
Proceedings of the International Conference on Industrial Engineering and Operations Management 

Detroit, Michigan, USA, August 10 - 14, 2020 

© IEOM Society International 

Model for Determining Natural Disaster Insurance 

Premiums in Indonesia Using the Black Scholes Method 
 

Kalfin 
Doctor Program of Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, Indonesia 

kalfin17001@mail.unpad.ac.id 

 

Sukono, Sudradjat Supian 
Department of Mathematics, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, Indonesia 

sukono@unpad.ac.id; sudradjat@unpad.ac.id 

 

Mustafa Mamat 
Faculty of Informatics and Computing, Universiti Sultan Zainal Abidin, Kuala Terengganu, Malaysia 

must@unisza.edu.my 

 

Abdul Talib Bon 
Department of Production and Operations, University Tun Hussein Onn Malaysia, Malaysia 

talibon@gmail.com  
 

 

Abstract 
 

Indonesia is located on the ring of fire and the meeting of 3 large tectonic plates, namely the Indo-Australian 

plate, Eurasian plate and the Pacific plate. Indonesia is often referred to as the Ring of Fire so that many 

natural disasters, especially earthquakes, volcanic eruptions, tsunamis and landslides. As a result of this 

natural disaster clearly gives a great loss in social and economic terms. The losses are spread in the 

infrastructure sector and public facilities such as public roads and offices, residential areas, then the 

agricultural sector such as damage to agricultural land, to the socio-cultural sector that has a direct impact 

on the welfare of the community around the area of natural disasters. From an economic perspective, the 

occurrence of natural disasters has a direct impact on the level of the economy in Indonesia. One way in 

financing disaster risk that can be done is by insurance services or insurance companies. Insurance 

companies are referred to as individual risk insurers who take out insurance. Therefore, this research aims 

to make a mathematical model to determine the amount of premiums that must be paid by the government. 

Determination of the aggregation claim model uses data on the number of claims taken from the number of 

events and the amount of claims taken from the amount of losses due to natural disasters in Indonesia. From 

the results of the study obtained optimal insurance premiums paid by the local government. Natural disaster 

insurance premiums are determined using the Black Scholes Method, where the value of the premiums is 

obtained from numerical simulation results. 
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1. Introduction 
High potential for natural disasters in the archipelago, such as the recent tsunami disaster caused by the eruption 

of Anak Krakatau in the Sunda Strait in 2018, hit the coastal areas of Banten and Lampung. At least 426 people were 

killed and 7,202 were injured and 23 were lost due to this event as well as the earthquake, liquidation and tsunami in 

Central Sulawesi in 2018 caused so many fatalities and damaged infrastructure resulted in losses reaching tens of 

trillions of rupiahs. The increasing number of human populations demands to increase the amount of development and 
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world economic conditions that are increasingly developing, is an indicator of the vulnerability of natural disasters 

(Chiarella and Flaschel, 2000; Kahn, 2005). 

Potential alama disasters in Indonesia can be mapped in each province. Based on the National Disaster 

Management Agency , the Provinces of Central Java, East Java and West Java are the areas most vulnerable to disasters 

that occur in Indonesia. Based on data from the National Disaster Management Agency  the last five years (2015- 

2020), Central Java province occurred 2,646 events, East Java occurred 1,592 events and West Java occurred 1,184 

events. As for the province of West Papua, the lowest case of natural disasters was 19 events. Based on Based on the 

National Disaster Management Agency data in 2019 for West Java Province, there have been 1,468 natural disasters. 

The biggest types of alama disasters are floods, landslides and tornados. A tornado natural disaster occurred 568 

events, flooded 385 incidents and landslides totaled 355 incidents. Natural disasters that occur, have a direct or indirect 

impact on people in the region (Keerthiratne and Tol, 2018; Marin and Modica, 2017) The impacts that can be caused 

by natural disasters are the loss of lives, environmental damage, property losses, and psychological impact (Benali 

and Feki, 2017). According to Songwathana (2018), natural disasters are very closely related to a country's economic 

value. Not only from the fiscal sector, non-fiscal sectors such as the continuity of a country's economy and business, 

are directly affected after the natural disaster. Benson and Clay (2004), argue that losses due to natural disasters affect 

the ongoing economic situation. As an example of the 2018 Lombok earthquake, based on data from the National 

Disaster Management Agency, the total loss reached Rp12.15 trillion. That figure includes damage to the building of 

IDR 10.15 trillion and economic losses of IDR 2 trillion.  

