjusted.

To calculate the premium, data on the claim size and claim frequency are modeled in the form of a certain
probability distribution. This is important because claims do not occur regularly and are often random, so a statistical
approach is needed to predict the possibility of future claims. The premium rate is usually calculated by multiplying
the expected claim size (the average of the total predicted loss) by the expected claim frequency (the number of
claims expected to be filed). With this approach, insurance companies can anticipate possible losses and set premiums
accordingly.

2.3. Premium Price Determination Using the Bayes Method

One approach that is often used to determine premium rates is the Bayes method. This method is very useful in
situations where insurance companies have prior information about claims and want to update their knowledge based
on new data received from claims that have occurred. The Bayes method allows the incorporation of this information
into posterior information, which is then used to estimate more accurate premiums.

The first step in applying the Bayes method is to determine the prior distribution, which is the initial probability
distribution of the parameters to be estimated. In the context of insurance claims, these parameters could be the
frequency of claims and the size of claims. This prior distribution is then updated using the observed claims data
through the likelihood function.

The distribution often used to model claim frequency is the Poisson distribution, because claims usually occur in
random time intervals and the number of claims filed in one period is discrete. Meanwhile, to model the size of the
claim, the Exponential distribution is used, which is suitable for describing the time or amount of loss that is random
and continuous.

Once the prior and likelihood distributions are combined, the result is a posterior distribution, which provides a
better estimate of the frequency of claims and the size of claims based on the data at hand. For example, if a company
has information that the average number of claims in the past five years has been 10 per year, they can use this data to
update their predictions about future claims.

The main advantage of the Bayesian method is its ability to continually update estimates based on new data. This
means that as more claims come in, insurance companies can adjust their predictions and set premiums that are more
in line with actual conditions.
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3. Materials and Methods

3.1. Materials

This study uses a dataset taken from Mendeley Data. This dataset includes a complete collection of insurance claim
records from various insurance providers covering several types of insurance products, such as vehicle insurance,
property, and personal injury. The dataset was prepared through a data cleaning and processing process using
Microsoft Excel software, which involved removing duplicate data, filling in missing data, and normalizing data
formats to ensure consistency. Furthermore, the data was classified according to 14 different car brands, namely,
Volkswagen, Toyota, Suburu, Nissan, Saab, Mercedes, Jeep, Honda, Ford, Dodge, Chevrolet, BMW, Accura, and
Audi.

Table 2: Summary of insurance data according to car brand

Brand Many police Number of Average claim Large number
claims frequency (x) of claims
Volkswagen 68 19 0.279412 3458130
Toyota 70 13 0.185714 3256660
Subur 80 19 0.2375 4298410
Nissan 78 14 0.179487 4020530
Saab 80 18 0.225 4115630
Mercedes 65 22 0.338462 3404190
Jeep 67 11 0.164179 3457790
Honda 55 14 0.254545 2844320
Ford 72 22 0.30556 4073050
Dodge 80 20 0.25 4475550
Chevrolet 76 21 0.276315 4008740
BMW 72 20 0.277778 4025180
Accuracy 68 13 0.191176 3571280
Audi 69 21 0.304348 3752480

3.2. Methods

The Bayes method is applied in this study to calculate car insurance premiums based on the distribution of claim
frequency and claim size. The claim frequency is modeled using the Poisson distribution, with prior parameters that
follow the Gamma distribution. This is done to adjust the claim frequency with existing historical claim data.
Meanwhile, the claim size is modeled using the Exponential distribution with prior parameters that also follow the
Gamma distribution.

The prior and parameters for the Gamma distribution are determined based on historical data on claim frequencies,
using the mean and variance of the data. Parameter determination can be done using the following formula,afa

_ (J?X(l—f) ) 1)
a=xXxX|———-1

SZ
Where is the average of the claim frequencies from is its variance. The estimator for the parameter is calculated by

the maximum likelihood estimation method using the forrnula,fszﬁ
X (1—x 2
,3—— (l—x_)x<—(sz )—1> ( )

Table 3 shows the best prior values for the claim frequency variable based on each of the studied car brands:

Table 3: Best priors for claim frequency variables

Brand a B

Volkswagen 1,067 2,753
Toyota 1,008 4,418
Subur 1,041 3,343

Nissan 1,008 4,608
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Saab 1,033 3,559
Mercedes 1,127 2,203
Jeep 0.996 5,075
Honda 1,086 3,183
Ford 1,134 2,578
Dodge 1,051 3,151
Chevrolet 1,069 2,800
BMW 1,068 2,778
Accuracy 1,009 4,269
Audi 1,092 2,496

For the claim amount, the parameter presents the average or mean claim amount for each car brand. This value can
be calculated using the average formula of all total claims that occur for the car brand. Parameter determination can be
done using the following formula,uu

1 n
u= —Z X
n

i=1
For the variable presenting the large variance of claims, which measures how much the spread or deviation from
the average value of the claim for the brand is. Parameter determination can be done with the following formula,vv

n
_1 ( 2
U_EZ X; —u)
i=1

With this approach, the model can reflect the claim pattern more accurately, which is then used in the premium
calculation. Table 4 below shows the best prior values for the claim size variable for each car brand:

Table 4: Best priors for large claim variables

Brand u v

Volkswagen 50854.85 708978288
Toyota 46523.71 754362678
Subur 53730.12 580663441
Nissan 51545.26 573381007
Saab 51445.38 648140323
Mercedes 52372.15 796362942
Jeep 51608.80 760375983
Honda 51714.91 720004977
Ford 56570.14 672569269
Dodge 55944.37 683495100
Chevrolet 52746.58 811867572
BMW 55905.28 705647752
Accuracy 52518.82 670132646
Audi 54383.77 760053012

3.2.1Claim Frequency Expectations

If the claim frequency is denoted by X, then

X;| O~Poisson(0)iid ; i =1,2,..,n 3)
Sample information in the form of a likelihood function is denoted by . The likelihood function of X is,x = f(x|6)
92?:1xie_n9
f(x16) = ——— (4)
i=1%i

While the prior information is in the form of a prior distribution for the parameter (1. The prior distribution used

isO~Gammal(a, B).
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: ﬁaea—le—ﬁe (5)
10 =

Next, the posterior distribution will be searched using the Box Tiao method.f (x|8)
f(O1x) o« f(x|6)f(0) x §Lizi¥ig=n0ga=1g=F0 = ga+iixi~1g=(F+m)0 (6)
The above equation approximates the probability density function form of the Gamma distribution with

parameters(a + Y-, x;, B + n).

O|x~Gamma (a + Zn lxi B+ n) O
i=
3.2.2 Big Claim Expectations
If the claim amount is denoted by [J, then
Y| A~Exp(A)iid ; i =1,2,..,n (8)
Sample information in the form of a likelihood function is denoted by . The likelihood function of [ isf(y|6)
flA) = Ame Ty ©)
While the prior information is in the form of a prior distribution for the parameter (1. The prior distribution used
isA~Gamma(u, v).
) = pU U1 =2V (10)
I'(u)

Next, the posterior distribution of [1([7|(7) will be searched using the Box Tiao method.

f(/lly) o f(yll)f(l) o Ane—/lz?zlyi AUl Av — quin-1l,-v — Au+n—1e—(v+2?=1yi )/1 (11)
The above equation approximates the probability density function form of the Gamma distribution with
parameters(u + n,v + Xl Vi ).

n
Aly~Gamma (u +nv+ Z yi) (12)
i=1

The following table shows premium rates based on expected claim frequency and size:

Table 5: Premium rates based on car brand

Brand Claim Big Claim Premium
Frequency

Volkswagen 0.2836 715,494 202914,098
Toyota 0.1882 615,666 115868,341
Subur 0.2405 921,855 221706,128
Nissan 0.1817 895,809 162768,495
Saab 0.2278 79,148 18029,9144
Mercedes 0.3441 656.108 225766,763
Jeep 0.1665 677,049 112728,659
Honda 0.2593 71,619 18570,8067
Ford 0.3102 83,711 25967,1522
Dodge 0.2532 81,343 20596,0476
Chevrolet 0.2801 647,434 181346,263
BMW 0.2817 788,776 222198,199
Accuracy 0.1938 780,563 151273,109
Audi 0.3089 81,291 25110,789

Based on Table 5, it can be seen that the lowest premium is 18029 USD (Saab) and the highest premium is 18029
USD (Saab).225766 USD (Mercedes). This result is consistent with historical data for both brands. The Saab brand
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has the smallest claim size compared to other brands, while the Mercedes brand has the highest claim frequency
compared to other brands.

4. Result and Discussion
4.1. Result

Based on calculations using the Bayesian method with Poisson and Exponential distributions, it was found that the highest
premiums are for Mercedes-brand vehicles, while the lowest premiums are for Saab-brand vehicles. This result is due to the
higher claim frequency associated with Mercedes vehicles and relatively lower claim amounts for Saab. Using a dataset that
includes 14 different car brands, the calculations show a significant variation in premiums across brands, influenced by each
brand's claim frequency and claim size.

The premium calculation results indicate that the Bayesian method, utilizing the Poisson distribution for claim frequency and
the Exponential distribution for claim size, can generate more accurate and relevant premium estimates aligned with the risk
profile of each car brand.

4.2 Discussion

The results of this study indicate that the Bayesian method is an effective approach for determining motor vehicle insurance
premiums, as it allows for the integration of historical information (prior) with current claim data (likelihood). This combination
produces a posterior distribution that provides better estimates for claim frequency and size than conventional methods that do not
consider data updates.

The choice of Poisson and Exponential distributions to model claims aligns with the discrete nature of claim frequency and the
continuous nature of claim amounts, typical of insurance data. Additionally, the findings show that certain car brands with higher
claim risks have higher premiums, supporting the insurance principle of allocating premium costs based on risk profile.

This study can serve as a reference for insurance companies in setting fairer and more accurate premium rates and aid in
managing insurance reserve funds.

5. Conclusion

The Bayes method can be used to calculate motor vehicle insurance premiums by finding the posterior distribution
of claim frequency and claim size. The premium is calculated by multiplying the expected claim frequency by the
expected claim size obtained from the posterior distribution. Choosing the right prior is essential in the Bayes method
to obtain optimal results.

Based on data analysis, the results showed that the lowest car insurance premium was for the Saab brand and the
highest premium was for the Hyundai brand.Mercedes.The results of this premium calculation can be used as a
consideration by insurance companies in managing vehicle insurance reserve funds.
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