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Abstract: This study aimed to predict the JKII (Jakarta Islamic Index) price as a price index of sharia
stocks and predict the loss risk. This study uses geometric Brownian motion (GBM) and Value at Risk
(VaR; with the Monte Carlo Simulation approach) on the daily closing price of JKII from 1 August
2020–13 August 2021 to predict the price and loss risk of JKII at 16 August 2021–23 August 2021. The
findings of this study were very accurate for predicting the JKII price with a MAPE value of 2.03%.
Then, using VaR with a Monte Carlo Simulation approach, the loss risk prediction for 16 August 2021
(one-day trading period after 13 August 2021) at the 90%, 95%, and 99% confidence levels was 2.40%,
3.07%, and 4.27%, respectively. Most Indonesian Muslims have financial assets in the form of Islamic
investments as they offer higher returns within a relatively short time. The movement of all Islamic
stock prices traded on the Indonesian stock market can be seen through the Islamic stock price index,
namely the JKII (Jakarta Islamic Index). Therefore, the focus of this study was predicting the price
and loss risk of JKII as an index of Islamic stock prices in Indonesia. This study extends the previous
literature to determine the prediction of JKII price and the loss risk through GBM and VaR using a
Monte Carlo simulation approach.

Keywords: Sharia investment; Jakarta Islamic Index (JKII) price; loss risk; geometric Brownian
motion; Value at Risk

JEL Classification: G17; G32; H54

1. Introduction

As the largest Muslim country globally, Islam teaching underlies Indonesian activities
to fulfill their necessities of life and prepare for a better future, an investment. According
to Chabachib et al. (2019), Pamungkas et al. (2018) and Tandelilin (2017), an investment
is a commitment of some funds or other resources used for certain businesses at present,
with the intention to obtain profits in the future. Profits gained from an investment can be
cash receipts (dividends) or an increased investment value (capital gains) (Lusyana and
Sherif 2017). From the perspective of Islam, a good investment is an investment made
based on Islamic law, and the activities carried out are not prohibited (haram). Investment
based on Islamic law is known as Sharia investment (Alam et al. 2017). In practice, there
are two forms of Islamic investment that investors may choose: tangible assets (real assets)
and financial assets. In recent years, Islamic investments in financial assets tend to be
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more attractive to investors in Indonesia than real investment because Sharia investment in
financial assets offers many benefits that may be greater than investing in tangible assets
without violating Islamic Sharia (Toto et al. 2020).

One type of Sharia investment in financial assets is sharia shares. According to Aldiena
and Hanif al Hakim (2019), sharia shares are shares of a company with a line of business
that does not conflict with Sharia principles. In Indonesia, Islamic stock trading is centered
on the Indonesia Stock Exchange (IDX) as the official capital market recognized by the
Indonesian government Rosalyn (2018) with several advantages and the potential for greater
profits than investing in tangible assets, Islamic stock investments are increasingly attracting
investors in Indonesia. The capitalization value of sharia shares on the Indonesia Stock
Exchange increases every year. In 2015, the total market capitalization of sharia shares on
the IDX was IDR 1737.23 trillion. Each year, the average increase was 3.955% until 2020,
while the market capitalization of sharia shares was IDR 2058.77 trillion (OJK 2021). The
price movements of sharia shares traded on IDX Indonesia can be seen through the sharia
share price index, namely the Jakarta Islamic Index (JKII). The value of the JKII, in particular,
provides investors with the performance of Islamic stocks at a specific time, such as price
movements and fluctuations, and profit levels. If the JKII is following a rising trend, the
prices of Islamic shares on the IDX increase, and vice versa. In addition, JKII can also be used
as a benchmark for stock portfolio performance. To analyze the stock price index, one of
the quantitative models used to model and predict the stock price index value is geometric
Brownian motion (GBM), a developed model first introduced by Louis Bachelier in the
early 1900s to predict stock prices (Islam and Nguyen 2020). In the GBM model, the return
value of the stock price index successively in a certain period is mutually independent and
normally distributed. In other words, if the return data are not mutually independent and
normally distributed, then this model cannot be used for prediction. According to Estember
and Maraña (2016), there are two parameters in the GBM model called the volatility and
drift parameters, which have constant values.

