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Abstract Insurance  contract, including
agricultural/crop insurance, involves premium payment by
the insured and compensation payment by the insurer on
the claim filed by the insured. The agricultural insurance
premium in this research was calculated using
Cash-or-nothing put option equation, while the amount of
compensation was determined using the historical burn
analysis (HBA) method, at different percentiles. This
research was conducted using secondary data in the form of
four-year daily rainfall, shallot production volume, and
risk-free interest rate from Bank Indonesia. Primary data
needed in this research were the cost for shallot planting
per hectare per planting season of IDR 46,110,735. The
research results with a percentile of 5% generate a
premium of IDR 8,246,571. The rainfall calculation results
in a window period from March to June with a window
index in the form of total average dasarian (ten-day)
adjusted rainfall in ascending order at an interval of 36.08 —
49.33 mm. Based on HBA method, full compensation of
planting cost is given to farmers if rainfall is lower than or
equal to the exit value of 36.08 mm in each percentile used.
Meanwhile, partial compensation differs depending on
percentile value. When percentile of 5% is used, then the
compensation will be higher than the premium if rainfall is
at an interval of 36.080 —36.500 mm and lower if rainfall is
at an interval of 36.500 — 36.743 mm. If rainfall is above
36.743 mm, there is no indemnity to be paid. At percentile
5%, rainfall 36.743 mm is the Trigger Value.

Keywords Black-Scholes Equation, Cash-Or-Nothing

Put Option, Exit Value, Historical Burn Analysis,
Indemnity, Percentile, Premium, Rainfall Index, Trigger
Value, Window Index, Window Period

1. Introduction

Shallot farming cannot be free from risks which may
lead to loss. One of the efforts to reduce loss risk is
insurance, especially Shallot Farming Insurance (Asuransi
Usaha Tani Bawang Merah - AUTBM). Until now, the
Indonesian Government only implements risk protection
for paddy farmers through the Paddy Farming Insurance
(Asuransi Usaha Tani Padi - AUTP) scheme.

Agricultural/crop insurance consists of indemnity-based
agricultural insurance and climate index-based agricultural
insurance, such as rainfall index. In case of rainfall
index-based Shallot Farming Insurance, the object insured
is not shallot plants, but rainfall. In case of unexpected
rainfall, a claim can be made without the need for proof of
crop failure. In this case, unexpected rainfall can be rainfall
which causes a lack of or excessive water.

The principle of climate index-based agricultural
insurance, according to Insyafiah & Wardhani [1] and
Tadesse et al. [14], is insuring the climate index (such as
rainfall index) instead of the plant. Indemnity is paid to the
insured in case of unexpected climate conditions, without
any proof of crop failure. In the implementation of climate
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index-based insurance, there is a possibility that the farmer
has crop failure but does not receive indemnity due to crop
failure caused by rat (pest).

The premium rate of index-based insurance is calculated
using Black-Scholes equation. Research on agricultural
insurance was conducted by Putri et al. [2] that calculated
the premium of rainfall index-based agricultural insurance
in paddy commodity in Denpasar City using Black-Scholes
equation. According to Putri et al. [2], the higher the
rainfall, the higher the premium rate paid would be.
Furthermore, Lestari et al. [3] used a mean reversion with
jump method and Black-Scholes equation to determine the
amount of premium of internationally based agricultural
insurance for coffee commodities. Lestari et al. [3] used
different Trigger Values, and increase in Trigger Value
would result in increased premium rate.

Qosim et al. [4] determined the premium of rainfall
index-based agricultural insurance on corn commodity in
Karangasem Regency, Bali using a mixed exponential
distribution generator method and Black-Scholes equation.
The research conducted by Qosim et al. [4] related to the
use of Trigger Value in line with Lestari et al. [3].

Dewi et al. [5] calculated the premium rate of rainfall
index-based  agricultural  insurance for  soybean
commodities in Negara District, Jembrana Regency, Bali
using Weibull distribution and Black-Scholes equation.
The research resulted in a big percentage of premium of
4.18% — 5.66% of coverage of IDR 2,605,000.

One of the methods to calculate the amount of indemnity
in index-based insurance is to use historical burn analysis
(HBA) method. Anggraeni et al. [6] calculated the
premium of surface temperature index-based insurance in
cacao commodities in Jembrana Regency, Bali using HBA
method and Black-Scholes equation. Research on the use
of HBA method had been previously conducted by Wati et
al. [7] on paddy commaodities in Cirebon Regency, West
Java using rainfall as the climate index. Earlier research
using HBA method was conducted in Indramayu Regency
by Estiningtyas [8] and Estiningtyas [30].

The calculation of crop insurance premiums has been
studied by many experts with various methods [15]. The
normal distribution method for determining the amount of
premiums is carried out by Prabowo et al. [22] and
Prabowo et al. [23]. According to Prabowo et al. [22], the
determination of the amount of the premium is also carried
out using the risk theory. Sukono et al. [25] use the
Bayesian method to estimate the premium for flood
insurance. The calculation of flood insurance premiums
can also be done using the Fuzzy Inference of Sugeno
Method [26]. Currently, there are many studies that
calculate agricultural insurance premiums with the
Black-Scholes equation.

Research by Sugiarto et al. [19], Erfiana et al. [21],
Prabowo et al. [24], and Filiapuspa and Mardiyati [27] use
the Black-Scholes equation in calculating the premium.
These studies have not been equipped with compensation
calculations. One method that can be used to determine the

amount of compensation is the HBA method. Wati et al. [7]
and Nurjannah and Safril [17] used the HBA method to
determine the amount of compensation.

