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Abstract— This study forecast weekly stock price of PT. Bank Negara Indonesia Tbk (BBNI) by applying the
ARIMA model using Box-Jenkins method. The data used from March 5, 2023 — May 5, 2024, with 61 data
observations, 57 data for training and 4 data for testing. The Box-Jenkins method determined the ARIMA (2,2,0)
to be selected after second differencing and passed the residual test (Shapiro and Ljung test). This model resulting
the best model with the lowest values of MAPE 1.72%, MSE 8901.2517, RMSE 94.346445, and MAE 83.94. The
results show that ARIMA is effective for short-term stock price predictions. This study provides valuable insights
for investors while recognizing the limitations in considering external market factors. The future research can also
explore the combination of ARIMA with other forecasting techniques.
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I. INTRODUCTION

The rapid growth of the Indonesian economy is reflected in the development of the capital market today. Many
people are starting to invest in stocks and the number of companies listed in the capital market continues to
increase. One of the most popular financial market instruments is stocks, which can be defined as a sign of capital
participation of a person or business entity in a company or limited liability company [1]. However, stocks are
known to be highly volatile as they are influenced by many factors such as company performance, economic
conditions, and investor sentiment [2]. The complexity of stock price movements makes them difficult to predict.
Stock prices can change rapidly every second because they are influenced by the large volume of data generated,
sensitive reactions to human emotions (fear), actions (war) and natural disasters (flood, famine, earthquake).
Therefore, predicting stock prices becomes very important to reduce investment risk. There are several methods
that have been used to predict stock prices such as Technical Analysis (RSI), Time Series (ARIMA), and
Fundamental Analysis (ROE) [3].

One of commonly used methods to analyze fluctuations in stock price is the Autoregressive Integrated Moving
Average (ARIMA) model, developed by George E. P. Box and Gwilyam M. Jenkins. Model identification can be
conducted from the results of the ACF and PACF time series. ARIMA is very good for short-term forecasting
accuracy, but less effective for long-term forecasting. ARIMA is a model that ignores independent variables in
making a forecast and a model that assumes the data must be stationary (Wei, 1990). The goal of the ARIMA
model is to determine a good statistical correlation between the variable being forecasted and the past value of the
variable so that forecasting can be used to forecast accurately [4].

This study used weekly stock price of PT. Bank Negara Indonesia (Persero) Tbk (BBNI) from March 5, 2023,
to May 5, 2024, with total 61 observation data. Among the 61 data observations, 57 data for training and 4 data
for testing. The data collected from the investing.com website and processed using the ARIMA model with the
Box- Jenkins method [5]. The main objective of using this data is to assess how well the ARIMA model can
capture the movement patterns of BBNI stock prices and to explore its applicability in a real-world financial
context.

In several previous studies, there are some of author applied the ARIMA model for forecasting stock price.
Wardhani and Yudhaenegara, (2025) predicted weekly stock price of PT. Aneka Tambang Tbk (ANTM) from
January 01, 2022, to January 27, 2024, with a total of 109 data. 105 data for data training and 4 data for data
testing. It’s resulting ARIMA (3,1,0) as the best model with the lowest MAPE values at 7.68% [6]. Singgih and
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Nugraha, (2023) applied the ARIMA model to predict the monthly stock price of Taiwan Semiconductor
manufacturing Company Limited (TSMC) with the data used from January 1, 1998, to December 31, 2004. It
shows that ARIMA (2,1,1) was the best model of this forecast because it has the smallest MSE Value of 0.1076018;
RMSE value of 0.0301156; MAE value of 0,2495926; and MAPE value of 3.0116% [7]. Olivia and Nugraha,
(2023) implemented the ARIMA model to forecast the historical data of PT Bank Central Asia Tbk's weekly stock
prices, spanning from April 04, 2022, to January 09, 2023. ARIMA (3,2,0) is the best model given with the MSE
1610643, RMSE 1269.11, MAE 1208.48, and MAPE 14.03% [8]. In addition, Putri and Suding, (2022) predicted
the monthly number of Aircraft Passengers arriving through Soekarno Hatta Airport using Arima Model from
2012 to 2016. Then resulting ARIMA (0,1,1) as the most suitable model used with MAPE 110% [9].

