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Abstract

This article discusses the use of the Black-Scholes model to calculate the price of agricultural insurance premiums based on the
rainfall index. The Black-Scholes model is one of the models used to determine option prices. The research method used is
studying the material through mathematics books and journals and collecting secondary data. The data used in this study are
rainfall data and rice production data in Magelang City from 2019 to 2020. Based on the results and discussion, the quarterly
rainfall data that has a strong correlation are quarterly rainfall one and three. For the reference size with the latest rainfall data
(319.5 mm) the premium obtained is IDR 3,557,321.00 per hectare, while for the reference size with the average rainfall data
(1094,725 mm) the premium obtained is IDR 623,387. ,00 per hectare. Based on the calculation results, the higher the percentile
value, the higher the premium value for the two reference sizes.
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1. Introduction

Agriculture is one of the businesses with high risk and uncertainty so that rice production can decrease. One of the
factors that can threaten the decline in rice production is rainfall. Rainfall that is too high or too low can disrupt
business in the agricultural sector (Sudrajat, 2019).

To reduce farmers' losses due to crop failure caused by excessive rainfall and other causes, agricultural insurance
was introduced (Fadhil et al., 2021; Pasaribu, 2010; Shofiyati et al., 2021). In this case, it is agricultural insurance
based on the rainfall index. Index-based insurance is a form of insurance in which the losses incurred are based on a
factor such as rainfall. The rainfall is represented by a rainfall index which is used as a reference to determine the
premium (Smith and Watts, 2019; Meze-Hausken, 2009).

Insurance premium is the obligation of the insured party to the insurer in the form of payment of money in a certain
amount, all at once or periodically(Cummins, 1998; Satri et al., 2022). The agricultural insurance scheme is carried
out by means of the insurer receiving a premium to provide compensation (compensation, benefits, benefits, sum
assured) to the insured due to loss or crop failure. In calculating the premium, the organizers only base it on one
cause, such as rainfall, so it is called agricultural insurance based on the rainfall index. In addition, the amount (price)
of the premium also depends on the amount (large) of the insured value and other factors such as interest rates and the
time period for data formation(Yusuf et al., 2021; Sujarwo, 2017; Dartanto et al., 2020).

Similar to insurance, an option is a contract or agreement between two parties, namely one party gives the other the
right to buy or sell an asset (eg shares) at a certain price and time period. There are two kinds of options, namely
European options and American options. European options are exercised only at maturity, while American options are
exercised before or at maturity (Johnson and Stulz, 1987; Karatzas, 1998; Geske and Roll, 1984).

Options have two types of contracts, namely call options and put options. Put option is a type of contract that gives
the option buyer the right to sell (put) a certain number of shares to the option seller at a certain price and time period.
Meanwhile, a call option is a type of contract that gives the option buyer the right to buy (call) from the option seller a
certain number of shares at a certain price within a certain period of time (Zhao et al., 2013; Stoll, 1969).

One of the models used to determine option prices is the Black-Scholes model. The equation between the option
calculation and the calculation of agricultural insurance premiums causes the Black-Scholes model to be used to
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determine the price of agricultural insurance premiums based on the rainfall index. The determination of the premium
is done by finding the largest correlation between rainfall data and rice production. The rainfall data with the largest
correlation was chosen as the rainfall index (Shi and Jiang, 2016; Islam et al., 2018). Thus, the insurance scheme is
called rainfall index-based agricultural insurance.