Wati et al. [7] besides using HBA method for drought
occurrence also used correlation analysis to determine the
correlation between rainfall with paddy production and
paddy harvest area. Through HBA method, two
values/rainfall indexes were obtained, exit and trigger
indexes. Trigger index is the rate of rainfall as the
limitation to pay the insurance claims partially and exit
index is the rate of rainfall to pay the insurance claim fully.
Meanwhile, the period insured (window period) in the
research conducted by Wati et al. [7] was June through
September. According to Wati et al. [7], the longer the
window period, the bigger the climate index is and climate
index is local, thus local climate greatly determines climate
index value. Currently, research on agricultural insurance
includes climate change in its review of the calculation of
agricultural insurance premiums [16, 20].

Based on the description above, this research was
conducted to determine the premium rate and indemnity
rate in rainfall index-based agricultural insurance for
shallot in Brebes Regency, Central Java. The premium rate
was calculated using Black-Scholes equation for European
put option by type cash-or-nothing, while the indemnity
rate was calculated using HBA method referring to the
rainfall index. The close correlation between rainfall and
shallot production was the base to determine the rainfall
index used in this research. The research data were the data
of shallot production and rainfall ranging from 2018 to
2021. The data were secondary data obtained from Buku
Brebes dalam Angka 2019-2022 (Brebes Regency in
Figures 2019-2022) [31, 32, 33, 34, 35].

2. Materials and Methods

2.1. Index-based Agricultural Insurance

According to National Agency for Disaster Management
(Badan Nasional Penanggulangan Bencana - BNPB),
there is an increasing trend of disaster in Indonesia, 95% of
which is hydro-meteorological disasters including flood,
landslide, tornado, extreme weather and drought. Rainfall
is one important element of climate with a significantly
clear influence due to climate anomaly. The climate
anomaly occurrence in Indonesia evidently dominantly
influences agricultural production and food resilience [9],
such as crop failure due to drought (decreased rain below
normal) or flood (increased rainfall above normal). This
explains that rainfall plays a great role in the success of
agricultural system.

It is important to develop climate index insurance in dry
regions with crop agricultural land. Potential regions for
climate index-based insurance are areas prone to drought,
agricultural sector still serving as the people’s majority of
employment, and close correlation of climate occurences
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such as rainfall and plant production in such location.

Climate index is used in the agricultural insurance
concept due to the strong (high) correlation of climate
occurrence with plant loss occurrence. For example, shallot
production is greatly influenced by climate conditions.
Consequently, shallot production serves as one of the bases
in determining climate index-based insurance.

According to Boer [10], climate index insurance is an
insurance system that pays indemnity to policy holder in
case of unexpected climate conditions, without any proof
of crop failure. The indemnity payment policy in climate
index-based insurance is based on the objectivity of
climate index measurement, instead of the measurement of
real loss or damage suffered by the farmer.

2.2. Rainfall

According to Indonesia Meteorological, Climatological,
and  Geophysical Agency (Badan Meteorologi,
Klimatologi dan Geofisika — BMKG), rainfall is divided by
intensity characteristics, either hourly or daily. Table 1
presents the criteria of daily rainfall intensity from the
measurement data. Monthly rainfall in Table 1 is calculated
as accumulation and adjustment of column (2) by
multiplying it with 30. Daily rainfall classification is
needed related to the cap value calculated by 10-day period
(dasarian), while monthly rainfall is needed related to
shallot production as measured per monthly unit. Other
data classification can be obtained at [36].

Table 1. Daily and Monthly rainfall classification

Rainfall Daly Intensity Monthly Intensity
Classification (mm) (mm)
Very Light <5,0 <150
Light 5.0-20 150 - 600
Moderate/Normal 20.1-50 601 — 1500
Heavy 50.1-100 1501 — 3000
Very Heavy >100 >3000

Source: Indonesia Meteorological, Climatological, and Geophysical
Agency

2.3. Total Cost of Shallot Farming and Maximum
Indemnity

Indemnity (compensation or benefit), symbolized with Y,
means the amount of coverage given by insurer company to
participant that files a claim, if the claim is approved. In
Shallot Farming Insurance, maximum indemnity is
calculated as the total planting cost spent by a farmer from
the early process of planting to harvest, per hectare per
planting season.

Based on the calculation, the total cost of shallot farming
per hectare per planting season is IDR 46,110,734.71. This
amount consists of a variable cost of IDR 39,359,680.51
and a fixed cost of IDR 6,751,054.20. Therefore, the
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amount of maximum indemnity is P = IDR 46,110,734.71.
The amount of partial indemnity (Y) is calculated using
historical burn analysis (HBA) method.

Meanwhile, Razzianto et al. [28] found the number of
IDR 23,116,674.71 for the fried onion industry and IDR
44,242 ,628.19 for consumption.

2.4. Correlation Test

According to Sugiyono [11], the equation for calculating
the correlation coefficient of Pearson product moment is

hy = n> xiyi — (i N> vi)
Vs —(%?) b2 - (=% P)

where

(1)

Ixy correlation coefficient between X and Y
Xj : independent variable (rainfall)

Yi . dependent variable (shallot production)
N . dependent variable (shallot production)

If the correlation coefficient is close to +1 or -1, there is
astrong correlation between X and Y variables, while if
the correlation coefficient is close to 0, the two variables’
correlation is weak. Equation (1) is needed to determine the
index period that will be insured and the rainfall index
(window index) that will be used in the calculation.