Saputra, (2024) forecasting data monthly prices of Adobe Stock from the year 2014 to 2021. Resulting the
ARIMA (2, 1, 2) as the best fitting model, with MSE value of 106.36830; the RMSE value of 0.07845252; the
MAE value of 8.07106; and the smallest MAPE value of 7.84525% [10]. Futhermore, Nugraha et al. (2024)
forecasting daily stock price of PT. Astra International using the Long Short-Term Memory (LSTM) method with
total data observation of 1506. Showing model 1 as the best performance with RMSE value of 151.910, MSE value
0f23076.561, MAE of 118.128, and MAPE of 2.3% [11]. Manurung and Nugraha, (2023) use the ARIMA model
to forecast weekly stock price data of PT. Bank OCBC NISP Tbk (NISP.JK) then showing the ARIMA (2,2,1) as
the most effective model because this model has second lowest AIC value and lowest MSE, RMSE, and MAE
[12].

This study uses the weekly data from PT Bank Negara Indonesia (Persero) Tbk (BBNI) collected until May
2024 with the total 61 observations. The analysis focuses on evaluating the extent to which ARIMA can be
optimally used in the context of financial data that is weekly and relatively short in duration. It also aims to help
investors or financial analysis make financial decisions. Therefore, this study fills a gap in the literature because
most previous works used monthly or long-term data and have not examined how ARIMA performs on weekly
stock data for Indonesian banks, especially BBNI. Weekly data are more volatile and noisier, making model
selection more challenging. Therefore, this study offers novelty by evaluating ARIMA on high-frequency data
with a limited number of observations.

Theoretically, the study shows how the Box-Jenkins approach performs on short-term banking data and
validates the model using accurate diagnostic tests. Practically, the findings provide accurate short-term forecasts
that can support investors and analysts in a volatile market. Overall, this study is relevant because it uses recent
2023 until 2024 data and presents a systematic forecasting process that can be applied to other financial assets.

II. METHODOLOGY

A. Box Jenkins Method

Box-Jenkins Analysis is a type of forecasting methodology for identifying, fitting, and checking using
Autoregressive Integrated Moving Average (ARIMA) time series models. This method is appropriate for time
series of medium to long length (at least 50 observations) and follows an iterative process which means steps
1 to 4 from identification to model refinement are often repeated until the best and well-diagnosed model is
obtained. The different stages of the Box-Jenkins model could be identified as:

1.  Model Identification)
Model identification focusing on helps in determine the orders of autoregressive (AR), differencing (I),
and moving average (MA) These involves stationarity checking using Augmented Dickey-Fuller (ADF)
test, where p-values below 0.05 indicates stationarity. For non-stationary, differencing method can be
applied until the data stationary. Model identification also analyzed the Autocorrelation Function (ACF)
and Partial Autocorrelation Function (PACF) plots to determine the appropriate AR (p) and MA (q)
orders.

2. Model Estimation
Model estimation involves selecting models by looking at the lowest AIC values and estimating
parameters for the identified AR and MA components. This process aims to fit the chosen ARIMA
model to observe the data.

3. Diagnostic Checking
Diagnostic checking validates the sufficiency of the model through residual analysis. The Shapiro test
evaluates normality while the Ljung-Box test tests for autocorrelation. Both tests must show a p-value
that exceeds 0.05 for the model to be selected. This iterative process continues until all diagnostic
criteria are met, resulting in a strong forecasting model.
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B. Augmented Dickey-Fuller test (ADF)
Augmented Dickey-Fuller test (ADF test) is a common statistical test used to test whether the data set is

stationary or not. This test is one of the most commonly used statistical tests when it comes to analyzing the
stationary.

Y= aY, +BX. +€ €))

C. Differencing

Differencing used in stationary check using the Augmented Dickey-Fuller, which resulting the p-value to
check the data is stationary or nonstationary. The data called stationary if the p-value below 0.05. Differencing
only apply when the data is nonstationary, if the data is stationary, we no need to differentiate the data.
Differencing is denoted by d and W, =Y, — Y,y = AY. In the general form:

W, = Ady, 2)
D. Autoregressive (AR)

Autoregressive model is model that shows Y, as a linear function of Y, in the current period. Autoregressive
models have order p denoted by AR (p) with the following general form:

Ye =¢p1Yi1 + Yo+ .tV tet 3)
E. Moving Average (MA)

Moving average model is a time series model where the characteristics of the current period’s data are linear
combination of white noise or error values with certain weights. A moving average model of ¢ order is denoted
by MA (g), with the following general form:

Yi =et—061e1 — 06, — =04 “)

F. Autoregressive Integrated Moving Average

Autoregressive Integrated Moving Average (ARIMA) is one of method that used for forecasting data time
series. ARIMA is a combination of Auto Regressive (AR) model and Moving Average (MA) model. This
model can be denoted as ARIMA (p, d, q), where p is the order of Autoregressive (AR) process, ¢ is the order
of the Moving Average (MA) process, and d is the differencing order. The equation of this model can be
determined by the following equation:

Yo=Y + @Y+ @Yy, +et—0ie 4 — 0Oy 5 — - —0Ohe 4 (%)

G. Estimated Error Value (Metrics evaluation)

1. Akaike Information Criterion (AIC)
Akaike Information Criterion (AIC) is an estimator of the average Kullback-Leibler divergence of the
estimated model from the true model. This is used to determine which one is the best fit for the data.
The lowest value of AIC represents the better model. This criterion says to select the model that
minimizes

AIC = —2log (maximum likelihood) + 2k 6)
2. Mean Square Error (MSE)
Mean Square Error (MSE) is widely used to evaluate regression models. It represents the average of the
squared difference between the original and predicted values. Squaring errors help to highlights big
mistakes and make MSE useful for spotting unusual data. A lower MSE value means the model is better
and the predictions close to the actual. However, one disadvantage is that MSE is sensitive to large
errors.
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MSE — I —9)° (7
n

Root Mean Squared Error (RMSE)

Root Mean Squared Error (RMSE) is the square root of MSE, which means it gives us error in the same

units as predicted values. It’s helpful because it gives us an idea how much error we can expect from a

model on average. Similar to MSE, it is sensitive to large errors, although not to extreme. The formula

is as follows:

B0, = 90 ®

n

RMSE =

Mean Absolute Error (MAE)

Mean Absolute Error (MAE) simply takes the absolute difference between prediction and the actual
value because it doesn’t square errors, which makes a good choice when we don’t want large errors to
affect our evaluation too much. MAE is commonly used to evaluate things like sales predictions or
forecast energy usage. Similar to other error metrics, the lower is the best model. Here is the following
equation:

_ 1¥5 1y — il ©
n

MAE

Mean Absolute Percentage Error (MAPE)

Mean Absolute Percentage Error (MAPE) used to express how far off the prediction is in percentage
form, which is easy for people to interpret. However, MAPE tends to penalize over-predictions than
under- predictions, especially when the actual values are small. MAPE shows the error as a percentage
and the following equation as follows:

n
1 L, (10)
MAPE=—Z ViVl 100%
ni= Vi

There are some interpretations of MAPE values shown in TABLE 1 [11].

TABLE 1
INTERPRETATION OF MAPE VALUES

MAPE Interpretation
<10% Highly accurate forecasting
10-20% Good forecasting
20-50% Reasonable forecasting
>50% Inaccurate forecasting

H. Residual Analysis

1.

Shapiro Test

Shapiro test is a hypothesis test that evaluates whether a data set is normally distributed. A large p-value
indicates the data set is normally distributed, a low p-value indicates that it isn’t normally distributed.
Here is the following equation:

_ & @x)” (11)
V=S -0

Ljung-Box Test
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Ljung-Box test is a statistical test that checks if autocorrelation exists in a time series. Ljung-Box test
is used widely in econometrics. If the p-value of the test is greater than 0.05, this shows the data set is
passed. If the p-value is lower than 0.05, this data set is not autocorrelated. Here is the following
equation:

(12)

i

2
n—j

Qum) =n(n+2) ).
=1

Where,
7;; = the accumulated sample
autocorrelations. m = the time lag.

The summary of all methods used in forecasting by using ARIMA model is illustrated by flowchart in Figure

Import Time Stationary
Series Data Check

No Yes
Stationary

Differencing
Method

Parameter
Estimation

Diagnostics
Check

Forecast

Figure. 1 ARIMA Forecasting Flowchart

IILRESULT AND DISCUSSION

A. Data Preparation

The data used is weekly stock price of PT. Bank Negara Indonesia Tbk (BBNI). This data used from March
5,2023 — May 5, 2024, with a total of 61 data, 57 data as training data and 4 data as testing data. This data is
taken from Investing.com website. Data shown in TABLE 2 and Figure 2 as a graph.

To analyze and forecast this data, I used another software like R studio and Excel. In R studio, we need to
install or recall library packages. In analyzing this data, I call 6 library packages, such as TSA, tseries, forecast,
geplot2, readxl, and Imtest. Each of them helps to analysis the data.