In an effort to overcome these losses, it is necessary to mitigate natural disaster loss mitigation. Therefore, the 

government needs to reform its natural disaster risk financing policy to meet the needs of large, timely, more planned, 

sustainable and transparent disaster financing funding to reduce economic losses and APBD / APBN burden. One way 

in financing disaster risk that can be done is by insurance services or insurance companies. Insurance companies are 

referred to as individual risk insurers who take out insurance. Payments made by the insured to the guarantor are called 

premiums (Pagano, et al., 2018; Breckner, et al., 2016) 

This research will calculate the amount of natural disaster insurance premiums to be paid by the Indonesian 

government. Determination of aggregation claim models using data on the number of claims taken from the number 

of events in Indonesia and the amount of claims taken from the amount of loss due to natural disasters in Indonesia in 

the 2020 insurance period. Furthermore, natural disaster insurance premiums in Indonesia, determined by the Black 

Scholes Method obtained from the analysis. 

 

2. Methods 
2.1 Natural Disaster Insurance 

Disasters are events that cause casualties and objects, therefore protection is needed that can be done before, 

during and after a disaster. Actions taken before a disaster are mitigation efforts aimed at reducing the impact of the 

disaster (Onuma, et al., 2017). There are two mitigation activities. First, structural mitigation, namely activities to 

reduce the risk of disasters that are physical in nature. This form of mitigation is the construction of earthquake 

resistant houses, the construction of flood and mud barrier embankments. Including planting of mangrove forests and 

waves-breaking concrete to break the waves when a tsunami occurs. Second, non-structural mitigation, non-physical 

risk reduction efforts. There are many activities that can be carried out as a non-physical migration effort. For example 

in terms of policies, namely the preparation of policies on disaster management and management. Including training 

activities when facing a disaster. Illustration of the state of thet art by the proposer is presented in Table 1 below: 

 

Table 1. Illustration of state of thet art  

No. Research Study Year Reference 

1. 
Resilience to natural disasters and insurance 

based on penetration, institutions, and types of 

disasters 

2016 Breckner, et al. (2016) 

2. 
Mitigation of economic impacts due to natural 

disasters by forming macro insurance by forming 

an open economy. 

2017 Borensztein, et al., (2017) 

3. 
Behavioral motivation for self-insurance under 

natural disaster risk insurance schemes 
2018 Mol, et al., (2018) 

4. 
Disaster risk insurance based on a comparison of 

national disaster schemes in the EU-28 
2019 Paleari, (2019) 
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2.2 Aggregation Claims 

At the beginning of the period of insurance protection, the insurer does not know how many claims will occur, 

and if the claim occurs, how many of the claims, so it is necessary to build a model that contains calculations from 

two sources of variability.  

The individual unit 𝑖 where 1,2,3,...,i N  in the individual claim model is seen as a large unit of individual 

claim to and is denoted by iX so: 

 { }, 1,2,3,...,iX X i N    (1) 

iX  can be assumed that continuous distribution is a random variable with identical, independent distribution. 

For a risk model that is collective in nature, it can be used for the assumption of a mixed distribution with 

aggregate claims which is the sum of 𝑁 individual claims. Thus it can be formulated as follows: 

 

1 2

1

... N

N

i

i

S X X X

X


   


  (2) 

where 𝑁 is a random variable that states a lot of claims and 1 2, ,..., NX X X  is a random variable that represents a 

large number of individual claims that can be in the form of discrete and or continuous distributions that are identical 

and mutually free (Bowers, et al., 1997) 

Based on equation (2) the cumulative distribution function of the aggregation claim can be determined as 

follows: 
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with a limit y x . 

Based on the opportunity density and cumulative distribution functions of the aggregation claims above, the 

expectations and variants of the aggregation claims can be determined as follows: 
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2.3 Black-Scholes Method 

The Black-Scholes method is one method that can be used to determine option prices. This method was developed 

by Fisher Black and Myron Scholes starting in 1973, in this case the method is used to determine the value of options 

in a stock price contract. The method can be written in the following equation (Okine, 2014): 

𝐶(𝑆, 𝑡) = 𝑆𝑒−𝛿𝑡𝑁(𝑑1) − 𝐾𝑒−𝑟𝑡𝑁(𝑑2)                                           (7) 