Based on the explanation above, this study was conducted to calculate the price of agricultural insurance premiums
based on the rainfall index using the European type cash-or-nothing call option formula derived from the Black-
Scholes model using secondary data from the geographic area of Magelang. This article uses two reference data,
namely the latest data and the overall average rainfall index data. The comparison of the premium size is given as an
analysis referring to the use of the two types of reference data

2. Research Methodology

The method used in this research is literature study and secondary data collection. The data used are monthly
rainfall and rice production. Data analysis was carried out with the help of Microsoft Excel 2013 and Rstudio. The
research steps used are as follows:

1) Collect data on rice production and monthly rainfall in Magelang City from 2019 to 2020;

2) Converting annual rainfall and rice production data into quarterly data;

3) Perform a correlation test to determine the rainfall index;

4) Testing the normality for the natural logarithm of the quarterly data with the rainfall that is the strongest
correlated with rice production; and

5) calculate the price of insurance premiums to be paid based on the data obtained.

2.1. Data

The data used in this study is data on rainfall and rice production in Magelang City from 2019 to 2020. The data
used are shown in Table 1 and Table 2.

Table 1. Rainfall data for Magelang City in 2019-2020 (mm)

Period 2019 2020
January 875 503
February 437 422

March 328 409.4
April 318 301
May 42 180
June 166 60
July 104 21

August 154 5,85
September 206 1215
October 3 306
November 211 481
December 379 515

Table 2. Rice production data for the City of Magelang in 2019-2020 (tons).

Period 2019 2020
January 229 198.4
February  225.36 190.96

March 264 194,56
April 182.4 168
May 176.32 176.32
June 186 188.48
July 187.2 187.2

August 188.48 188.48
September  188.48  187.2
October 197.12 168
November 193.44 188.48
December  193.44 176.32
The distribution of rainfall data per quarter is based on seasonal changes, namely the dry season, the rainy season,
and the transition season. The start of the rainy season usually starts in January, while the dry season starts from May.
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Thus, the transition season is placed from September. Basically, the transition seasons are fairly short, so this grouping
is a bit rough, and is only to help in making it easier to understand the division of time into seasons.

Table 3 presents rainfall data calculated every four months (quarterly). The first quarter starts from January 2019 -
April 2019. Rainfall in this quarter is the amount of each rainfall in May - August 2019, for the second quarter of 2019
data is the sum of rainfall data for September - December 2019, for the third quarter data 2019 is the sum of the rain
data for January — April 2019. Likewise for the data for 2020.

Table 3. Quarterly rainfall data for Magelang City in 2019-2020 (mm)

Period 2019 2020

Quarter one (Dry) 466 319.5
Quarter two (Pancaroba) 799 14235
Third Quarter (Rain) 1958 1635.4

It can be seen in the table that in the first quarter the rainfall tends to be low, this is due to the dry season. In the
second quarter the rainfall can be high or low, this is because in this month the transition season occurs. The transition
season is a transitional period between two seasons, namely the rainy season and the dry season. Meanwhile, in the
third quarter the rainfall tends to be high, this is due to the occurrence of the rainy season.

Rice production data is also presented as quarterly rice production data in Magelang City. As in Table 4 below.

Table 4. Quarterly rice production data in Magelang City in 2019-2020 (tons)

Period 2019 2020

Quarter one (Drought) 466 319.5
Quarter two (Transition) 799 14235
Third Quarter (Rain) 1958 1635.4

As with the rainfall data, for the first quarter rice production data, namely the number of rice production data from
May to August. The second quarter is the amount of data from September to December. While the third quarter is data
on rice production from January to April.

2.2. Determination of Rainfall Index

Correlation test is used to determine the relationship between two variables. Insurance based on rainfall index
(rainfall/weather) can be applied because there is a strong correlation between rainfall data and losses experienced by
farmers. Too little or too much rainfall has the potential to cause crop failure. The determination of the rainfall index
is based on the quarterly rainfall which has the strongest correlation with rice production. The results of calculating
the correlation value with the help of Microsoft Excel 2013 can be seen in Table 5.