2.5. Historical Burn Analysis Method

The historical burn analysis (HBA) method was
developed by IRI Colombia University. The HBA method
application depends on past data that are the key to
predicting future occurrence. The HBA method in this
research was the method for light rain cases (agriculture in
the dry season), thus the indemnity given in case of rainfall
was lower than the determined threshold (trigger index).

HBA method assumes that next year will look like one
of the past years [8]. Consequently, HBA method requires
available data of a relatively long time. The data available
are used to determine the trigger and exit as the climate
index serves to determine the amount of indemnity.
Rainfall used in determining trigger and exit index is the
total adjusted rainfall within one determined/chosen
insurance period (window period).

The analysis stages in HBA are [12]:

1. Determine cap value (Cqp ) for dasarian period

Cap value determination is related to daily
potential  evapotranspiration value [13] as
presented in Table 2. If the average
evapotranspiration value is 5 mm/day, cap value
(Cqp ) for a ten-day (dasarian) period is Cqp =5

mm/dayx 10 = 50 mm dasarian™.
2. Determine the period to be insured (window
period)
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Period to be insured, called window period, means

the time interval of one period of planting season in

monthly unit. This period is determined based on
two methods, as follows:

i. time interval with strongest correlation
coefficient between rainfall and shallot
production; and

ii. time interval self-determined by farmer based
on their experience in shallot planting.

3. Determine window index
When window period has been chosen/determined,
rainfall in the window period becomes window
index, and the values are symbolized with win.

4. Calculate monthly dasarian rainfall based on
window index.

Dasarian rainfaIIDj;j:1,23 in window period is
calculated monthly using equation (2):

n=10 n=20 n=30
Dy= > wig Dy = > win Dg= > win (2)
i=1 i=11 i=21

For month with 28/29 or 31days, D3 is calculated
until the last day of the month. If the_ window
period is over one month, the order J will be
continued with J =45,.... and for Dj with ]
being multiplication of 3, thus Dj is calculated
until the last day of the month.

Calculate monthly dasarian adjusted rainfall (total
adjusted rainfall)

Dasarian adjusted rainfall Dj. g 7 1=123,,.... is

calculated using equations (3) and (4)

If Dj<Cy,then Dj. g =Dj ;i=123,...  (3)

If Dj>Cap,then Dj;adj:Cap A

=123, “)

Based on equations (3) and (4), maximum value
Dj;adj is Cap-

6. Calculate annual total average dasarian adjusted

rainfall.
Total average value for total dasarian adjusted

rainfall annually Ry.aqj was calculated using

equation (5).

n

. Di.agi
Z -1~ J:adj
Ru;adj =+ ; ®)
where n: number of dasarian periods. Based on
equation (5), maximum Ry. adj = Cap

7. Arrange annual total average dasarian adjusted

rainfall Rk;adj of the lowest, resulting in Ry:aq; 0

with k =1,23,...

Determine exit value (E)

Exit value (F) is determined from the lowest value of
full indemnity payment for the first time. Exit value

(E) is the lowest Ry:agj value.

8.  Determine Trigger Value (G)
Trigger Value (G) is obtained as percentile value of

Ry:adj ™. The correlation between exit (E) and trigger
(G)value is E < G.

Table 2. Average Value of Potential Evapotranspiration (mm/day)

Temperature Average

Region Cold Moderate Warm
(~10°C) (~20°C) (>30°C)

Humid & sub-humid 2-3 3-5 5-7

Tropical and Subtropical

Dry & semi dry 2-4 4-6 6-8

Humid & sub-humid 1-2 2-4 4-7

Moderate
Dry & semi dry 1-3 4-7 6-9

Source: [13, 18]
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2.6. Determining the Amount of Indemnity by
Historical Burn Analysis Method

The amount of indemnity (Y) that will be received
depends on the exit, trigger and rainfall values when a
claim is filed, and the amount of maximum indemnity.
Maximum indemnity is measured as the cost needed to
plant shallot in one planting season. The claim is filed at a
point after harvest, but the rainfall proposed as the claim is
average rainfall throughout the window period. Figure 1 is
the concept of indemnity payment of rainfall index-based
agricultural insurance using trigger and exit values and
HBA method.

Based on Figure 1, the amount of compensation
(indemnity) (Y) is:

0 ; Rainfall > Trigger
Y =J0<Y <P ; Exit <Rainfall <Trigger (©)
P ; Rainfall < Exit

Based on Figure 1, maximum indemnity P is given is
rainfall is lower or equal to exit value. If rainfall is getting
closer to Trigger Value (increasing), the amount of
indemnity will get decreasing, until when rainfall is higher
than or equal to trigger, the amount of indemnity is zero
Rupiah. Thus, trigger is the trigger rainfall which for the
first time causes indemnity payment, while exit is rainfall
which causes maximum indemnity.

Figure 1 is the illustration of indemnity payment in case
planting is performed in dry season. Based on equation (6),
indemnity will be given if rainfall is smaller or equal to
rainfall as agreed to be trigger. The amount of adjusted
indemnity Y with Figure 1 for the case exit < rainfall <
trigger is calculated using linear interpolation. The result is
given in the following equation:

v Trlgg_er - Ralnf all <P
Trigger — Exit

where P = IDR 46,110,734.71.
In Figure 1, for the case exit < rainfall < trigger, a linear
equation stating the amount of indemnity can be found

(7

A

Determination of the Amount of Premium and Indemnity in Shallot Farming Insurance

through linear function equation formula in case two points
are known, that is Equation (8).