𝑃(𝑆, 𝑡) = 𝐾𝑒−𝑟𝑡𝑁(−𝑑2) − 𝑆𝑒−𝛿𝑡𝑁(−𝑑1)                                        (8) 

with 

𝑑1 =
𝑙𝑛(

𝑆𝑒−𝛿𝑡

𝐾𝑒−𝑟𝑡)+(0,5𝜎2)𝑡

𝜎√𝑡
=

𝑙𝑛(
𝑆

𝐾
)+(𝑟+𝛿+0,5𝜎2)𝑡

𝜎√𝑡
                                         (9) 

𝑑2 =
𝑙𝑛(

𝑆𝑒−𝛿𝑡

𝐾𝑒−𝑟𝑡)+(0,5𝜎2)𝑡

𝜎√𝑡
=

𝑙𝑛(
𝑆

𝐾
)+(𝑟−𝛿+0,5𝜎2)𝑡

𝜎√𝑡
                                         (10) 

𝐶(𝑆, 𝑡)   call option prices 

𝑃(𝑆, 𝑡)   put option price 

𝑆   initial stock price 

𝐾   option strike price 

𝑟   annual risk free interest rate 

𝜇   level of perversion S, in a year 

𝜎   standard deviation from the movement of natural disaster cases 

t    time (in years)   

𝛿   dividend rate 

𝑁(𝑥)   standard normal cumulative distribution function 
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 There are some similarities between option prices and index insurance. Therefore, index insurance can be given 

the same price as the option price, whereas to determine the price of index insurance using the Black-Scholes method, 

one can consider the following: 

 The benchmark value on index insurance is 𝑅𝑇 .. 
 Payment structure on index insurance is all at once 

 The index follows the lognormal distribution 

 By analogy with equation (10), the value of natural disaster insurance premiums can be calculated by first finding 

the cumulative distribution value of 𝑑2 with the following equation: 

𝑑2 =
𝑙𝑛(

𝑅0
𝑅𝑇

)+(𝑟−
𝜎2

2
)𝑡

𝜎√𝑡
                                                             (11) 

𝑅0   the value of the number of recent natural disaster cases 

𝑅𝑇   benchmark value 

𝜎   standard deviation of natural disaster cases 

𝑟   risk-free interest rates 

𝑡   time (in years) 

The value of natural disaster insurance premiums can be calculated with the following equation: 

𝑃𝑟𝑒𝑚𝑖 = 𝐾𝑒−𝑟𝑡𝑁(−𝑑2)                                                     (12) 

where 𝐾 is the sum insured, 𝑟 the risk-free interest rate, and 𝑡 shows the time. 
 

3. Results and Discussion 
3.1 Research Data 

The data used in this research are secondary data. The data used was obtained from the National Disaster 

Management Agency in the form of data on natural disaster events and losses due to natural disasters. Data on natural 

disaster events and losses due to natural disasters are given in Figure 1 and Figure 2 as follows: 

 
Figure 1. Data on Natural Disaster Events 

Source: Badan Nasional Penanggulangan Bencana (BPNB) 2020 

Based on Figure 1, it can be seen that cases of natural disasters in Indonesia have increased every year. Where 

the biggest cases of natural disasters occurred in 2017 with a total of 5442 cases of natural disasters. Based on Figure 

1, it can also be seen that natural disaster cases have increased from 2000-2017. While from 2017-2019 there has been 

a decrease in the number of cases of natural disasters. The data used is a total of cases of natural disasters that occur 

each year in the form of floods, landslides, tornados, tsunamis, earthquakes, and other cases of natural disasters.  
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Figure 2. Losses Due to Natural Disasters 

Source: Badan Nasional Penanggulangan Bencana (BPNB) 2020 

 

Based on Figure 2, it can be seen that the level of losses due to natural disasters has increased and decreased so 

much. This happens caused by cases of natural disasters that vary each year in the form of so many floods, tsunamis 

that occur that cause huge losses.  

 

3.2 Test the Normal Distribution of Natural Disaster Cases 
Distribution test is conducted to determine whether the natural disaster case data is Normal or not. This needs to 

be done to meet the conditions that exist in the Black-Scholes method. Analysis of the Normal distribution test was 

performed with the help of IMB SPSS Statistics 25 Software which obtained the following results: 

 

Table 2. Tests of Normality 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Natural Disaster Case .155 20 .200* .939 20 .233 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Based on Table 2, it can be seen data on natural disaster cases that occurred in Indonesia with normal distribution. 