The consideration of the risk of loss that might occur at any time should be taken
into account. Every investor needs to prepare an accurate risk management strategy to
anticipate the risk of loss to prevent the investment from having a severe impact (Richter
and Wilson 2020). To do so, investors must quantify the possible value of the risk of
loss (Jacxsens et al. 2016) using a model, such as Value at Risk (VaR). VaR calculates the
prediction of the maximum loss that will occur during a holding period with a level of
confidence that can be determined according to the needs of investors (Le 2020). Studies
on modeling the JKII price index to predict future prices have been conducted for a few
years and it is hypothesized that the current JKII price is a linear combination of the white
noise process from the previous periods. Based on this hypothesis, the JKII price was
modeled and predicted using the first-order moving average (MA) model. The results
showed that the first order of the M.A. model is accurate for the prediction of the JKII
price index with a mean square error (MSE) value of 5.267. In January 2013–February
2014, the variance of JKII prices was heteroscedastic. So, applied the Autoregressive
Integrated Moving Average-Generalized Autoregressive Model was applied (ARIMA-
GARCH). The conditional heteroscedasticity (ARIMA-GARCH) model predicts JKII prices
for the March 2014 period. The GARCH modeling begins with ARIMA modeling. Based on
the Akaike information criterion (AIC) value, the best ARIMA model was ARIMA (0,1,1)
with AIC − 4.94. The modeling continued by forming the GARCH model. The GARCH
(2.1) model was chosen as the best model with AIC − 5.30. The prediction results obtained
had an error value of 2.1%.

Meanwhile, Hanurowati et al. (2016) used the vector autoregressive exogenous (VARX)
model to model the JKII price. The external factors considered to affect the price of JKII
are the Indonesia Composite Index (ICI) price and the global price of Brent crude oil. The
selected VARX model for modeling was VARX (1,1). The residual of the VARX (1,1) model
satisfied the white noise assumption and followed a normal distribution; therefore, the
prediction results with the mean absolute percentage error (MAPE) for JKII prediction were
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very accurate, at 3.63%. During the last ten years, research into the prediction of the risk of
loss of the JKII price index in Indonesia has never been carried out, however, it only focuses
on certain stocks that are included in the category of sharia shops, such as the research
conducted (Faturrahman et al. 2021) on the risk of loss using the JKII price index as an
observation variable. By knowing the predicted loss on the JKII price index, the estimated
loss of all sharia shares that have been listed on the Jakarta Islamic Index can be identified.

Most previous studies discussed JKII price prediction and modeling based on the
correlation between the current price index value and the previous one. Given this reality,
this study promoted alternative price prediction and modeling of JKII using the GMB
model. This model assumed that the past JKII price index return data were mutually
independent and normally distributed. The prediction of the risk of loss of the JKII price
index was developed using the Value at Risk (VaR) model with a Monte Carlo simulation
approach to obtain an estimated loss of all sharia shares listed on the JKII. The study
aimed to analyze the JKII as an Islamic stock price index listed on the Indonesia Stock
Exchange. This analysis includes price index predictions and JKII risk loss predictions.
So far, no studies have examined this issue. Information about future price movements
and the value of the risk of loss is very important for investors and companies listed
in the JKII. This information can be used as a reference for investors before deciding to
invest. Furthermore, for companies, this information can be used as a reference to improve
company performance.

The analysis determined the value of JKII using the GBM model and testing the
prediction accuracy using MAPE. After obtaining the predictive value, the predicted value
of JKII is used to measure the prediction of losses using the VaR method. The data used are
the daily closing price of JKII from 1 August 2020–13 August 2021. The data were obtained
through the Yahoo Finance website. The results of this price prediction and risk of loss
are expected to be an accurate reference and consideration for investors who will use their
funds to invest in Islamic stocks traded on the IDX.

The rest of this paper is divided into four sections: the literature review is outlined in
Section 1: Introduction, Section 2: Methodology, Section 3: Result, and Section 4: Conclu-
sions is given in the last section.

2. Methodology
2.1. JKII Price Index Modeling and Prediction Using Geometric Brownian Motion (GBM) Model

GBM is a quantitative model utilizing the return value to model for the prediction
of the JKII price index in the coming period (Sonono and Mashele 2015). Before using
the GBM model, the return value of the JKII price index had to be determined. On the
supposition that St and St−1 were the JKII price index at times t and t−1, respectively, then,
the return value of JKII at time t (denoted by Xt) is obtained through the following equation
(Siddikee 2018):

Xt = ln
(

St

St−1

)
(1)

After obtaining the return value, a data normality test should be done using several
methods, including Kolmogorov–Smirnov, Jarque–Bera, or Anderson–Darling test (Mishra
et al. 2019). If the return data followed a normal distribution, the analysis was continued to
the next stage; otherwise, it was not continued. According to (Azizah et al. 2020), the GBM
model is composed of two parameters, namely the average (µ) and volatility (σ) return. So,
after completion of the normality test, the next step was to calculate the values of µ and σ.
The equation used to obtain the value of µ was as follows:

µ =
1
N

N

∑
t=1

Xt (2)
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In Equation (2), N is the number of sample data used. The measurement of the value
of σ was carried out using the following equation:

σ =

√√√√ 1
N

(
N

∑
t=1

(Xt − µ)

)
(3)

In the GBM model, µ and σ are two critical parameters because they build the model
used to predict the price index. For the JKII price index recorded on a daily time basis, the
GBM model used for price prediction is given in the following equation (Si and Bishi 2020):

St+1 = St exp
((

µ− 1
2

σ2
)

∆t + σ
√

∆tZt+1

)
(4)

Information:

St+1: the price of JKII index at time (t + 1);
St: the price of JKII index at time t;
M: the mean of JKII in sample return;
σ: the volatility of JKII in sample return;
σ2: the variance of JKII in sample return;
Zt+1: Standard Normal distributed numbers for the (t + 1) period;
i = 1, 2, L;
L: the maximum period for which will predict the value;
∆t: time change. In this study, since the JKII price index was recorded daily, the value ∆t is
one time/period change.