YY1 _
Yo—W1

Determining indemnity as linear function is based on the
premise of ease in systematic calculation.

X—X]_
X2 — X

®)

2.7. Determining Premium Rate Based on Put
Cash-or-Nothing Formula

The results of season index calculation such as exit value,
trigger value, first and last data of total average dasarian
adjusted rainfall, besides used in calculating the amount of
compensation using HBA method, is also used to calculate
premium rate charged to farmer. Premium rate (/7) is
calculated using option equation put cash or nothing in
European type option using formulas (9) and (10). The
derivation of equation (9) is available in [29].

7=Pe""N(-d,) 9)
where
S 2
In(oj—(ngT
gL 2) (10)
oT
and
maximum indemnity
r : risk free interest rate
T : length of the insured planting period
(window period)

N(-d,) probability value (~d,) based on the
standard normal of the cumulative
distribution function

So . the first adjusted mean baseline rainfall
K . trigger value (G) on HBA method

standard deviation

Figure 1.

»  Rainfall

praey
g )y

=

= 100%

=

=

=}

:E Area 1

E 50% + Full Indemnity

P,

=

=

< Area 2 Area 3

; Partial No Compensation
"g’ | Indemnity

S 0% . _ S

= ExitE Trigger G

-

Concept of Compensation Payments on Climate Index-Based Agricultural Insurance
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3. Research Method

3.1. Data

The data used in this research were primary and
secondary data, as follows: (1) rainfall, (2) shallot

production, and (3) production cost for one planting season.

The primary data were in the form of production cost for
one planting season collected from the research location in
shallot farming land in Brebes Regency.

The secondary data were: daily rainfall data in four years
from March 2018 to February 2022 obtained from spread
location points of rainfall measuring station in Brebes
Regency; and quarterly shallot production from Quarter |
of 2018 to Quarter 111 of 2022.

3.2. Research Step

This research started with a literature study on
agricultural insurance and also historical burn analysis
method, the Black-Scholes equation, and then the option
equation put cash-or-nothing. This was followed with data
collection: shallot monthly production data from
https://dpkp.brebeskab.go.id/data-produksi-bawang-merah
/ and daily rainfall data from Buku Brebes dalam Angka
2019-2022 [31, 32, 33, 34, 35]. The data obtained were
changed into quarterly data since shallot harvest season in
Brebes Regency was divided into 3: March to June, July to
October and November to February.

The next was a correlation test using equation (1) to see
whether the shallot production and rainfall data were
correlated. The period to be insured (window period) was
determined based on the biggest and positive correlation
coefficient value. The next was determining cap value,
calculating dasarian rainfall of the period to be insured
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using equation (2), determining adjusted rainfall using
equations (3) and (4), calculating total average dasarian
adjusted rainfall for each year using equation (5) and
arranging total average dasarian adjusted rainfalls (annual)
from smallest to biggest.

The next step was determining Trigger Value (G) and
exit value (E) and performing a lognormal distribution test
to find out whether the data population was lognormal
distributed or not. The next was determining the amount of
premium to be paid by the insured with the option to put
cash or nothing of European type using equation (9). The
last step was calculating the amount of indemnity using
equations (7) or (8).

4. Results and Discussion

4.1. Results

4.1.1. Quarterly Data of Shallot Production and Rainfall

This research used secondary data of shallot monthly
production in Brebes Regency from 2018 to 2021, and
secondary data of daily rainfall in Brebes Regency from
2018 to 2021. These types of data were used in parallel
research on time period. These types of data were changed
into monthly data of shallot production and rainfall for
compatible  period classification between shallot
production and rainfall data.

The calculation for quarterly data was conducted by
summing the shallot monthly production data and daily
rainfall data. The result of calculation of quarterly shallot
production and rainfall data in Brebes Regency in the
period from April 2018 to March 2021 can be observed in
Table 3.

Table 3. Shallots Production (quintals) and Rainfall (mm) per Quarter

Shallots Production (quintals) Rainfall (mm)

Quarter 2018 2019 2020 2021 2018 2019 2020 2021
Quarter | (Mar-Jun) 796,831 912,573 612,104 1,133,163 176153 1475 2202 800
Quarter I (Jul-Oct) 1103554 854,623 1310150 1216388  64.133 58 614 340

Quarter Il (Nov-Feb) 1,324,705 1,203,867 1413061 1005582 245453 2756 2776  2963.43
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4.1.2. Determining Window Period and Window Index

Window period or period to be insured was determined
based on quarterly rainfall data with the strongest
correlation with shallot quarterly production data. The
correlation coefficient value was calculated using equation
(8) and the result can be observed in Table 4.