TABLE 2
WEEKLY CLOSING STOCK PRICE OF BANK NEGARA INDONESIA TBK

Date Price Date Price Date Price
05/03/2023 4513 30/07/2023 4500 24/12/2023 5375
12/03/2023 4513 06/08/2023 4550 31/12/2023 5575
19/03/2023 4813 13/08/2023 4525 07/01/2024 5600
26/03/2023 4675 20/08/2023 4550 14/01/2024 5500
02/04/2023 4688 27/08/2023 4588 21/01/2024 5425
09/04/2023 4700 03/09/2023 4688 28/01/2024 5775
16/04/2023 4738 10/09/2023 4738 04/02/2024 5750
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23/04/2023 4713 17/09/2023 4875 11/02/2024 6000
30/04/2023 4625 24/09/2023 5163 18/02/2024 5900
07/05/2023 4500 01/10/2023 5200 25/02/2024 5900
14/05/2023 4413 08/10/2023 5175 03/03/2024 6100
21/05/2023 4475 15/10/2023 4970 10/03/2024 5800
28/05/2023 4525 22/10/2023 4850 17/03/2024 5850
04/06/2023 4613 29/10/2023 4890 24/03/2024 5900
11/06/2023 4513 05/11/2023 4860 31/03/2024 5300
18/06/2023 4513 12/11/2023 4980 14/04/2024 5225
25/06/2023 4575 19/11/2023 5200 21/04/2024 5150
02/07/2023 4538 26/11/2023 5250 28/04/2024 4830
09/07/2023 4463 03/12/2023 5075 05/05/2024 4670
16/07/2023 4525 10/12/2023 5275

23/07/2023 4438 17/12/2023 5250

Bank Negara Indonesia Tbk (BENI)

6000

5500

Close

5000

4500

i
[22

& Pl

+ o w®
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Figure. 2 Graph of Stock Price of BBNI

B. Stationarity Check

Before analyzing the data, the stationarity must be verified using the Augmented Dickey-Fuller Test (ADF
Test) method in R Studio. If the p-value of the data is less than 0.05, then the data is stationary. If the p-value of
the data is above 0.05, then the data is not stationary. As shown in Figure 3, this data is not stationary because
the p-value is 0.3306.

BENI Stock Price

6000
I

5500
I

Stock Price

5000

4500

T T T T T T T
2023.0 20232 20234 20236 20238 2024.0 20242

Time

Figure. 3 Before Differencing

To make the data stationary, differencing method can be applied in R studio using the “diff(data)” code. In
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this case, the data called stationary after doing differencing method 2 times and gives us the p-value smaller
than 0.01. The plot after differencing is shown in Figure 4.

Second Difference of BBNI Stock Price

Stock Price
-200 O 200
1 1 Il 1 Il

-800
|

T T T T T
10 20 30 40 50

Time
Figure. 4 After Differencing

C. Model Specification

The ARIMA model can be found by determining the Autocorrelation Function (ACF) and Partial
Autocorrelation Function (PACF). The autoregressive order (p) can be obtained from the PACF plot, while the
moving average order (g) can be obtained from the ACF plot. The ACF and PACEF plots are shown in Figure
5.

ACF Plot PACF Plot
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Figure. 5 Plot of ACF and PACF
Based on Figure 5, the PACF cuts off at a lag time of 2 and ACF cuts off at lag time of 1. Therefore,
the order of p is 2 and order of ¢ is 1. The ARIMA model is shown in TABLE 3 based on the parameters.

TABLE 3
ARIMA MODEL SPECIFICATION

No. Model ARIMA P d q
1 [0,2,0] 0 2 0
2 [0,2,1] 0 2 1
3 [1,2,0] 1 2 0
4 [1,2,1] 1 2 1
5 [2,2,0] 2 2 0
6 [2,2,1] 2 2 1
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D. Parameter Estimation

The parameters of the Autoregressive (AR) formula are denoted as ¢ with order p. While the parameters of
the Moving Average (MA) formula are denoted as 6 with order ¢q. Based on analysis using R Studio, we
obtained parameter estimations including metrics such as AR1, AR2, MA1, Mean Square Error (MSE), Log-
Likelihood, and Akaike Information Criteria (AIC). These parameter estimations are shown in TABLE 4.

TABLE 4
PARAMETER ESTIMATION FOR ARIMA MODEL

Model AR1 AR2 MA1 MSE Log- AIC
ARIMA Likelihood

[0, 2, 0] 41899.63 37171 74541
0,2, 1] 1.0000  22121.12 1356.15 71631
[1,2,0]  -0.5620 30985.47 363.6 7312
[1,2,1]  -0.1133 -1.0000 21833.99 -355.91 717.81
[2,2,0] -0.8276 05111 24835.68 -357.81 721.61
2,2,1  -0.1154 00156 -1.0000  »ygyg 16 -355.9 719.8

E. Residual Analysis

To determine the best ARIMA model is by using the Shapiro Test and Ljung-Box Test. From both tests,
the ARIMA model that have p-values exceeds 0.05 is considered passed and will be selected for forecasting
and the error model will be calculated.