Table 5. Correlation values of each quarterly rainfall and rice production

Rainfall Rice production
Quarter one (Dry) Quarter two (transition)  Third Quarter (Rain)
Quarter one (Dry) -0.9999999999873 1.0000000000000 1.0000000000000
Quarter two (transition)  0.9999999999873 -1.0000000000000 -1.0000000000000
Third Quarter (Rain) -0.9999999999876 1.0000000000000 1.0000000000000

This correlation test is carried out to find a rainfall index which will then be tested for normality which is then used
as a reference for calculating premiums. In Table 5, it can be seen that the rainfall data in the first and third quarters
are the most strongly correlated with rice production in the second and third quarters, which is 1.

2.3. Third Quarter Rainfall Data Normality Test

One type of distribution that is often used to determine the amount of premium is the normal distribution. The data
normality test was conducted to test whether the natural logarithm of the second quarter rainfall data was normally
distributed or not. The normality test was carried out using the Kolmogorov-Smirnov test on the natural logarithm of
the rainfall data in the first and third quarters, with the help of Eviews 10. The following is a hypothesis on the
normality test:

HO : Data In (rainfall in the first and third quarters) is normally distributed
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H1 : Data In (rainfall in the first and third quarters) is not normally distributed

The level of significance used in the data normality test is 5% with a decision if the p-value alpha, then HO is
accepted, meaning that the rainfall data for the first and third quarters are lognormally distributed. The p-value is
greater than 0.650 because the p-value = 0.650 is greater than alpha = 0.05, so the decision taken is HO is accepted,
meaning that the natural logarithm of rainfall in the first and third quarters is normally distributed. Based on these
results, the rainfall data for the first and third quarters of Magelang City are lognormally distributed.

The calculation of p is done annually. In this case, the observation data is rainfall data with the highest correlation
to rice production in the quarterly period. Because the data classification is done every four months, in one year there
are three groups of data so that t 3/ 12 0.25 . The first and third quarterly rainfall data based on time are 1958; 466 ;
1635,4; 319.5. From these data, with Equations (3) and (5) obtained:

7= (=% = A %8025 = —
A= GyIngHt = GIn55)0.25 = —0.1510767958

Calculatio o = \/%Z{;l(ui — )2 (for small data) is done by Equation (4).

The calculation requires the values of u; and u which are calculated by the equation u; = In (:"1) Vj,j =
-

n-1
2,3,...,ndanu = % Based on the calculation results obtained = 1.61265 and = t= 0.80632.

2.4. Premium Price Calculation with Black Scholes Model

The calculation of the premium price uses equation (1). The first step in calculating the premium is to calculate the
value of d, with Equation (2). The value of Ry was chosen from the rainfall data with the strongest correlation. In this
article, two Rq are used for comparison, namely the latest data and the average rainfall data in the quarter with the
strongest correlation. Obtained R1=319.5 mm (last data) and R,,=1094.725 (mean data). Other data required is the
annual risk-free interest rate r = 0.065 and the amount of compensation P = 6,000,000.00 rupiah.

The results of calculating the price of insurance premiums on several percentiles are given in Table 6 and Table 7.
In Table 6 and Table 7, respectively, two calculations are presented for two references, namely Ry;=319.5 mm (last
data) and Rq,=1094, 725.

Table 6. The price of agricultural insurance premiums in Magelang City in 2019-2020 with %, = 319.5 mm.

Persentil d2 -0,2699 N(-d2)  Premi
0.05 341475 -0.2699 0.26986 0.6026 3557321
0.1 363.45 -0.3472 0.34721 0.6331 3737372
0.15 385.425 -0.42 0.42001 0.6628 3912699
0.2 407.4  -0.4888 0.48878 0.6844 4040210
0.25 429.375 -0.5539 0.55394 0.7088 4184250
0.3 451.35 -0.6158 0.61584 0.7291 4304087
0.35 525.47 -0.8044 0.80441 0.7881 4652381
0.4 703.88 -1.1669 1.16694 0.877 5177184
0.45 882.29 -1.4471 144712 0.9251 5461132
0.5 1060.7 -1.6755 1.67552 0.9525 5622882
0.55 1239.11 -1.8683 1.86833 0.9686 5717925
0.6 141752 -2.0352 2.03515 0.9788 5778138
0.65 1595.93 -2.1822 2.18218 0.9854 5817100
0.7 1685.66 -2.25  2.25001 0.9878 5831268