Table 4. Correlation Value of Rainfall and Shallot Production

Shallot Production

Rainfall Quarter | Quarter Il Quarter 111
(Mar-Jun) (Jul-Oct) (Nov-Dec)
((lgllu;r-t\]eljnl) -0.9976 0.1961 -0.7585
Bay o o o
(Q’\lllg\flteFfe't:)' 0.5155 0.2321 0.74399

Based on Table 4, the correlation of rainfall data in
quarter 1 on shallot production data in quarter | had a value
closest to 1, that was 0.9976. Therefore, quarter I from
March to June was chosen as the window period. Negative
mark shows that increased rainfall caused reduction of
shallot production. Furthermore, rainfall data serving as
window index were rainfalls which fell into window period
category, which were daily rainfall from March to June
each of the years in this research. In calculation, the data
will be displayed as dasarian rainfall data. Correlation
coefficient 0.9976 means that the correlation between
rainfall variable and shallot production variable is very
strong. Therefore, insurance can be implemented.

4.1.3. Determining Cap Value

Brebes Regency has daily average temperature ranging
from 23.42 — 24.80°C and daily average humidity ranging
from 87.8 — 89.6%. As part of Indonesia that is located on
the equator, Brebes is classified as a tropical/sub-tropical
region with humid category.

Based on Table 2, the average daily potential
evapotranspiration value of Brebes is 5 mm/day. The cap
value for a ten-day (dasarian) period is Cg, 50 mm

dasarian that is obtained from multiplication 5 mm/day

with 10 days.

4.1.4. Calculating Dasarian Rainfall and Dasarian
Adjusted Rainfall

This research used a window period (insured period) of
quarter 1 (March to June). Rainfall data from March to June
2018, 2019, 2020 and 2021 were used as the window index
calculated as rainfall for a ten-day (dasarian) period.
Meanwhile, the cap value for a ten-day (dasarian) period
in this research was 50 mm per dasarian.

Dasarian calculation was conducted only for daily
rainfall serving as a window index, which was rainfall from
March-June in the years of research (2018-2021). Each
month was divided into three dasarian. Dasarian 1 (Dy)
was calculated for the first ten days, and so forth. Based on
equation (2), D1, D,, and D5 for March 2018 were obtained.
Complete results of calculation of dasarian rainfall Dj. 5

; 1=123,,.... are presented in Table 5.
n=10

D, = Zwir] =9.56+10.87 +....+24.08 + 67.56 = 266.72
i=1
n=20

D, = > win =65.78+8.95+...+10.27 +11.28 = 217.67
i=11
n=30

D; = Zwir‘; =11.96+12.89 +....+12.88+19.23 = 350.48
i=21

The rainfall data calculated in a ten-day period (Dj)
were then adjusted to cap value based on equations (3) and
(4). This resulted in dasarian adjusted rainfall (Dj, ;) as

presented in Table 5.

4.1.5. Arranging Total Average Rainfall Annually

Adjusted rainfall data with cap value is summed
annually and the average value is calculated using equation
(5). For example, total average dasarian adjusted rainfall

for 2018 is symbolized with Ry:aqj is

50 +50 +....+47.02 + 44.97 + 28.94
12

=47.58

Riadj =
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Table 5. Data of Dasarian Rainfall (D i ) and Adjusted Dasarian Rainfall (D i 'adj) per Window Period (March — June)

Month/Year j Dj Djiagj Month/Year i Dj Dj; aj
March/2018 1 266.72 50 March/2020 1 280 50
2 217.67 50 2 278 50
3 350.48 50 3 434 50
April/2018 4 205.64 50 April/2020 4 212 50
5 177.19 50 5 205 50
6 141.10 50 6 252 50
May/2018 7 134.52 50 May/2020 7 107 50
8 69.23 50 8 140 50
9 78.05 50 9 106 50
June/2018 10 47.02 47,02 June/2020 10 66 50
11 4497 4497 11 80 50
12 28.94 28,94 12 42 42
March/2019 1 277 50 March/2021 1 158 50
2 187 50 2 149 50
3 70 50 3 82 50
April/2019 4 341 50 April/2021 4 01 50
5 266 50 5 66 50
6 57 50 6 49 49
May/2019 7 185 50 May/2021 7 26 26
8 59 50 8 26 26
9 0 0 9 30 30
June/2019 10 33 33 June/2021 10 42 42
11 0 0 11 35 35
12 0 0 12 36 36

The results of calculation of total average dasarian
adjusted rainfall annually are presented in Table 6.

Table 6. Average Total of Adjusted Dasarian Rainfall

Year 2018 2019 2020 2021

k 1 2 3 4

Average (Ry:adj ) 4758 3608 4933 4117

Data in Table 6 were then sorted in order from smallest
data, resulting in total average dasarian adjusted rainfall in
ascending order in Table 7.

Table 7. Average Total of Ascending Adjusted Dasarian Rainfall

Year 2019 2021 2018 2020

Kk 2 4 1 3
Sorted Average Ry.agy T 36.08 4117  47.58  49.33

4.1.6. Determining Trigger Value

Exit value (E) is the smallest data of total average
dasarian adjusted rainfall data. Based on Table 6, exit

value is the smallest Ry.aqj value, that is E = 36.080.
When Table 7 is used, exit value shall be the first order in
the composition of (m) values.

Trigger Value (G) is determined as percentile of

Rl;adj values, that is total average dasarian adjusted
rainfall annually, from the smallest data as percentile 0 and
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the biggest data as percentile 100. The results are available
in Table 8. For example, trigger for percentile 5 is 36.743

and trigger for percentile 10 is 37.405.