2.2. Prediction Accuracy Test

According to (Abidin and Jaffar 2014), MAPE is a commonly used method to evaluate
the predicted value by considering the effect of the actual value. The calculation of the
MAPE value is as follows:

MAPE =

(
1
L

L

∑
t=1

∣∣∣∣∣St − Ŝt

St

∣∣∣∣∣
)
× 100% (5)

Information:

St: actual JKII price index at time t;
Ŝt: JKII price index prediction at time t.

According to Kim and Kim (2016), a good model is a model that has a high predictive
accuracy, which is when the actual value and the predicted value have a small difference
in value. The following is the accuracy scale of the prediction results based on the MAPE
value obtained presented in Table 1. as follows:

Table 1. MAPE accuracy rating scale.

MAPE Value Accuracy Scale

<10% Prediction results are very accurate

11–20% Prediction results are quite accurate

21–50% Prediction results are still within reasonable limits

>51% Prediction results are not accurate

Measurement of risk of loss was performed using the risk measure VaR. According to
Trimono and Ispriyanti (2017), VaR is a statistical method to help investors estimate the
maximum amount of loss that may occur in a certain period with a level of confidence
adjusted to the wishes of the investors. In VaR, several approaches can be used for risk
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prediction. In this study, the method used was the Monte Carlo simulation approach.
According to Bouayed (2016), Monte Carlo simulation can be used if the return data follow
a normal distribution. In general, the VaR calculation procedure using the Monte Carlo
simulation approach on the JKII price index data was as follows:

1. Determine the parameter value including the mean (µ) and variance (σ2) of the JKII
return;

2. Generating random numbers with normal distribution with parameters µ and σ2 as
much as U (values of µ and σ2 were obtained from step 1);

3. Calculate the estimated maximum loss at the confidence level (1−α). The estimated
loss value is the quantile value of α from the random number generated in step 2. The
estimated loss value obtained is then denoted by W;

4. Calculate the VaR value for the holding period for r days at the confidence level (1−α)
using the following equation:

VaR1−α (JKII) = W ×
√

r (6)

5. Repeat step (2) to step (4) m times, thus reflecting various possible VaR values. The
results obtained from this step are VaR1−α (JKII)-1, VaR1−α (JKII)-2, . . . , VaR1−α

(JKII)-m;
6. Calculate the average of the results obtained from step (5) to stabilize the predicted

value of VaR, as the VaR value generated in each simulation gives a different value.

2.3. Stages of Analysis

The steps for predicting the JKII price index and predicting the risk of loss using the
G.B.M. and VaR models with the Monte Carlo Simulation Approach were as follows:

1. Collect JKII price index data;
2. Divide the JKII price index data into two parts: in-sample and out-sample data;
3. Calculate the return value of JKII for in-sample data;
4. Perform normality test on return in-sample data;
5. Calculate the parameter values of the GBM model, which includes σ and µ are in-

sample return data;
6. Modeling and predicting stock prices with the geometric Brownian motion method as

much as N. N is a lot of out-sample data;
7. Test prediction accuracy using the MAPE method by comparing the predicted JKII

price index with the actual JKII price index on out-sample data;
8. Calculating the Value at Risk using the Monte Carlo simulation approach.

3. Results

This study used 329 secondary daily data of the JKII index price downloaded from
FinanceYahoo.com (accessed on 10 October 2021) from 1 August 2020 to 13 August 2021.
The following is a summary of the price movement of the JKII index in that period, which
is depicted through a time series plot:

Figure 1 shows the time series plot in which the movement pattern of the JKII price
index is divided into three periods. First, in the period 1 August 2020–1 November 2020,
the JKII price index tended to be stable at IDR 500, meaning, during that period, there was
no significant decrease or increase in the movement of Islamic stock prices in Indonesia.
In the period 1 November 2020–1 February 2021, the JKII price index increased from IDR
500 to IDR 650. The increase in this period was due to the economic activities of Islamic
companies in Indonesia starting to bounce back after previously being constrained by the
COVID-19 pandemic that hit Indonesia. After the period 1 February 2021 to 13 August
2021, the movement of the JKII price index was moderately stable, which was in the range
of IDR 650–IDR 600.
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Figure 1. The movement of the JKII price index from 1 August 2020 to 13 August 2021.

