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ABSTRACT
Article History: Farmers often suffer losses due to crop failure. The failure of the harvest is
Received :11-02-2020 influenced by one of them is flooding, especially in Bandung which is quite
Revised :27-03-2020 frequent rain. Therefore one of the government's efforts to minimize losses from
Accepted : 28-03-2020 crop failures is the existence of an agricultural insurance program. The insurance
Online  :02-04-2020 system used is climate index insurance where the climate index is not plant
insurance. This study aims to get a large premium to be paid by farmers using the
Keyword: Black-Scholes method. Meanwhile, to determine the climate index using the
Agricultural Insurance; Historical Burn Analysis method. The results of this study are getting a variety of
Historical Burn trigger values and exit values as well as the amount of premium that must be paid
Analysis; by farmers every planting season. Trigger values represent the minimum full
Black-Scholes; payment limit. The exit value represents the maximum limit for no payment. The
Climate Index. premium value obtained based on the selected trigger value also varies and is
. ™ large enough so that it can be considered by farmers in choosing an agricultural
E E insurance policy. Therefore, the method used must still be investigated to adjust

- to farmers, especially in Bandung.
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A. INTRODUCTION

Agriculture is one of the types of businesses that are more utilized by humans with a high
enough consideration. Sources of risks and uncertainties that are external or which cannot be
controlled by farmers generally come from the natural environment (Irawan, 2013), (Qosim,
Dharmawan, & Harini, 2018). In 2018, the agricultural sector accounts for 13,63 percent of
national PDB. One type of agriculture that can be utilized by humans is food plants in the form
of rice plants. Rice production in Indonesia averaged 57.428.884 tons annually. Rice farmers
often experience losses due to crop failure. The harvest failure is influenced by several factors
including the result of drought, flooding and plant pests (OPT) (Mutaqin, Kudus, & Karyana,
2016). Therefore, to minimize losses due to crop failure, protection for farmers is needed. One
of the government's efforts to protect farmers from loss is the holding of a Insurance Farmer
Rice Program (AUTP). Currently, there have been many types of agricultural insurance
developed based on the claims limit, such as insurance based on crop failure, yield, profit
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(revenue) and the latest is based on the climate index (weather index insurance) (Estiningtyas,
2015), (Kramer et al,, 2016).

The main advantage of meteorological index based insurance compared to traditional
insurance is that there is no need for damage assessment (Leblois & Quirion, 2013). The use
of climate indices in agricultural insurance is carried out because of the high correlation
between climate events and crop losses (Wati, Estiningtyas, & Fatkhuroyan, 2016). One way
to calculate climate index insurance is to use the Historical Burn Analysis method (Taib &
Benth, 2012). In agricultural insurance there is also a premium that must be paid by farmers
every harvest season. The premium calculation can be calculated based on the climate index
using the Black-Scholes method.

Research on the climate index using the Historical Burn Analysis method has been carried
out by Anggraeni et al (2018) who also used the Black-Scholes method to calculate the
premium. The study took place in Bali's Jembrana Regency using data on average surface
temperature and cocoa production. Sugiarto, Estiningtyas, & Dewi (2017) conducted a
Historical Burn Analysis method by taking a location in Pacitan Regency, East Java using data
on rice dryness and pest attack data on rice plants, while analyzing its climate index using
monthly moon rainfall data May to September. Widyawati, Satyahadewi, & Sulistianingsih,
(2013) conducted a study using the Black-Scholes model to determine the selling price of
European type options, with the case study being the calculation of European type selling
options on secondary closing price data from NOKIA corporations, Helmerich and Payne Inc.,
and SONY coorporation.

Therefore, based on previous research, we will discuss the calculation of agricultural
insurance premiums based on climate indexes using the Historical Burn Analysis method to
calculate the climate index and the Black-Scholes method to calculate the premiums. This
study took place in Bandung Regency using daily rainfall data from October to April
Insurance that is covered is the price of coverage or initial capital of the farmer.

B. METHODS
1. Object of Research

The object of this research is climate index-based agricultural insurance premiums. The
data used in this study are secondary data, namely daily rainfall data from 2014 to 2018 in
Bandung Regency, which were obtained from the online data of the Meteorology, Climatology
and Geophysics Agency (Badan Meteorologi, Klimatologi, 2019, dataonline.bmkg.go.id).

