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Abstract— The volatility of stock prices in the market demands the ability to predict future prices accurately which
helps investors and companies to maximize the profits by risk management and investments allocation. PT Ciputra
Development Tbk. is one of the leading property and real estate companies in Indonesia, offering modern concepts.
This study focuses on forecasting the weekly stock price of PT Ciputra Development Tbk. using historical weekly
closing stock price data from January 01, 2024 to December 31, 2024. The forecast utilized Autoregressive
Integrated Moving Average (ARIMA) model. Based on the calculations, it is acquired that ARIMA (2, 2, 0) is the
best and most efficient model to predict the future stock price, as it achieved the highest accuracy, indicated by the
mean absolute percentage error (MAPE) value at 3.213681%.
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I. INTRODUCTION

Stock market is a vital element in an economic system in which it is an open space for investors to trade stocks,
and companies can gain new capital [1]. In this economic era, stock market is full of uncertainty; many external
factors influence a stock’s price drastically. In nature, a stock market is volatile, and many methods have been
developed to predict future stock price. Time-series analysis is an important subset of forecasting algorithms,
especially for ARIMA method [2]. Over the years, the main interest of investors is predicting future stock price
using historical data, known as technical analysis. The ability to predict future stock prices accurately enables the
stakeholders to maximize the profits by managing the risk and allocating investments.

Among many time series model, ARIMA (Autoregressive Integrated Moving Average) is a model which is built
on the assumption that it is stationary. It is recognized with the notation ARIMA(p, d, q); where AR stands for
autoregressive with order p, MA stands for moving average with order g, and the differencing order is shown by
d [3]. Forecasting stock price using ARIMA model is powerful, as it analyzes from past data, without the need of
external variables, which shows the simplicity and reliability of the ARIMA models. Moreover, ARIMA models
outperforms other structural models such as LSTM in terms of short-term projections [4]. The reliance of ARIMA
models with historical data and the reliability in predicting short-term projections, makes it an ideal choice to
forecast financial time series data.

This research applies the ARIMA modeling to forecast PT Ciputra Development Tbk. weekly stock price for a
four-week period from January 01, 2025 until January 31, 2025. The analysis and the historical data use the weekly
closing price data from January 01, 2024 to December 31, 2024, with a sum of 53 data. PT Ciputra Development
Tbk. was established on October 22, 1981 by Dr. (HC) Ir. Ciputra with the name PT Citra Habitat Indonesia [5].
It later become well known as one of the leading property company in Indonesia, offering unique and modern
concepts for commercial property and housing projects. The goal of this forecasting is to provide current and
potential investors with insights into possible future trends in order to make better financial decisions and
strategies.

Previous study has applied several methods in modeling the stock price, however, certain gaps remained.
Trimono et al. (2017) predicted PT Ciputra Development Tbk. stock price from December 1, 2016 to January 31,
2017 using Geometric Brownian Motion, which results in 1.98191% of error, showing that the result is accurate
[6]. Khan and Alghulaiakh (2020) has successfully utilized the ARIMA model to predict stock prices of Netflix
using historical data from April 7, 2015 to April 7, 2020. This study shows that the forecast of Netflix stock prices
accuracy using auto ARIMA, ARIMA (1, 1, 33), and ARIMA (1, 2, 33) are 98.88%, 99.74%, and 99.75%,
respectively. The results convey ARIMA potential to be a forecasting tool for stock prices [7].

Additional studies by Sudipa et al. (2023) have demonstrated that ARIMA model can be used to forecast stock
prices of Indonesia’s top three banks, namely PT Bank Central Asia Tbk. (BBCA), PT Bank Rakyat Indonesia
(Persero) Tbk. (BBRI), and PT Bank Mandiri (Persero) Tbk. (BMRI). The ARIMA model for each stock generates
low MAPE (mean absolute percentage error) value, with 4% for BBCA, 5% for BBRI, and 7% for BMRI, in which
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the MAPE value falls below 10%, showing a high degree of precision [8]. Singgih and Nugraha (2023) has
successfully utilized ARIMA Box-Jenkins method to forecast the monthly stock price of Taiwan Semiconductor
Manufacturing Company Limited using ARIMA (2, 1, 1) as the best model with MAPE value at 3.0116% [9].