According to Aduda et al. (2016), the information presented on the time series plot is
limited only to the movement pattern of index price data. Therefore, descriptive statistical
values of the JKII price index are needed to obtain more specific information about the
characteristics of the JKII price index data.

Table 2 shows that the average JKII price index was IDR 570.45, with the smallest value
being IDR 467.88 and the largest being IDR 671.59. The average deviation of the value of
each price index to the average value was 44.5246. As this value was relatively small, the
value of the JKII price index tended to be homogeneous and stable. The skewness value
obtained was 0.4351 > 0, meaning that most of the data had a value less than the average,
and on the frequency distribution curve, the data tended to converge on the left side. After
determining the characteristics of the JKII price index, the analysis was continued to predict
the price index and the value of losses. Prediction of the JKII Price Index began by dividing
the data into two: in-sample and out-sample data. In-sample data serve to form model
parameters, while out-sample data serve as a comparison to test the accuracy of predictions
(Henry et al. 2019). In-sample data were determined to be 299 from 1 August 2020 to
30 June 2021, and out-sample data were 30 from 1 July 2021 to 13 August 2021. After the
data were divided into two segments, the next step was to calculate the return value for
the in-sample data. The following is a summary of the in-sample returns in the form of a
descriptive statistical table:

Table 2. Descriptive statistics of the JKII price index.

Variable Total Obs Mean St. Dev. Skewness Kurtosis Min Max

JKII 329 570.45 44.5246 0.4351 −0.5970 467.88 671.59

In the in-sample period, the average return was 0.000446, meaning that the average
profit from investing in Islamic stocks was 0.446% of the funds invested. The highest profit
value obtained was 4.987%, and the highest loss was 5.143% of the invested funds.

In Section 2, it was explained that the assumption that had to be met in predicting the
price of the JKII index using the GBM. model was that the return data had to follow the
normal distribution. In this study, the normality test was carried out using the Kolmogorov-
Smirnov Test (K-S test) and was chosen because this test is an exact test that does not
depend on the test’s cumulative distribution function. The process carried out is more
concise, with accurate results (Luqman et al. 2018). The test output can be seen in the
following table:

The provision to reject or accept H0 in the normality test using the Kolmogorov–
Smirnov test is based on the p-value; if the p-value is less than α, then it is decided that
H0 is rejected (Hassani and Silva 2015). Based on Table 3, the p-value was 0.135, which
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was more significant than α, so the test decision was that the JKII in-sample return data
followed a normal distribution. Since the JKII in-sample return data were proved to have a
normal distribution, the GBM model could be used to predict the JKII price index.

Table 3. Descriptive statistics of in-sample return of JKII.

Variable Total Obs Mean St. Dev. Skewness Kurtosis Min Max

In-sample return of JKII 299 0.00045 0.01453 0.04219 1.1848 −0.05143 0.04987

In addition to normality test, it was necessary to perform a unit root test on the JKII
in-sample return data. This test aims to see if the data are stationary. If the information
is not stationary, the mean and variance are not constant. Thus, the data are not suitable
for modeling using GBM, which requires the information to be normally distributed with
constant mean and variance. The results of the unit root test using the Augmented Dickey–
Fuller (ADF) test are as follows:

The parameters needed in the GBM model are the mean (µ) and daily volatility (σ) of
the return data (Nkemnole and Abass 2019). In addition, the volatility value used was the
daily volatility because the price index to be predicted was the everyday price index. The
following are the values for these two parameters:

By substituting the values of µ and σ in Table 4 into Equation (4), the GBM model for
predicting the JKII price index was as follows:

St+1 = Stexp
((

0.000446− 1
2 × 0.014532

)
× 1 + 0.01453

√
1Zt+1

)
= Stexp

((
0.000446− 1

2 × 0.014532
)
+ 0.01453 Zt+1

)
Table 4. The output of Kolmogorov–Smirnov test for in-sample return of JKII.

Variable Hypotheses K-S Value Sig Level (α) p-Value

In-sample return of
JKII

H0: Return data are
normally distributed

1.162 5% 0.135
H1: Return data are not

normally distributed

This model was used to predict the JKII price index in the out-sample period (1 July
2021–13 August 2021). The prediction results obtained are shown in Table 5.

Table 5. The output of the ADF test for in-sample return of JKII.

Variable Hypotheses t-Statistics α p-Value

In-sample return of
JKII

H0: Return data are not
stationary

−18.985 5% 0.000
H1: Return data are

stationary

From the results of the ADF test, the t-statistic value obtained is−18.985 with a p-value
of 0.000. If the p-value is less than α, then H0 is rejected. So it can be concluded that the
return data are stationary. Estimated GBM model parameters are presented in Table 6
as follows:

Table 6. Estimated GBM model parameters.