2. Research Stages
The stages carried out in this study are as follows:

a. Collecting daily rainfall data in Bandung Regency from 2014 to 2018 obtained from
online data from the Meteorology, Climatology and Geophysics Agency.

b. Determine the climate index. The steps to determine the climate index using the
Historical Burn Analysis method developed by IRI Columbia University (Sugiarto et
al., 2017) are as follows:

1) Determination of window index

2) Calculating dasarian rainfall

3) Calculate the amount of "stamp”

4) Calculates the amount of rainfall that has been adjusted for each year
5) Compile rainfall data

6) Arrange exit and trigger values based on the selected reset period

c. Determine the amount of agricultural insurance premium in this study using the
Black-Scholes method by taking into account the latest rainfall value, the trigger
value of rainfall, variance or volatility, interest rates, time and value of coverage.
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3. Black-Scholes Method

Black & Scholes, (1973) found an innovation to determine option prices. Some of the
assumptions used are options that are used as a reference are European options that can only
be used at maturity, the level of volatility of stock prices that are constant, shares used are not
dividends, and there are no taxes and transaction costs in buying and selling options. Ross
(2012) and Widyawati et al., (2013) wrote that the European type selling option prices
determined by the Black-Scholes formula are as follows:

P =K e TN(=d;) — SoN(—d,) (1)
where
In(22)+(r+ZL-)r
d1 = (K)ofﬁ : ) (2)
In So + r—U—TZ T
dzz%z d1_UT\/T (3)

With P is option price, Sj is initial stock price, K is option strike price, r is risk free interest
rate, o7 is standard deviation of the stock price, T is time until maturity, N(—d;) is cumulative
density function of the normal distribution of d;, N(—d,) is cumulative density function of the
normal distribution of d,. An explanation of the selling option price of equation (1) according
to Dickson, Hardy, & Waters, 2009) is generally written:

P = e "'E(maks(K — S7,0)) (4)

Option is a contract between the holder and writer (buyer) and seller (writer) in which the
writer gives the right (not the obligation) to the holder to buy or sell the assets of the writer at
a specified price (strike or exercise price) and at certain time in time (expiry date or maturity
time) (Martin & Ivanic, 2010), (Pramuditya, 2016). Selling options are contractual agreements
that give the buyer the right to sell certain company shares in a certain amount from the seller
of the option at a certain price and at a predetermined time (Gustyana & Dewi, 2014).
According to Black & Scholes (1973) based on the stochastic process it is assumed that the
stock price is distributed lognormal and the stock price follows the Brownian random
geometric process. The stock price can be written as follows.

5, = syelFreowT 5)

Furthermore, the density function of equation (5) which is distributed lognormal can be
written as follows

1 _1 lnSt—H)z S O
g(S) ={Sovazt * 7 1 t” (6)
0 , S, <0
2
where u =InS, + (r — %) T and o7% = 02T (Mooy, Rusgiyono, & Rahmawati, 2017).
From equations (4) and (6) the selling options can be written.
P=e [(K—S5)g(S)dS; = eTT[K [ g(S)dS. — [, Seg(S)dS:] (7)

From equation (7) it can be assumed to be:

P=e7T[C; = C,] (8)
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Furthermore, from equation (8) a solution is sought for the first integral example C; of
equation (7)
C1 =K [, g(S)dS, (9)

In equation (9) the density function used is equation (6)

_ (lnSt u

) s, (10)

K fK Sto\/ﬁ

Equation (10) is changed in the form of a standard normal distribution with the example
InSg—u

z = ——, obtained S, = e??thand dS, = ge??*H dz so
T
P L —5@)? +
Cl—KfK me 2 o e’ hdz (11)
From equation (11) the integral limit is changed from K to lnl;_”, because p =1InS, +
T
2
(r — %) T and 072 = 62T so
—K (% o 3 @?
Cl =K fan—(ln So +<r—%2>T) \/_ dZ (12)

oVT

Because of the nature of the symmetrical normal distribution graph, equation (12) can be
changed to

—1nK+1nSO+(r—%2)T
C=K[T on ) e e 7D 4y (13)

in general, equation (13) states the boundaries of the area covered by the normal curve at the
—In K+ln5‘0+(r—a—2)T

= so that based on a normal distribution table it can be written

limit of —oo to
as follows
ln(‘%o)+<r—%2)T)

C1=K N( 0'\/?