F. Forecast

TABLE 5
ARIMA MODEL RESIDUAL ANALYSIS RESULT
Model ARIMA Shapiro Test Ljung-Box Test AIC Result
[0,2,0] 0.0749 0.0004309 745.41 Not Passed
[0,2,1] 0.002095 0.495 716.31 Not Passed
[1,2,0] 0.07727 0.1101 731.2 Passed
[1,2,1] 0.002605 0.9356 717.81 Not Passed
[2,2,0] 0.1399 0.9944 721.61 Passed
[2,2,1] 0.002501 0.9548 719.8 Not Passed
TABLE 6
Forecasting Value of ARIMA (1,2,0)

Date Actual Data Predicted Data Lower Bound Upper Bound
14/04/2024 5225 5065.304 4710.843 5419.764
21/04/2024 5150 4625.305 4004.460 5246.150
28/04/2024 4830 4300.687 3306.176 5295.199
05/05/2024 4670 3911.224 2514.148 5308.301

TABLE 7

Forecasting Value of ARIMA (2,2,0)
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Date Actual Data Predicted Data Lower Bound Upper Bound
14/04/2024 5225 5237.937 4917.616 5558.259
21/04/2024 5150 5062.904 4569.305 5556.503
28/04/2024 4830 4706.418 4013.405 5399.431
05/05/2024 4670 4557.842 3582.185 5533.499

According to the forecasting values in TABLE 6 and TABLE 7, the best model can be determined by
comparing the error shown in TABLE 8.

TABLE 8
Error Measured from ARIMA Models
Model ARIMA MSE RMSE MAE MAPE
[1,2,0] 289180.2314 537.754806 493.12 10.11%
[2,2,0] 8901.2517 94.346445 83.94 1.72%

TABLE 8 shows that the ARIMA (2,2,0) model has the lowest error. This means that ARIMA (2,2,0) is the
best and effective model for forecasting the stock price of Bank Negara Indonesia Tbk (BBNI). Based on
TABLE 4, the best model can be written in the form of the equation as follows:

W, = —0.8276W,_; — 0.5111W,_, + ¢, (13)

Let,
W=Y:—Yq

Then the equation becomes
Ye—Yi1=—-08276(Y;—1 —Y:3) —05111(Y,—; —Y;—3) +e;
Y,=Y,4 —0.8276Y,_1+0.8276Y;_, —0.5111Y,_, + 0.5111Y, 3+ ¢,
Yy =00.1111111Y,; + 00.3313333Y,_1; + 00.33111Y; 35 + ¢, (14)
This model can be accurate in predicting future stock prices, as proven by the Mean Absolute Percentage Error

(MAPE) value below 10% of 1.72% [13]. In Figure 6 shows the visualization plot of forecasting ARIMA
(2,2,0) of Bank Negara Indonesia Tbk (BBNI) weekly stock price from April 14, 2024 to May 5, 2024.
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Figure. 6 Plot of Forecasting ARIMA (2,2,0)

Although the ARIMA (2,2,0) model shows the prediction of BBNI weekly stock price is well, this study

still has several practical limitations. The model depends only on historical prices and does not account for
external factors such as macroeconomic conditions or market sentiment. The dataset is also relatively
small, only 61 weekly observations and focuses on a single company, so the results may not fully represent
broader for market behavior.

These limitations provide directions for future research. Further studies may include additional variables

using ARIMAX or another multivariative models, compare with ARIMA with machine learning method or
apply the analysis to a larger dataset. These extensions would strengthen the consistency of forecasting
models and offer broader insights for both academics and practitioners.

IV.CONCLUSION

Based on forecasting results obtained from weekly stock price data of PT. Bank Negara Indonesia Tbk

(BBNI), spans from March 5, 2023 — May 5, 2024. The research analyzed the data from investing.com website
with a total of 61 data, 57 data as training data and 4 data as testing data. This predicts the closing prices of PT.
Bank Negara Indonesia Tbk (BBNI) for the next 4 weeks using Box-Jenkins method. It’s resulting ARIMA
(2,2,0) as the best model since this model passed the residual test and has the smallest error to be used to
forecast the stock price. Expressed by the following equation:

Y, =0.1724Y,, + 0.3165Y,_, + 0.5111Y, 3 +e;
The model effectively forecasted the weekly stock price of PT. Bank Negara Indonesia Tbk (BBNI) with

the smallest error metrics of MAPE 1.72%, MSE 8901.2517, RMSE 94.346445, and MAE 83.94.
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