Based on Table 2, there are two parts of the Tests of Normality, namely Kolmogorov-Smirnov and Shapiro-Wilk. 

Because the data used are 20, so at this stage, the normality test used is Shapiro-Wilk. Kolmogorov-Smirnov is used 

for numerical data greater than 30. Based on the results of the Tests of Normality using Shapiro-Wilk obtained a 

significance value of 0.233 which means above the significance value α = 0.05 that has been determined. 
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Figure 3. The normality of Q-Q plot 

 

Based on Figure 3 from the Q-Q plot above, it can be seen that the natural disaster event data is normally 

distributed. This is indicated by the distribution of data plots that approach the model (straight line). This Q-Q plot 

can be used to plot variables more thoroughly based on quantile data values. 

Descriptive data of natural disaster cases which were processed using IMB SPSS Statistics 25 Software obtained 

the following results: 

 

Table 3. Natural Disaster Case Descriptives 

 Statistic Std. Error 

Natural Disaster Case Mean 2562.0000 354.95593 

95% Confidence Interval for 

Mean 

Lower Bound 1819.0687  

Upper Bound 3304.9313  

5% Trimmed Mean 2536.6667  

Median 2684.0000  

Variance 2519874.316  

Std. Deviation 1587.41120  

Minimum 138.00  

Maximum 5442.00  

Range 5304.00  

Interquartile Range 2305.00  

Skewness .122 .512 

Kurtosis -1.020 .992 

 
 

 

3.3 Aggregation Claims 
The amount of the claim is determined by the loss caused by natural disasters. Determination of the amount of 

claims is calculated based on equations (4) and (6). Where are the expected expectations and variances of losses due 

to natural disasters namely ][ tSE = 126,392,867,248,000; and ][ tSVar = 253,104,354,569,077,30,000,000,000,000. 
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3.4 Natural Disaster Insurance Premiums 
The process of determining natural disaster insurance premiums is determined by using the Black-Scholes 

method. The risk free interest rate used in natural disaster insurance is assumed to be 𝑟 =  6% =  0.06 . In 

determining the price of natural disaster insurance premiums, the cumulative distribution function 𝑑2 must first be 

calculated using equation (11) as follows: 

 

𝑑2 =
𝑙𝑛 (

𝑅0

𝑅𝑇
) + (𝑟 −

𝜎2

2
) 𝑡

𝜎√𝑡
=

𝑙𝑛 (
1,439
2,562

) + (0,06 −
2519874.316

2
) (1)

1587.41120√1
= −793.705925 

 

𝑁(−𝑑2) = 𝑁(793.705925) = 1 

 

From the calculation results obtained cumulative distribution d2 cases of natural disasters of 1. Furthermore, from 

the results of determining the cumulative distribution of natural disaster cases, the premium to be paid is determined 

as follows:
 

 

𝑃𝑟𝑒𝑚𝑖 = 𝐾𝑒−𝑟𝑡𝑁(−𝑑2) = (126,392,867,248,000)(𝑒−0,06(1))(1) =119,032,319,672,189.00 
 

Based on the calculation, the amount of premiums that must be paid by the Indonesian government each year is 

IDR 119,032,319,672,189.00. This can be seen that if the Indonesian government had been insured the previous year 

it would have saved hundreds of trillions. This can be seen with the losses incurred in 2019, Indonesia experienced a 

substantial loss of IDR 230,125,632,300,000. Therefore, by conducting insurance the Indonesian government in 2019 

has made savings of IDR 111,093,312,627,811.00. 

 

4. Conclusion 
Based on data from natural disaster cases that occurred in Indonesia, it continues to increase every year. This 

caused a huge loss for the Indonesian government. Therefore, various policies need to be taken to reduce the risks 

posed by natural disasters. One of them is with insurance, which can minimize the risk of natural disasters. Based on 

the results of the analysis that has been done, the amount of natural disaster insurance premiums to be paid by the 

Indonesian government each year is IDR 119,032,319,672,189.00. This can be seen that if the Indonesian government 

had been insured the previous year it would have saved hundreds of trillions. This can be seen with the losses incurred 

in 2019, Indonesia experienced a substantial loss of IDR 230,125,632,300,000. Therefore, by conducting insurance 

the Indonesian government in 2019 has made savings of IDR 111,093,312,627,811.00. 
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