Variable Mean (µ) Volatility (σ)

In-sample return of JKII 0.000446 0.01453
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Referring to Table 7, the predicted results of the JKII index and the return had a value
that was quite close to the actual value. This indicated that the GBM model was suitable to
be used by investors to predict the movement of JKII and sharia stock prices in the future
period. Sometimes, prediction results will be easier to understand if presented in tabular
form. Therefore, here we offer the plots of the JKII price index and JKII return prediction
and Plots of actual. Plots of actual and predicted JKII price in-dex from 1 July 2021–12
August 2021 are presented in Figure 2 and Plots of actual and predicted JKII return from
1 July 2021–12 August 2021 are presented in Figure 3:

Table 7. Prediction results of the JKII price index and the return for the out-sample period (1 July
2021–13 August 2021).

Date
Actual (IDR) Prediction (IDR)

Price Index Return Price Index Return

1 July 2021 549.01 0.0001 543.25 0.0002

2 July 2021 547.52 −0.0027 557.49 0.0259

5 July 2021 539.43 −0.0149 557.14 −0.0006

6 July 2021 549.42 0.0184 566.86 0.0173

7 July 2021 548.81 −0.0011 571.07 0.0074

8 July 2021 543.8 −0.0092 561.52 −0.0169

9 July 2021 549.97 0.0113 550.84 −0.0192

12 July 2021 553.22 0.0059 533.27 −0.0324

13 July 2021 546.71 −0.0118 532.74 −0.001

14 July 2021 544.19 −0.0046 526.15 −0.0124

15 July 2021 547.74 0.0065 526.57 0.0008

16 July 2021 550.79 0.0056 528.97 0.0045

19 July 2021 546.67 −0.0075 535.07 0.0115

21 July 2021 545.28 −0.0025 548.73 0.0252

22 July 2021 552.24 0.0127 538.59 −0.0187

23 July 2021 541.75 −0.0192 538.5 −0.0002

26 July 2021 540.43 −0.0024 536.98 −0.0028

27 July 2021 538.36 −0.0038 528.22 −0.0164

28 July 2021 533.74 −0.0086 524.56 −0.007

29 July 2021 537.87 0.0077 526.88 0.0044

30 July 2021 532.79 −0.0095 528.65 0.0034

2 August 2021 540.81 0.0149 540.73 0.0226

3 August 2021 540.94 0.0002 541.12 0.0007

4 August 2021 543.54 0.0048 529.05 −0.0226

5 August 2021 541.74 −0.0033 524.61 −0.0084

6 August 2021 541.13 −0.0011 516.14 −0.0163

9 August 2021 530.45 −0.0199 526.32 0.0195

10 August 2021 527.5 −0.0056 523.83 −0.0047

12 August 2021 539.83 0.0231 529.44 0.0107

13 August 2021 540.13 0.0006 539.55 0.0189
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The following is the MAPE value of the JKII price index prediction for out-sample
data.

Based on the obtained MAPE value, the GBM model produced very accurate prediction
results, resulting from the return value, which was usually distributed (Ibrahim et al. 2021).
Several previous studies applied the GBM. Model to predict prices, and the results showed
that if the assumption of normality were met, the prediction would yield very accurate
results. Abidin and Jaffar (2014), who used the GBM model to predict stock prices of
22 companies in Malaysia, obtained exact prediction results, with MAPE values ranging
from 1.69–10.60%. Trimono and Ispriyanti (2017), who analyzed the share price of Ciputra
Development Ltd. in 2016−2017 using the GBM model, produced a very accurate MAPE
value of 1.87%. In addition, several other studies examining the application of the GMB
model to analyze price movements and predictions concluded that the MAPE obtained was
always accurate, at less than 10% (Nkemnole and Abass 2019). After the GBM model was
proven to have good predictive accuracy, the model was used to predict the JKII price index
for the following five periods after 13 August 2021. The prediction results are presented in
Table 8 and Prediction of JKII price index for 16 August 2021–23 August 2021 is presented
in Table 9:

Table 8. MAPE value predictions for the JKII price index.

MAPE Prediction Accuracy

2.03% Prediction results are very accurate
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Table 9. Prediction of JKII price index for 16 August 2021–23 August 2021.

Date
Prediction (IDR)

Price Index Return

16 August 2021 552.26 0.0233

18 August 2021 550.77 −0.0027

19 August 2021 555.22 0.0080

20 August 2021 556.13 0.0016

23 August 2021 545.24 −0.0198

Based on forecasts, the JKII price index would move stably in the following five
periods at a price range of IDR 550. The price stability reflected the stable returns to be
received. This is a perfect situation for investors who did not like high risk in investing. In
addition to the price index prediction, the risk of loss prediction was the next aim of this
study. The initial period as the benchmark was 13 August 2021. Through the VaR method
with the Monte Carlo simulation approach, the loss risk prediction at several confidence
levels and holding periods was predicted. For each simulation to produce the VaR value,
the number of random numbers generated was 1000, and the number of repetitions (m)
carried out was 500. Loss risk prediction for several holding periods and confidence levels
are presented in Table 10:

Table 10. Loss risk prediction for several holding periods and confidence levels.