Saputra (2024) has evidenced that the ARIMA method can be used to predict PT. GoTo Gojek Tokopedia Tbk
stock price using historical weekly data from April 11, 2022 to February 27, 2023. The study depicts that ARIMA
(2, 1, 2) is the best model, with MAPE value of 7.84535%, which lies below 10% [10]. Hamdani et al. (2025) has
conducted a research to compare the accuracy between ARIMA and Geometric Brownian Motion to predict PT
Gudang Garam Tbk. (GGRM). Using the ARIMA (29, 1, 15), it is found that the MAPE for this forecasting is
3.37%, which is less than 10% [11].

This study addresses the gaps of the previous research by using updated data up to December 2024 and focusing
on predicting the weekly stock prices of PT Ciputra Development Tbk. This study will highlight the ARIMA
model as the main method to forecast the stock price, as a simple and reliable forecasting tool for short-term
financial forecasts.

II. METHODOLOGY

A. ARIMA Box-Jenkins Method

Autoregressive integrated moving average (ARIMA) models are popularized by George Box and Gwilym
Jenkins in 1970. ARIMA is also known as Box-Jenkins method, where it is widely used in financial forecasting.
Before employing ARIMA for forecasting to a time series, the data must first be stationary. Differencing the data
is needed for nonstationary time series [4].

1) Autoregressive (AR)

Autoregressive processes {Y+} with order p which can be abbreviated as AR(p), is a model that predicts
future values based the historical data. AR(p) satisfies the following equation:

Yi=¢1¥e 1+ @Vt + ¢pyt—p +et (1

The current value of the series is a combination of the p most recent past values. The additional term
et shows the error happens at time ¢t that is not explained by the past values. e: is independent of Y¢-1, Yi—2,
Yi-3,....

2) Moving Average (MA)
The moving average process were initially considered by Slutsky (1927) and Wold (1928). This model
can be abbreviated to MA(q), meaning a moving average process with order g and can be written as the
following equation:

Yi=e — 0161 —Ore2— - —04er—q )

3) Autoregressive Moving Average (ARMA)
The time series can be a combination of autoregressive and moving average, written as ARMA (p, q)
or autoregressive moving average process of orders p and q. The ARMA(p, q) model has the following
equation:

Yi=¢1Yea+ Yot +Y, ,+e, —01e, 1 —0re, 5, — - — 046, 3)

4) Autoregressive Integrated Moving Average (ARIMA)
In forecasting nonstationary models, ARIMA (p, d, q) model can be used which is a combination of
AR(p), MA(q), and use differencing with order d. The differencing process is performed to transform
nonstationary models to stationary models. {Y:} followed ARIMA model if the dth difference W: = VY,
is a stationary ARMA process. In general, ARIMA (p, d, q) can be written as follows:

We=¢p Wi+ oW o+ + W, +e —01e1— 026 5——04e, 4)

If the process does not contain any autoregressive terms, then it is called as integrated moving average
or IMA(d, q). If no moving average terms are present, then it is denoted as ARI(p, d) [12].
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Y. :observed time series

Ye—p : past value of time series, lagged by p periods

et : white noise series

et—q : past value of white noise series, lagged by g periods
¢,  :coefficient for AR models

64 : coefficient for MA models

W :stationary transformed series after differencing Y

The accuracy of an ARIMA models can be measured using mean absolute percentage error (MAPE) with the

following formula:
n

1 |A: — Fi
MAPE = o i{:l 7 (5)
where,
n : total number of observations
Ai : actual value
Fi : forecast value

MAPE values can be interpreted into four categories, namely: < 10% = very accurate, 10 — 20% = good, 20 —
50% = reasonable, and > 50% = inaccurate [13].

B. Method for Forecasting using ARIMA Model

The steps to do forecasting using the ARIMA method are shown in Figure 1. The data that is going to be used
to forecast using the ARIMA method needs to be stationary. The stationarity can be checked using the Augmented
Dickey-Fuller (ADF) Test. Stationary data is shown by p-value obtained from the ADF test is < 0.05. If the data
is nonstationary, then differencing needs to be done until the data is stationary. Then, the candidate ARIMA models
can be specified by using the Partial Auto-Correlation Function (PACF) and Auto-Correlation Function (ACF)
graph that cuts at lag time k. The cutoff in PACF graph is used to determine the order p, while the cutoff in ACF
graph is used to determine the order q. Next, the parameters for each candidate models are determined. To
determine the best model for forecasting, residual analysis is done using Shapiro test and Ljung-Box test. Residuals
follow a normal distribution if the p-value in Shapiro test resulted > 0.05, and it is free from autocorrelation if the
Ljung-Box test p-value resulted > 0.05. Then, the forecasting is done. Measurement of errors is used to determine
the best and the most effective model to forecast a certain data. Lastly, the equation for the best model that pass
the residual analysis and has the smallest error is generated using the estimated parameters.