(14)

Then from equation (8) we also calculate the solution for the second integral, C, from
equation (7)
C; = fK Stg(Se)dS, (15)

In equation (15) the density function used is equation (6)

1 InS¢—p

e 305 ds, (16)

f St St am
In equation (16), let's say a = In S;, we get e® = et and dS, = e%da so that

o 3T

C =, — —=e e%da (17)
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From equation (17) described as follows

® 1 _a ap p?
C, :f e 202+02 202+ada
K

ov2lm
a? ap /,Lz 0% o2
R t +a+ Fu—p
Cz = fK p Zne 202 02 202 2 2 da (18)

Then equation (18) is simplified and the integral limit is changed from K to In K such that

L _1e-wre®),
u+30? anm/_ 2% ) da (19)

C,=e

Equation (19) is changed in the form of a standard normal distribution with the example

_a—(uto?) InK —(u+o

2
,s0 we getda = g dy. The limit for K is changed to ), because it is

ar
2
known that u = In S, + (r - %) T and o7? = 02T so that

_ u+ o2 L ——(y)2
Cz € InK —(InSg +(r——)T+o’2T) \/_ dy

VT

(20)

From equation (20) the integral limit K is broken down into

C, = et L e300y (21)

InK —(In Sg +rT——T+02T) V21
oVT

From equation (21) the integral limit K is summed to

C, = "3 52 ie‘EWdy (22)

InK —(In Sy +rT+—T) \V2m
VT

From equation (22) the integral limit K is simplified to

_ u+ a2 L ——(y)2
CZ =€ j;nK —(In Sy +(r+—2>T) \/ﬁ dy (23)

2
oVT

Due to the nature of the symmetrical normal distribution graph, so from equation (23) it can
be changed to

—-InK+In Sg +(r+072>T
12 2
_ut+=a? C pn )_1 ——(J’)
C,=e""2% [ VT v ody (24)

in general, equation (24) states the boundaries of the area covered by the normal curve at the
—InK+In So+(r+%2>T

" so that based on a normal distribution table it can be written

limit of —oo to

as follows

¢, = eitie® y (T (25)
2 oT
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2
Because u =In S, + (r — %) T and 072 = 02T, so it can be substituted into

2
In S, +(r—67)T +%02T

C,=e N(——7) (26)
From equation (26) it can be decomposed into
C, = IS0 47T~ 0-2—2T+%O'2T N (ln(s?o):\g;Jer_z)T) (27)
From equation (27) it can be simplified into
C,=S,e™™ N (W) (28)

By substituting Equations (14) and (28) into Equation (8) is obtained
lnS—°+r—U—2T lnS—°+r+a—2T
KN( () >N< ()+(+%) )] 29

From equation (29) it can be simplified into

P=Ke "N(d,) — SoN(d;) (30)

where d, and d; re Equations (2) and (3). Based on the nature of the cumulative function a
standard normal distribution is obtained

P=Ke "TN(-d,) — SoN(—d,) (31)

Thus, equation (31) is known as the Black-Scholes model for the calculation of European
type selling options.

In determining the price of insurance index using the Black-Scholes method can consider
the following:

1. The benchmark value on index insurance is H

2. Payment structure on index insurance is all at once

3. The index follows the Lognormal distribution
Logging in equation (3), the value of index-based agricultural insurance premiums can be
calculated by finding the cumulative distribution value d, first with the following equation:

dy = = (32)

Where R, is the latest rainfall values, H is trigger value (rainfall selected as index), r is risk
free interest rate, o standard deviation of the climate index, and T is time. Thus, the value of
agricultural insurance premiums based on rainfall index can be calculated by the equation:

Premi=P e "TN(—d,) (33)

Where N(—d,) is the probability of rainfall is less than the trigger value of rainfall, r is risk
free interest rate, T is time.
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C. RESULT AND DISCUSSION
1. Data