Holding Period(s) Confidence Level VaR Value

1 day

90% −0.0240

95% −0.0307

99% −0.0427

3 days

90% −0.0417

95% −0.0529

99% −0.0742

5 days

90% −0.0537

95% −0.0684

99% −0.0955

In each holding period, a possible loss of value at several levels of confidence might
occur. As a negative sign on a VaR value represents a loss value (Maruddani 2019), the
interpretation of the VaR value for a 3-day holding period at a 95% confidence level was
−0.0529. The meaning was that the maximum possible loss value for Islamic stocks in
Indonesia for three trading periods after 13 August 2021, namely on 19 August 2021, was
0.0529 (5.29%) of the total invested funds. In other words, suppose that the invested funds
were IDR 100,000,000, then the estimated maximum loss that might occur was IDR 5,290,000.
Therefore, the longer the holding period and the greater the level of confidence chosen, the
greater the prediction of losses will be. This finding was in line with the previous studies of
Amin et al. (2019); Hong et al. (2014), which used the VaR Monte Carlo simulation model
to predict losses on financial asset data.

4. Conclusions

In the JKII price index, the GBM model can be used as an alternative to predict the
value of the price index in the future. Based on the results of the analysis obtained in
Section 4, by utilizing the return value of the JKII price index for the period 1 August
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2020–13 August 2021, the GBM model formed to predict the JKII price index with a change
in 1 day was:

St+1 = Stexp
((

0.000446− 1
2
× 0.014532

)
+ 0.01453Zt+1

)
The MAPE value for prediction results on out-sample data (1 July 2021–13 August

2021) is 2.03%; in other words, the prediction results are very accurate. For the period
outside of the out-sample data, which was 16 August 2021, the predicted value of the
JKII price index was IDR 552.26. Then, through the VaR method with the Monte Carlo
simulation approach, at a 95% confidence level, the predicted maximum loss that would
occur on 16 August 2021 was 3.07%.

The results of this study indicate that when the return on the JKII price index is
normally distributed, then GBM model can predict the JKII price index very accurately.
Theoretically, the GBM model will provide maximum predictive results for asset prices
when the return data are normally distributed. VaR risk prediction results through the
Monte Carlo simulation approach at a confidence level of 90–99% were in the range of 2–9%
of the total invested funds. The main difference between the results of this study and other
studies that discuss JKII price index prediction is that the predicted results of the price
index are directly interpreted as the final result of the study. However, the results of the
price index prediction in this study are used as a reference to measure the value of risk of
loss, which is also an important indicator of a financial instrument.

The implication of this research is if the return on the sample data are not distributed
and price prediction is conducted using the GBM model, the prediction results will be
inaccurate and cannot be accounted for. This implication is indirectly at the same time
a limitation of this study. GBM and the VaR Monte Carlo model rely heavily on the
assumption of normality returns, so that if the return data are not normally distributed,
the methods cannot be used. Suggestions for further research can be developed to model
the JKII price index if the historical return data are not normally distributed. One of the
models that can be used is the GBM with the Jump model.

Author Contributions: Conceptualization, H.H., I.G. and E.H.; methodology, T.T.; validation, E.H.;
formal analysis, I.G. and E.H.; investigation, E.H. and T.T.; resources, I.D.P.; data curation, I.D.P.;
writing—original draft preparation, H.H.; project administration, I.D.P.; funding acquisition, I.G., and
I.D.P.; writing—review & editing, H.H. and I.D.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by Research Funded. This research funded the Basic Research
Grants for Higher Education, DRPM DIKTI. Number: 225-80/UN7.6.1/PP/2021 and “The A.P.C.
was sponsored by Directorate of Research and Community Service, Ministry of Education, Culture,
Research, and Technology), Indonesia”.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
Abidin, Siti Nazifah Zainol, and Maheran Mohd Jaffar. 2014. Forecasting Share Prices of Small Size Companies in Bursa Malaysia

Using Geometric Brownian Motion. Applied Mathematics and Information Sciences 8: 107–12. [CrossRef]
Aduda, Jane, Patrick Weke, Philip Ngare, and Joseph Mwaniki. 2016. Financial Time Series Modelling of Trends and Patterns in

the Energy Markets Financial Time Series, Trends and Patterns in Energy Markets, Futures and Spot Prices, ARCH Effects,
ARMA-GARCH Models. Journal of Mathematical Finance 6: 324–37. [CrossRef]