[ Data Preparation ]

v ¥

Stationarity test: Is

the data stationary? Do differencing for the data ]

[ Models specification ] Forecasting ]
[ Estimate the parameters ] [ Measurement of forecast error ]
Residual analysis using Shapiro Determine the equation for

Test and Ljung-Box Test the most efTective model

Figure 1. ARIMA Forecasting Steps

III. RESULTS AND DISCUSSION

A. Data Preparation

The data used in this analysis is PT Ciputra Development Tbk. (CTRA.JK) weekly stock prices from January
01, 2024 to January 31, 2025 with a total of 57 data. The data is divided into two categories: 53 data from January
01, 2024 to December 31, 2024 is used as data training and 4 data from January 01, 2025 until January 31, 2025
is used as data test. The data is shown as a table in TABLE 1 and as a graph in Figure 2. The data is taken from
Yahoo Finance website and is processed using R language in R Studio.
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TABLE 1
STOCK PRICE DATA OF PT CIPUTRA DEVELOPMENT TBK.

Date Close Date Close Date Close
01/01/2024 1190 13/05/2024 1140 23/09/2024 1375
08/01/2024 1245 20/05/2024 1100 30/09/2024 1300
15/01/2024 1220 27/05/2024 1145 07/10/2024 1405
22/01/2024 1235 03/06/2024 1125 14/10/2024 1400
29/01/2024 1195 10/06/2024 1125 21/10/2024 1330
05/02/2024 1245 17/06/2024 1125 28/10/2024 1280
12/02/2024 1220 24/06/2024 1130 04/11/2024 1160
19/02/2024 1255 01/07/2024 1165 11/11/2024 1135
26/02/2024 1320 08/07/2024 1270 18/11/2024 1070
04/03/2024 1235 15/07/2024 1225 25/11/2024 1070
11/03/2024 1230 22/07/2024 1210 02/12/2024 1085
18/03/2024 1310 29/07/2024 1265 09/12/2024 1015
25/03/2024 1300 05/08/2024 1315 16/12/2024 955
01/04/2024 1220 12/08/2024 1285 23/12/2024 975
08/04/2024 1220 19/08/2024 1290 30/12/2024 1000
15/04/2024 1110 26/08/2024 1300 06/01/2025 950
22/04/2024 1160 02/09/2024 1340 13/01/2025 935
29/04/2024 1155 09/09/2024 1310 20/01/2025 1005
06/05/2024 1160 16/09/2024 1335 27/01/2025 985

PT Ciputra Development Tbk. (CTRA.JK)

Stock Price

Date

Figure 2. Graph of PT Ciputra Development Tbk. Stock Price

B. Stationarity Test

The data should be stationary before processing it, which can be confirmed using the Augmented Dickey-Fuller
Test (ADF Test) in R programming language. If the p-value of the data is less than 0.05, then it can be concluded
that the data is stationary. From Figure 3, it can be seen that the data is not stationary. By the Augmented Dickey-
Fuller Test, it is shown that the p-value of PT Ciputra Development Tbk. stock price is 0.8475. Since the p-value
is larger than 0.05, it indicates that the plot of PT Ciputra Development Tbk. stock price is not stationary.
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Figure 3. Plot of PT Ciputra Development Tbk. Stock Price

The differencing method is required in order to make the data stationary by using the “diff(data)” code in R
programming. The data plot after the first differencing is shown in Figure 4. After the first differencing, the
Augmented Dickey-Fuller Test shows that the p-value of the data is 0.1334. This value is larger than 0.05, meaning
the data is not stationary.

First Differencing of PT Ciputra Development Tbk. Stock Price
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Figure 4. Plot of First Differencing of PT Ciputra Development Tbk. Stock Price

The second differencing is required to make the data stationary. Figure 5 shows the plot of PT Ciputra
Development Tbk. stock price after the second differencing, with p-value obtained from the Augmented Dickey-
Fuller Test is 0.01. The p-value is less than 0.05, which indicates that the data is stationary and the order d used
in ARIMA model is 2.