Table 8. Trigger and Exit Value for 0*' to 100" Percentiles

Percent Trig Percent Trig Exit
0% 36.080
1% 36.213 19% 38.598
2% 36.345 20% 38.730
3% 36.478 25% 39.393
4% 36.610 30% 40.055
5% 36.743 35% 40.718
6% 36.875 40% 41.380
7% 37.008 45% 42.043
8% 36.080 50% 42.705
9% 37.273 55% 43.368

10% 37.405 60% 44.030
11% 37.538 65% 44.693
12% 37.670 70% 45.355
13% 37.803 75% 46.018
14% 37.935 80% 46.680
15% 38.068 85% 47.343
16% 38.200 90% 48.005
17% 38.333 95% 48.668
18% 38.465 100% 49.330
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The bigger the percentile chosen, the higher the Trigger
Value will be. Meanwhile, the correlation between exit
value and trigger value is that exit value is percentile 0 of
Trigger Value.

4.1.7. Normality Test

The test is used to observe whether log-natural data of
quarterly Il are normally distributed or not. Normality test
is conducted as a requirement for using Black-Scholes
equation (formula) in premium calculation. The test is
conducted using Adjusted Jarque-Berra (AJB) test at a
significance level a = 5%. This test presents p-value =
0.211 thus natural logarithmic of the data of quarterly Il are
normally distributed. This means that the Black-Scholes
formula can be used to calculate premium rate.

4.1.8. Calculating Premium Rate using Put
Cash-or-Nothing Options Formula

Premium rate is calculated using the put cash-or-nothing
options formula in equation (9). The data were changed
into quarterly data thus period T = 0.33. This research
used interest rate i = 4.625% = 0.04625 thus risk-free
interest rate was r = In(L+i)=0.04521

The values of zand & that are estimated mean and
variance of the lognormal distribution are calculated using
the last rainfall value Rp = 41.17 mm and first rainfall
value Ry =47.58 mm that are available in Table 6.

i=—In L 1(— 0144702669 ) = —0,0482324223
n-1 \R ) 3

- 1 = _ 1
5= \/H(ZEﬂ(Rk;adj —y)zj - \/1(0’200105494)
= 0,223665762

The value dy is calculated using equation (10) with

So=Rn = 41.17 (last data in Table 6), strike price K
replaced with trigger G of which value depends on the

percentile chosen, (r +§j =z and o=5. The value of

dy for the fifth percentile is

In(4L17 ). (— 0048234223 )0.33)

dy.q.05 = — 28743
T (0.223665762 )v/0.33
=0.909546065

Equation (9) is used to calculate premium rate. The
amount of premium of rainfall index-based agricultural
insurance at percentile 5 with P= IDR 46,110,734.71,
T =033 and N(-0909546065 )=0.18153098 is

I, 45 = Rp46,110,7 34.71 x e 204521033 . 018153098
= Rp8,246 571.42

Premium calculation for the other percentile can be
observed in Table 9.
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Table 9. Premium Rates for 1* to 100" Percentiles

Percent Trig (G 17
a (nfrr(v) % N(_dZ) (ID:)
1% 36.213 1.0395 0.14929312  6,782,073.10
2% 36.345 1.0068 0.15701267  7,132,756.06
3% 36.478 0.9743 0.16496074  7,493,820.20
4% 36.610 0.9419 0.17313460  7,865,141.50
5% 36.743 0.9095 0.18153098  8,246,571.42
6% 36.875 0.8774 0.19014613  8,637,939.61
% 37.008 0.8453  0.19897580  9,039,052.98
8% 37.140 0.8133  0.20801524  9,449,695.77
9% 37.273 0.7815 0.21725925  9,869,631.74
10% 37.405 0.7498 0.22670213  10,298,601.96
11% 37.538 0.7181 0.23633774  10,736,327.50
12% 37.670 0.6866 0.24615952  11,182,510.35
13% 37.803 0.6552 0.25616046 11,636,832.07
14% 37.935 0.6239 0.26633319  12.098,957.84
15% 38.068 0.5928 0.27666993  12,568,534.24
16% 38.200 0.5617 0.28716255 13,045,191.95
17% 38.333 0.5307 0.29780259  13,528,546.63
18% 38.465 0.4999 0.30858129  14,018,200.35
19% 38.598 0.4691 0.31948959  14,513,741.53
20% 38.730 0.4385 0.33051819  15,014,747.68
25% 39.393 0.2868 0.38712531  17,586,290.33
30% 40.055 0.1377  0.44524447  20,226,521.79
35% 40.718 -0.009 050359114  22,877,088.55
40% 41.380 -0.153  0.56092765  25,481,765.86
45% 42,043 -0.295 0.61613636 27,989,781.68
50% 42.705 -0.435  0.66827534  30,358,346.11
55% 43.368 -0.573 0.71661345  32,554,245.00
60% 44,030 -0.708  0.76064469  34,554,491.82
65% 44.693 -0.842  0.80008384  36,346,129.63
70% 45.355 -0.973 0.83484720 37.925,356.11
75% 46.018 -1.103  0.86502294  39,296,176.65
80% 46.680 -1.231  0.89083564  40,468,793.43
85% 47.343 -1.357  0.91260927 41,457,923.74
90% 48.005 -1.481 0.93073173  42,281,189.07
95% 48.668 -1.604 0.94562349  42,957,690.47
100% 49.330 -1.725 095771161  43,506,828.39

At percentile 0, Trigger Value is equal to exit value. In
this condition, a claim will be paid with full compensation.
At percentile 1, partial compensation is paid if rainfall
ranges between exit value E = 36.080 and trigger G =
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36.312 mm. This means that the chance of partial
compensation is 1%. This way, percentile o states the
chance of obtaining partial compensation for o %.
Premium increases in line with the increase in percentile.
Premium increase will lead to (come near to) maximum
indemnity. Calculation results show that the smallest
premium is IDR 6,782,073.10 or 14.71% of the maximum

indemnity. The amount of premium rate depends on d,

value. The bigger the do value, the smaller the N(— dz)
value will be, thus premium rate will be smaller.