0.75 1731.05 -2.283 2.28297 0.9887 5836581
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0.8 1776.44 -2.3151 2.31507 0.9896 5841894
0.85 1821.83 -2.3464 2.34636 0.9904 5846616
0.9 1867.22 -2.3769 2.37688 0.9911 5850749
0.95 1912.61 -2.4067 2.40667 0.9918 5854881

1 1958  -2.4358 2.43576 0.9925 5859013

Table 7. The price of agricultural insurance premiums in Magelang City in 2019-2020 with Ry, = 1094.725.mm.

Persentil d2 1,2575 N(-d2)  Premi

0.05 341475 1.25745 -1.2575 0.1056 623387
0.1 363.45 11801 -1.1801 0.119 702491
0.15 385.425 1.1073 -1.1073 0.1357 801076
0.2 407.4 1.03853 -1.0385 0.1515 894348
0.25 429.375 0.97337 -0.9734 0.166 979946
0.3 451.35 0.91147 -0.9115 0.1814 1070856
0.35 525.47 0.7229 -0.7229 0.2358 1391995
0.4 703.88 0.36037 -0.3604 0.3594 2121642
0.45 882.29 0.08019 -0.0802 0.4681 2763329
0.5 1060.7 -0.1482 0.14821 0.5557 3280457
0.55 1239.11 -0.341 0.34101 0.6331 3737372
0.6 141752 -0.5078 0.50784 0.6915 4082124
0.65 1595.93 -0.6549 0.65486 0.7422 4381420
0.7 1685.66 -0.7227 0.7227  0.7642 4511293
0.75 1731.05 -0.7557 0.75566 0.7734 4565603
0.8 1776.44 -0.7878 0.78776 0.7823 4618142
0.85 1821.83 -0.819 0.81905 0.791 4669501
0.9 1867.22 -0.8496 0.84957 0.7995 4719679
0.95 1912.61 -0.8794 0.87936 0.8078 4768676

1 1958  -0.9084 0.90844 0.8159 4816493

The premium price generated in this study is pure premium because it is only based on field conditions, namely
rainfall and rice production. Not added with other costs. The implementation of AUTP stipulates that farmers only
need to pay IDR 180.000,00 per hectare per planting season. The use of the reference rainfall data R, gives very
different results. The smallest reference rainfall data, namely Ry;=319.5 mm, resulted in a very high premium. The
average rainfall data, namely Rg,= 1094.725.mm, gives premium results that are closer to the AUTP premium,
especially at the 5th percentile. The choice of percentile is also very influential on the amount of the premium. The
premium increases as the percentile increases. This is due to the higher risk of failure or loss in the agricultural sector.

3. Conclusion

The implementation of AUTP stipulates that farmers only need to pay IDR 36,000.00 with government assistance
of IDR 144,000.00 so that the total AUTP premium is Rp. 180,000.00 per hectare per growing season. The results
showed that the premium price was IDR 3,557,321.00 when the latest rainfall data reference (319.5 mm) was used.
When used as a reference for the average overall rainfall data (1094,725 mm) the premium is IDR 623,387.00.

Based on the calculation results, it can be concluded that the selection of the percentile and the reference rainfall of
1094.72 greatly influences the premium. The average rainfall data, namely Ry,=1094.725 mm, gives a premium result
that is closer to the AUTP premium, especially at the 5th percentile. The higher the percentile value, the higher the
premium value for both R,. Suggestions that can be conveyed by researchers are the use of indices other than rainfall,
for example drought index, humidity index, soil fertility level, etc. and try to use complete data without missing values
with a longer period of time.
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