Second Differencing of PT Ciputra Development Tbk. Stock Price

100 150

50

Stock Price

-100

-150

Time.

Figure 5. Plot of Second Differencing of PT Ciputra Development Tbk. Stock Price

C. Model Specification

The ARIMA model used to process this data can be specified from the Partial Auto-Correlation Function
(PACF) and Auto-Correlation Function (ACF) plot of the data. Figure 6 shows the PACF and ACF plot for PT
Ciputra Development Tbk. stock price after the second differencing.
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Figure 6. Plot of PACF and ACF Second Differencing of PT Ciputra Development Tbk. Stock Price

From the information given in Figure 6, it is known that the PACF cuts off at lag time 2 and ACF cuts off at lag
time 1. Thus, the order p and g can be determined, which are 2 and 1, respectively. TABLE 2 shows the
arrangement of the ARIMA model based on these parameters (p, d, q).

TABLE2
SPECIFICATION OF ARIMA MODEL
No ARIMA Model p d q
1 ARIMA (0, 2, 0) 0 2 0
2 ARIMA (0, 2, 1) 0 2 1
3 ARIMA (1, 2, 0) 1 2 0
4 ARIMA (1,2, 1) 1 2 1
5 ARIMA (2, 2, 0) 2 2 0
6 ARIMA (2,2, 1) 2 2 1

D. Parameter Estimation

In autoregressive (AR) formula, the parameters are denoted as ¢p with order p, while in moving average (MA),
the parameters are denoted as 8 with order q. TABLE 3 summarizes that by using the “summary(model)” function
in R programming, the value of the parameters, AIC, and log-likelihood can be determined. TABLE 3 shows the
parameter estimation for each ARIMA Model.

TABLE 3
PARAMETER ESTIMATION FOR ARIMA MODEL
ARIMA Model ARI1 AR2 MA1 Log Likelihood AIC
ARIMA (0, 2, 0) -292.4263 586.8526
ARIMA (0, 2, 1) -0.9721 -274.6258 553.2516
ARIMA (1, 2, 0) -0.5252 -284.1961 572.3921
ARIMA (1, 2, 1) -0.1218 -0.9275 -274.3521 554.7041
ARIMA (2, 2, 0) -0.7707 -0.4579 -278.2818 562.5636
ARIMA (2,2, 1) -0.2452 -0.1737 -0.8034 -274.0151 556.0303

E. Residual Analysis

Shapiro Test and Ljung-Box Test is used in order to determine the best ARIMA model for the data. In Shapiro
test, if the p-value exceeds 0.05, then the data follow normal distribution. In Ljung-Box Test, if the p-value exceeds
0.05, then there is no autocorrelation value or independent. Through these tests, the ARIMA model with p-value
exceeds 0.05 will be chosen. TABLE 4 depicts the results of the Shapiro and Ljung-Box Test for each of the
ARIMA models and the respective results. Models that passed the residual test will be forecasted and the error
will be calculated by comparing it with the real values.

TABLE 4
RESULT OF RESIDUAL ANALYSIS
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No. ARIMA Model Shapiro Test Ljung-Box Test AIC BIC Result
1 ARIMA (0, 2, 0) 0.3771 0.000809 586.8526 588.7844 Not Passed
2 ARIMA (0, 2, 1) 0.8982 0.547 553.2516 557.1152 Passed
3 ARIMA (1, 2, 0) 0.7854 0.0254 572.3921 576.2558 Not Passed
4 ARIMA (1,2, 1) 0.9619 0.687 554.7041 560.4996 Passed
5 ARIMA (2, 2, 0) 0.3488 0.3674 562.5636 568.3590 Passed
6 ARIMA (2,2, 1) 0.8858 0.8606 556.0303 563.7576 Passed

F. Forecast
In the forecasting process, 95% prediction interval is used for lower bound and upper bound.
TABLE 5
FORECASTING VALUE OF ARIMA (0, 2, 1)

Date Actual Data Predicted Data Lower Bound Upper Bound
06/01/2025 950 993.9846 893.2559 1094.713
13/01/2025 935 987.9691 843.3097 1132.629
20/01/2025 1005 981.9537 802.0761 1161.831
27/01/2025 985 975.9383 765.1047 1186.772

TABLE 6
FORECASTING VALUE OF ARIMA (1,2,1)