The data used in this study are secondary data, namely daily rainfall data from 2014 to
2018 in Bandung Regency, which were obtained from the online data of the Meteorology,
Climatology and Geophysics Agency (Badan Meteorologi, Klimatologi, 2019,
dataonline.bmkg.go.id). Data is presented in graphical form and descriptive statistics using
the help of Microsoft Excel 2010 software which aims to provide an overview of the data. The
results of the data graph and descriptive statistical data can be seen as follows.
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Figure 1. Daily Rainfall Data Graph 2014 Figure 3. Daily Rainfall Data Graph 2016
Table 1. Statistics of Rainfall Data 2014 Table 3. Statistics of Rainfall Data 2016
Parameters Value Parameters Value
Mean 11.094 Mean 14.340
Median 8.600 Median 6.900
Mode 0.000 Mode 0.000
Standard Deviation 12.259 Standard Deviation 19.229
Minimum 0.000 Minimum 0.000
Maximum 58.40 Maximum 112.6
80 30
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40 40
20 20
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Figure 2. Daily Rainfall Data Graph 2015 Figure 4. Daily Rainfall Data Graph 2017
Table 2. Statistics of Rainfall Data 2015 Table 4. Statistics of Rainfall Data 2017
Parameters Value Parameters Value
Mean 8.845 Mean 10.933
Median 1.500 Median 5.600
Mode 0.000 Mode 0.000
Standard Deviation 14.918 Standard Deviation 14.478
Minimum 0.000 Minimum 0.000
Maximum 74.60

Maximum 73.50
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100 Table 5. Descriptive Statistics of Rainfall Data
Year 2018

80 Parameters Value
60 Mean 9.951
Median 3.650
40 Mode 0.000
20 Standard Deviation 15.168
. . .LIL Minimum 0.000
TURIGRBRBRIABRE T Maximum 85.200

Figure 5. Daily Rainfall Data Graph 2018

2. Determination of The Climate Index
Determination of the climate index with rainfall as its climate type uses the Historical
Burn Analysis method with the following steps
a. In this study, the window index was chosen based on the rainy season, which is from
October to April from 2014 to 2018.
b. The dasarian rainfall calculated is the amount of 10 days of rainfall in the period to be
insured (index window).
c. The stamp represents the maximum amount of rainfall calculated for each ten-day
period (Masmoudi-Charfi & Habaieb, 2014), (International Research Institute, 2010).
The determination of the "cap" value is related to the daily potential
evapotranspiration value (ETp) which can be seen in Table 6 below.

Table 6. Average ETp Value (mm/day)
(Allen, Pereira, Raes, & Smith, 1998)
Average Daily Temperature (° C)
Region Cold Medium Warm
(~10°C) (~20°C) (>30°C)
Tropical and subtropical
Moist and sub moist 2-3 3-5 5-7
Dry and semi-dry 2-4 4-6 6-8

Potential evapotranspiration value (ETp) is a value that describes the energy needs
obtained from the sun for the environment or agricultural areas. Factors that influence
itinclude air temperature and air pressure.

The Bandung area has an average temperature of 23.5°C with a humidity level of 83%
per day (Herianto; Hidayati, Asep Kurnia, Romdani, 2016). Therefore based on Table 6
the average value of the chosen ETp is 5 mm/day so that the value of "stamp" used per
10 days is 50 mm. So the ETp value used in this study is 5 mm / day. Then the stamp
value for 10 daily is 50mm.

d. Adjusted total rainfall or adjusted total rainfall is if the amount of rainfall for a ten-day
period is less than the "cap"”, then the total rainfall used for that period. However, if in
ten days the total rainfall is more than the "stamp", then the "stamp" is used. The
stamp represents the maximum amount of rainfall calculated for each ten-day period.

e. The adjusted rainfall value (adjusted rainfall total) in each period insured is calculated
by averaging for each period of ten days per year.

f. Preparation of rainfall data that has been adjusted (annually) from top to bottom
starting from the highest rainfall to the lowest (giving rank). The results of
determining the climate index can be seen in Table 7 below.
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Table 7. Rainfall Climate Index Every Year

The average rainfall is arranged

Year (mm)
2015 29.95
2014 40.30
2017 40.60
2018 41.24
2016 44.41

g. The exit value is the lowest point where no payment is made. Exit is the lowest amount
of rainfall in a year and is rounded up to the nearest integer. A trigger or trigger is a
percentile of the amount of rainfall that has been adjusted. The results of determining
the exit and trigger values can be seen in Table 8 below.