Alam, Md Mahmudul, Chowdhury Shahed Akbar, Shawon Muhammad Shahriar, and Mohammad Monzur Elahi. 2017. The Islamic
Shariah Principles for Investment in Stock Market. Qualitative Research in Financial Markets 9: 132–46. [CrossRef]

Aldiena, Erifa, and Muhammad Hanif al Hakim. 2019. The Impact of Companies’ Internal Factors On The Performance of Their Stock
Returns. Journal of Islamic Economic Laws 2: 120–49. [CrossRef]

http://doi.org/10.12785/amis/080112
http://doi.org/10.4236/jmf.2016.62027
http://doi.org/10.1108/QRFM-09-2016-0029
http://doi.org/10.23917/jisel.v2i1.7708


Economies 2022, 10, 17 12 of 13

Amin, Farah Azaliney Mohd, Nur Aina Syahirah Mohd Sukeri, Norahaslinda Hasbullah, and Nurshahira Jamaludin. 2019. Forecasting
Value at Risk for Malaysian Palm Oil Using Monte Carlo Simulation. International Journal of Academic Research in Business and
Social Sciences 9: 1253–60. [CrossRef]

Azizah, M., M. I. Irawan, and E. R. M. Putri. 2020. Comparison of Stock Price Prediction Using Geometric Brownian Motion and
Multilayer Perceptron. AIP Conference Proceedings 2242: 30016.

Bouayed, Zakia. 2016. Using Monte Carlo Simulation to Mitigate the Risk of Project Cost Overruns. International Journal of Safety and
Security Engineering 6: 293–300. [CrossRef]

Chabachib, Mochammad, Hersugondo Hersugondo, Erna Ardiana, and Imang Dapit Pamungkas. 2019. Analysis of Company
Characteristics of Firm Values: Profitability as Intervening Variables. International Journal of Financial Research 11: 60. [CrossRef]

Estember, Rene D., and Michael John R. Maraña. 2016. Forecasting of Stock Prices Using Brownian Motion-Monte Carlo Simulation.
Paper presented at International Conference on Industrial Engineering and Operations Management, Kuala Lumpur, Malaysia,
March 8–10; pp. 704–13.

Faturrahman, Muhammad, Aria Bisma, and Faizul Mubarok. 2021. Jakarta Islamic Index Stock Volatility and Forecasting Using
Realized GARCH Model. Majalah Ilmiah Bijak 18: 27–39.

Hanurowati, Nunung, Moch Abdul Mukid, and Alan Prahutama. 2016. Pemodelan Dan Peramalan Indeks Harga Saham Gabungan
(Ihsg), Jakarta Islamic Index (Jii), Dan Harga Minyak Dunia Brent Crude Oil Menggunakan Metode Vector Autoregressive
Exogenous (Varx). Jurnal Gaussian 5: 683–93.

Hassani, Hossein, and Emmanuel Sirimal Silva. 2015. A Kolmogorov-Smirnov Based Test for Comparing the Predictive Accuracy of
Two Sets of Forecasts. Econometrics 3: 590–609. [CrossRef]

Henry, Akpensuen Shiaondo, K. E. Lasisi, E. A. Akpan, and A. A. Gwani. 2019. Application Out-of-Sample Forecasting in Model
Selection on Nigeria Exchange Rate. World Scientific News 127: 225–47.

Hong, L. Jeff, Zhaolin Hu, and Guangwu Liu. 2014. Monte Carlo Methods for Value-at-Risk and Conditional Value-at-Risk: A Review.
ACM Transactions on Modeling and Computer Simulation 24: 1–37. [CrossRef]

Ibrahim, Siti Nur Iqmal, Masnita Misiran, and Mohamed Faris Laham. 2021. Geometric Fractional Brownian Motion Model for
Commodity Market Simulation. Alexandria Engineering Journal 60: 955–62. [CrossRef]

Islam, Mohammad Rafiqul, and Nguyet Nguyen. 2020. Comparison of Financial Models for Stock Price Prediction. Journal of Risk and
Financial Management 13: 181. [CrossRef]

Jacxsens, Liesbeth, Mieke Uyttendaele, and Bruno De Meulenaer. 2016. Challenges in Risk Assessment: Quantitative Risk Assessment.
Procedia Food Science 6: 23–30. [CrossRef]

Kim, Sungil, and Heeyoung Kim. 2016. A New Metric of Absolute Percentage Error for Intermittent Demand Forecasts. International
Journal of Forecasting 32: 669–79. [CrossRef]

Le, Trung H. 2020. Forecasting Value at Risk and Expected Shortfall with Mixed Data Sampling. International Journal of Forecasting 36:
1362–79. [CrossRef]

Luqman, Rabia, Masood Ul Hassan, Shanza Tabasum, Maria Shams Khakwani, and Sadia Irshad. 2018. Probability of Financial Distress
and Proposed Adoption of Corporate Governance Structures: Evidence from Pakistan. Cogent Business and Management 5: 1–14.
[CrossRef]

Lusyana, Devi, and Mohamed Sherif. 2017. Shariah-Compliant Investments and Stock Returns: Evidence from the Indonesian Stock
Market. Journal of Islamic Accounting and Business Research 8: 143–60. [CrossRef]

Maruddani, Di Asih I. 2019. Value at Risk Untuk Pengukuran Risiko Investasi Saham: Aplikasi Dengan Program R. Ponorogo Regency: Wade
Group.