4.1.9. Calculating the Amount of Indemnity

Maximum indemnity is the amount of coverage P = IDR
46,110,734.71. Meanwhile, another indemnity is set forth
referring to equation (5), as follows:

i. ifrainfall is less than exit, full indemnity of P will be
given.

ii. if rainfall is bigger or equal to the trigger, there is no
indemnity given; and

iii. if rainfall is between exit and trigger, partial
indemnity will be paid of which amount is calculated
using equations (7) or (8).

At percentile 5, the premium rate is IDR 8,246,571.42.
For percentile 5, the Trigger Value is G = 36.743 mm. With
exit value E = 36.080 mm and rainfall 36.100 mm, the
amount of indemnity is calculated using equation (7),
which is IDR 44,719,762.32.

_ Trigger —Rainf all p
Trigger — Exit
~ 36.743-36.100

~ 36.743—36.080
= IDR44,719,762.32

Y

«IDR46,110,734.71 (11

If rainfall is 36.700 mm, the indemnity is IDR
2,990,590.64.
v :Trlgqer—Ralnf all p
Trigger — Exit
_36.743-36.700

~ 36.743—36.080
= IDR2,990,590.64

xIDR46,110,734.71  (12)

The complete results of the indemnity calculation are
presented in Table 10 column (6). The indemnities in Table
10 column (7) are equation (13)

y = 2,555,424 ,925.26 — 69,548 ,619.47 X (13)

resulted from equation (8) with (Xq,y1) = (36.08 ;
46,110,734.71) and (Xl,yS =(36.743;0)

The next is the calculation for percentile 10. The results
are available at the bottom of Table 10. The indemnities in
Table 10 column (7) at the bottom is equation (14)

y =1301,714,741 — 34,800,554 5x (14)

obtained from equation (8) with (X1,Y1) = 36.08 ;
46,110,734.71) and (Xl,yl) =(37.405; 0). The results of
the calculation in columns (6) and (7) give an almost equal
number for the two percentiles.

In Table 10, the amount of indemnity can have a bigger
or smaller value than the premium paid. In Table 10
columns (6) and (7) there is a differentiation in which paler
color refers to indemnity bigger than premium.
Mathematically, we can build an equation to determine the
rainfall, thus the amount of indemnity is equal to or bigger
than the premium paid, for the respective percentile. Such
rainfall is called threshold rainfall.

In Table 10, premium calculation is illustrated only in
percentiles 5 and 10. Premium calculation for other
percentiles is not performed. Without prejudice to the
generality of illustration, Trigger Value can be predicted to
be bigger in line with the higher percentile. Meanwhile,
exit value is made equal for all of the percentiles used.
Graphics of premium rate and amount of indemnity for
each percentile are presented in Figure 2, which are
graphical presentations of the data in Table 10 with
additional percentiles 15 and 20.

Full indemnity value is shown by lower rainfall rate than
exit value. Referring to Figure 2, for percentile 5%
indemnity is paid if rainfall is lower than 36.743 mm and
paid in full if rainfall is less than 36.080 mm. If rainfall
during the dry season ranges between 36.080 mm and
36.743 mm, the amount of coverage is only paid partially
in line with the proportion of rain in that dry season.

In Figure 2, trigger G = 36.743 mm is obtained for
percentile 5" with premium rate IDR 8,246,571.42 as
shown with a yellow dot. Maximum indemnity is given if
rainfall is less than exit value E = 36.080 mm. If rainfall
ranges between exit and trigger, linear descending
indemnity is given and finally, there is no indemnity if
rainfall is over Trigger Value. At the blue dot, the amount
of indemnity obtained is equal to the premium rate paid.
The same analysis applies to percentiles 10, 15, 20 and
other percentiles.
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Table 10. Premium Rates and Compensation Rates for the Sth and 10th Percentiles
ot POy T e ey ey

(@) @ () ® (©) ®) Q)
36.0800 46,110,734.71 46,110,734.78
36.1000 44,719,762.32 44,719,762.39
36.2500 34,287,469.40 34,287,469.47

5% 8,246,571.42 36.080 36.743 36.5000 16,900,314.53 16,900,314.61
36.7000 2,990.590.64 2,990,590.71
36.7250 1,251,875.15 1,251,875.22
36.7430 0 0.07
36.0800 46,110,734.71 46,110,734.64
36.1000 45,414,723.62 45,414,723.55
36.2500 40,194,640.45 40,194,640.38
36.5000 31,494,501.82 31,494,501.75
36.7000 24,534,390.92 24,534,390.85

10% 10,208.601.96 36,080 37,405 36.7250 23,664,377.06 23,664,376.99
36.7430 23,037,967.08 23,037,967.01
36.7500 22,794,363.20 22,794,363.13
37.0000 14,094,224.57 14,094.224.50
37.2500 5,394,085.95 5,394,085.88
37.4000 174,002.77 174,002.70
37.4050 0 -0.07

In the indemnity determining model using HBA method,
it is possible that indemnity is lower than the premium rate
paid. In another model, the amount of indemnity is
calculated as equal if rainfall is less than Trigger Value and
there is no indemnity if the rainfall is over Trigger Value.
Consequently, in this model, there is no exit value. In this
model, the premium rate keeps changing in line with the
percentile used, in which the bigger the percentile, the
higher the premium rate is.