Table 8. Trigger and Exit Value from Climate Index Calculation Results

Percentile T(r,l;qul f;r (ix:;)
20 32.02
30 38.23
40 40.42
50 40.60 29,95
60 40.98
70 41.87
80 43.78

3. Determination of The Sum Insured

Determining the amount of agricultural insurance coverage in this study is based on the
cost of rice production which includes capital and operational costs such as the cost of rice
seeds, fertilizer, labor costs, and others. Based on the capital and operational costs, the

coverage is IDR 6,430,000.00 / Ha.

4. Determination of The Amount of Premium
Determine the amount of agricultural insurance premiums in this using the Black-Scholes
method using the equation (32) with the most recent rainfall (R;) being 878.4 mm. H is the
trigger value used for each percentile. T is the selected time period that is ¢t = 0.25. r is the risk
free interest rate r = 0.06. The standard deviation or standard deviation (o) of the climate
index is 4.90. After obtaining the cumulative distribution value of d, to calculate the amount of
the agricultural insurance premium, using the equation (33).
In addition, descriptive statistics from the climate index can be seen in Table 9 as follows.

Table 9. Climate Index Descriptive Statistics

Parameters Value
Mean 39.30
Standard deviation 4.90
Variance 24.00
Maximum 44.41
Minimum 29.95

The premium calculation for H = 32.02 mm is as follows
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8784 4,902
L In (32,02) + (0,06 _ T) 0,25
, =

4,90,/0,25
d, = 0,133518601 =~ 0,13
N(—d;) = N(—0,13) = 0,4483

Based on the results of the cumulative function calculation of H = 32.02 mm is 0.4483, the
calculation of the premium to be paid is.

Premium = (IDR 6.430.000,00)( e~(©:06)(0.25))(0,4483)
Premium = IDR 2.839.653,139

So the amount of premium to be paid when choosing H = 32.02 mm is IDR 2,839,653,139. The
amount of premium to be paid for other percentile values can be seen in Table 10 as follows

Table 10. Large Premiums to Be Paid

Percentile Rainfall (mm) Price Coverage (IDR) Premium (IDR)
20 32.02 6,430,000,00 2,839,653,13
30 38.23 6,430,000,00 3,318,523,93
40 40.42 6,430,000,00 3,268,483,20
50 40.60 6,430,000,00 3,268,483,20
60 40.98 6,430,000,00 3,243,146,12
70 41.87 6,430,000,00 3,217,809,04
80 43.78 6,430,000,00 3,192,471,96

Table 10 shows the agricultural insurance premiums that must be paid every planting season
or three months per hectare. It can be seen that with varying rainfall values, premium
payments vary. This can be used by farmers to consider purchasing policies based on the
selected rainfall.

D. CONCLUSION AND SUGGESTIONS

From the climate index, various trigger values are obtained from the percentile of climate
index per year. However, the exit value is the smallest value of the climate index per year.
Trigger values represent the minimum limit for full payment. While the exit value represents
the maximum limit of no payment. If rainfall occurs between the exit and trigger values, then a
partial payment.

Calculation of premiums using the Black-Scholes method is based on a variety of trigger
values using the cumulative nature of the standard normal distribution function approach
which then produces a large premium that also varies. This large premium value can occur
because of the relatively short duration of time only per park period or once every three
months for payment. This can be a consideration for farmers, especially in Bandung regency
in choosing agricultural insurance policies.

The advice that can be submitted by the author is that the premiums that are obtained are
considered to be of considerable value if paid to a farmer. Therefore the farmer group is very
important and can be used to purchase this climate index-based agricultural insurance policy.
In addition, the method used is a simple method so that for future research another method
can be used that can get a premium value that can be adapted to the farmers.
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