Mishra, Prabhaker, Chandra M. Pandey, Uttam Singh, Anshul Gupta, Chinmoy Sahu, and Amit Keshri. 2019. Descriptive statistics and
normality tests for statistical data. Annals of Cardiac Anaesthesia 22: 67. [PubMed]

Nkemnole, Bridget, and Olaide Abass. 2019. Estimation of Geometric Brownian Motion Model with a T-Distribution–Based Particle
Filter. Journal of Economic and Financial Sciences 12: 1–9. [CrossRef]

OJK. 2021. Market Update. Direktorat Pasar Modal Syariah Otoritas Jasa Keuangan. Available online: https://onlinelibrary.wiley.com/
doi/book/10.1002/9781119196709 (accessed on 10 October 2021).

Pamungkas, Imang Dapit, Imam Ghozali, and Tarmizi Achmad. 2018. A Pilot Study of Corporate Governance and Accounting Fraud:
The Fraud Diamond Model. Journal of Business and Retail Management Research 12: 253–61. [CrossRef]

Richter, Andreas, and Thomas C. Wilson. 2020. COVID-19: Implications for Insurer Risk Management and the Insurability of Pandemic
Risk. GENEVA Risk and Insurance Review 45: 171–99. [CrossRef]

Rosalyn, A. M. 2018. The Effect of Rupiah Exchange Rate and Inflation Rate Towards Composite Stock Price Index in Indonesia Stock
Exchange. Russian Journal of Agricultural and Socio-Economic Sciences 78: 53–58. [CrossRef]

Si, R. K., and B. Bishi. 2020. Forecasting Short Term Return Distribution of S&P BSE Stock Index Using Geometric Brownian Motion:
An Evidence from Bombay Stock Exchange. International Journal of Statistics and Systems 15: 29–45.

Siddikee, Md Noman. 2018. Effect of Daily Dividend on Arithmetic and Logarithmic Return. Journal of Finance and Data Science 4:
247–72. [CrossRef]

Sonono, Masimba E., and Hopolang P. Mashele. 2015. Prediction of Stock Price Movement Using Continuous Time Models. Journal of
Mathematical Finance 5: 178–91. [CrossRef]

Tandelilin. 2017. Capital Market: Portfolio Management and Investment. Yogyakarta: PT Kanisius.

http://doi.org/10.6007/IJARBSS/v9-i9/6418
http://doi.org/10.2495/SAFE-V6-N2-293-300
http://doi.org/10.5430/ijfr.v11n1p60
http://doi.org/10.3390/econometrics3030590
http://doi.org/10.1145/2661631
http://doi.org/10.1016/j.aej.2020.10.023
http://doi.org/10.3390/jrfm13080181
http://doi.org/10.1016/j.profoo.2016.02.004
http://doi.org/10.1016/j.ijforecast.2015.12.003
http://doi.org/10.1016/j.ijforecast.2020.01.008
http://doi.org/10.1080/23311975.2018.1492869
http://doi.org/10.1108/JIABR-10-2015-0052
http://www.ncbi.nlm.nih.gov/pubmed/30648682
http://doi.org/10.4102/jef.v12i1.159
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119196709
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119196709
http://doi.org/10.24052/JBRMR/V12IS02/APSOCGAAFTFDM
http://doi.org/10.1057/s10713-020-00054-z
http://doi.org/10.18551/rjoas.2018-06.05
http://doi.org/10.1016/j.jfds.2018.06.001
http://doi.org/10.4236/jmf.2015.52017


Economies 2022, 10, 17 13 of 13

Toto, Toto, Elin Herlina, and Nana Darna. 2020. Advantages and risks of islamic investment. Advantages and Risks of Islamic Investment
20: 265–76. [CrossRef]

Trimono, Di Asih I. Maruddani, and Dwi Ispriyanti. 2017. Pemodelan Harga Saham Dengan Geometric Brownian Motion Dan Value
At Risk PT Ciputra Development Tbk. Gaussian 6: 261–70.

http://doi.org/10.19109/nurani.v20i2.6882

	Introduction 
	Methodology 
	JKII Price Index Modeling and Prediction Using Geometric Brownian Motion (GBM) Model 
	Prediction Accuracy Test 
	Stages of Analysis 

	Results 
	Conclusions 
	References