In HBA method, if all dasarian rainfalls are bigger or
equal to the cap value, exit and trigger values will be at one
and the same point, and the value is equal to cap.
Consequently, any claim will be given with maximum
indemnity.

4.2. Discussion

Referring to the calculation results presented in Table 10,
premium rate increases in line with increase in percentile.
Figure 2 presents the graphics of increase in premium rate
in green. Dots along sloping line under premium rate
graphics show that indemnity is lower than the premium
rate.

In all calculations, the same exit value is used, that is the

lowest rainfall. The fifth percentile means that insurance
participants will obtain indemnity if rainfall is lower than
or equal to rainfall trigger at fifth percentile. For higher
percentile, the Trigger Value will be higher, thus the range
to obtain indemnity is wider. In other words, increase in
percentile will have rainfall value increased. Therefore, the
chance to obtain indemnity will be higher if percentile is
increased. On the other hand, increase in percentile will
lead to bigger premium rate.

In European type option, execution is performed on the
last day of life option period (expiration date). Application
in filing claim can be made the same way that rainfall is
determined on the last day of insurance contract, or is
calculated as average rainfall along insurance contract
period. If the result obtained is lower than trigger,
indemnity will be given.

Calculation results show that the lower the rainfall or
rainfall closer to exit value, the bigger the amount of
indemnity will be. During planting season in dry season, if
rainfall is over Trigger Value, the possibility of crop failure
is quite low due to sufficient water available. Therefore, if
rainfall is over Trigger Value, thus there is indemnity
given.
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Indemnity/Premium

T

46.110.734.71

8.246.57

51782.073

0 E=36.08D

G=36.213 (19

G'= 36.743 (5M)

G =37.405 (10%)

< 3R NAR (15 Rainfall (mm)
Ll

G =38.730 (20%)

Figure 2. Compensation and Premium Rates for the 1st, 5th, 10th, 15th and 20th Percentiles

In Figure 2, increase in percentile will shift straight line
with negative inclination rightward. Consequently, the size
of area under horizontal line and straight line with the
negative inclination becomes bigger. This shows bigger
chance of claim. Therefore, percentile 5 states that the
chance of rainfall less than Trigger Value 36.743 mm is
0.05. The other definition is that percentile «
(0<a<100) states that the chance of obtaining partial
compensation is a %.

The condition of rainfall under Trigger Value shows
existing claim and indemnity payment by insurer company.
Thus, percentile a with 0<a<100% states that the
chance insurance company pays indemnity is « . Total
indemnity paid is area size limited by axis- X , axis-y, and
two lines are y=2555,424,925.26 -69,548,619.47x in
equation (13) and y = 46,110,734.71. The area formed is
rectangular and triangle with total area size stating total
indemnity paid by insurance company, as follows:

Total indemnity
=(IDR46,110,734,71x36.080) +

(% -0,663- Rp46,110,734.71)
=IDR1,663,675,288.85+ IDR15,285,708.56
=1DR1.678,960,994.41

The calculation results state that the chance insurance

company pays indemnity for IDR 1,678,960,994.41 is 0.05.

Furthermore, for a premium rate of IDR 8,246,571.42
minimum number of participants is 204 people. The bigger
the percentile, the higher Trigger Value will be.
Consequently, the total indemnity will be bigger.

5. Conclusions

The issue often faced by farmers is declining purchase
prices during harvest. For this case, there is a need to

design insurance based on the selling price index during
harvest. If during harvest selling price is higher than a
certain price index, shallot farmers will obtain indemnity
from their insurance.

HBA method is suggested for use in areas with limited
available information of climate parameter data. A long
period of data is greatly needed for an overview of the
pattern which is more representative for all extreme
climate conditions or occurrences, especially drought.
Rainfall-based climate index insurance can be taken as one
of farmers’ adaptation measures in maintaining paddy
production stability, especially in the dry season.

Besides HBA, the correlation between climate and crop
production can also be reviewed through regression
equations and correlation. The concept of indemnity
calculation using HBA method can be developed for
excessive rainfall case. For this case, call cash-or-nothing
options are used for premium calculation. The established
model certainly can be used for other commodities to
design farming insurance for corn, coffee, tobacco, etc.

In this scheme, farmers obtain indemnity payment that is
not bound by actual harvest yield but based on time and
climate parameter index (rainfall) measured by the local
meteorological  station. This will reduce claim
administration costs by harvestable land size. However, the
risk is that when farmers have crop failure they may likely
not obtain indemnity. Therefore, other schemes need to be
developed to attract farmers.

The benefit of this research for farmers participating in
agricultural insurance is that it can protect the economic
loss they suffer due to climate disaster risk. For insurance
companies, this can be taken as guidelines on the
identification and evaluation of impacts of climate risk,
thus the companies can financially project whether this
insurance is feasible to market or not.

The advantage of climate index-based insurance is that it
can accelerate farmers’ receipt of adaptation technology or
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climate
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forecast information integration in

decision-making. Some challenges to be faced in
developing climate index insurance in this region is the
availability of climate index data. One thing to pay
attention to is that numbers are very sensitive, which can
generate a very high premium rate.
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