Date Actual Data Predicted Data Lower Bound Upper Bound
06/01/2025 950 982.4469 881.7681 1083.126
13/01/2025 935 970.0770 831.1571 1108.997
20/01/2025 1005 957.0758 783.7614 1130.390
27/01/2025 985 944.1515 738.8919 1149.411

TABLE 7
FORECASTING VALUE OF ARIMA (2, 2, 0)

Date Actual Data Predicted Data Lower Bound Upper Bound
06/01/2025 950 984.5143 874.2736 1094.755
13/01/2025 935 997.9419 823.2477 1172.636
20/01/2025 1005 1007.6241 759.7877 1255.461
27/01/2025 985 1006.9535 659.5689 1354.338

TABLE 8
FORECASTING VALUE OF ARIMA (2,2, 1)

Date Actual Data Predicted Data Lower Bound Upper Bound
06/01/2025 950 962.1042 861.5852 1062.623
13/01/2025 935 938.7591 800.0151 1077.503
20/01/2025 1005 922.7734 752.2566 1093.290
27/01/2025 985 902.4557 694.5910 1110.320

Based on the forecasting value given by TABLE 5, TABLE 6, TABLE 7, and TABLE 8, the best model for
forecasting using ARIMA method can be determined by comparing the error among the two models as shown in

TABLE 9.
TABLE 9
ERROR MEASURED FROM ARIMA MODELS
ARIMA Model MSE RMSE MAE MAPE
ARIMA (0, 2, 1) 1338.404 36.58421 32.26542 3.377059%
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ARIMA (1,2, 1) 1562.132 39.52381 39.07415 4.020662%
ARIMA (2, 2, 0) 1410.44 37.55583 30.50845 3.213681%
ARIMA (2,2,1) 3433.854 58.5991 45.15855 4.559513%

TABLE 9 shows that the ARIMA (2, 2, 0) model achieved the lowest percentage of error compared with other
ARIMA models, which indicates that ARIMA (2, 2, 0) is the most effective model to forecast PT Ciputra
Development Tbk. Referring to TABLE 3, the best model, which is ARIMA (2, 2, 0) can be expressed in the form
of equation as follows.

We=-0.7707W¢-1 — 0.4579W¢—2 + e: (6)
Since d = 2, then
We=Y—2Yi1+Y 0
Then, the equation become
Ye—2Ye-1+Ye2=—-0.7707(Y -1 — 2Yt—2 + Y¢-3) — 0.4579(Y—2 — 2Yt—3 + Yi-1) + e
Yt=2Y+-1—0.7707Yt-1 — Yt—2 4+ 1.5414Y:—2 — 0.4579Y -2 — 0.7707Y -3 + 0.9158Y¢-3 — 0.4579Y -4 + e¢
Ye=Y:1(2—-0.7707) + Ye—2(—1 + 1.5414 — 0.4579) + Y:—3(—0.7707 + 0.9158) — 0.4579Y ;-4 + e:
Ye=1.2293Y¢-1 + 0.0835Y¢—2 + 0.1451Y:-3 — 0.4579Y -4 + e: ®)

Figure 7 shows the visualization plot of forecasting from ARIMA (2, 2, 0) of PT Ciputra Development Tbk.
stock price forecasting for the next four weeks, from January 01, 2025 until January 31, 2025.

Forecasts from ARIMA(2,2,0)
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Figure 7. Forecasting Plot from ARIMA (1,2,1)

IV. CONCLUSION

The forecasting of PT Ciputra Development Tbk. stock price for the next four weeks from January 01, 2025 to
January 31, 2025 based on the past one-year data from January 1, 2024 to December 31, 2024 with a total of 53
data has been done. By utilizing the ARIMA forecasting in R programming language, it was found that ARIMA
(2, 2, 0) model passed the residual test by the Shapiro and Ljung-Box test. This ARIMA model has the smallest
error among others when used to forecast the price of PT Ciputra Development Tbk. and can be expressed in the
following equation.

Ye=1.2293Y:-1+ 0.0835Y:—2 + 0.1451Y+-3 — 0.4579Y -4 + e:

The forecasting done using the ARIMA modeling provides adequate predictive results, however, there are
limitations in using the ARIMA method to forecast future stock price, such as its ability to take market fluctuations
and economic conditions of a certain country in consideration. The ARIMA model only relies on historical data,
in which external factors that influence the stock price does not take to account. For the next step, it would be
worthwhile to explore hybrid models that combine ARIMA with machine learning, such as Long Short-Term
Memory (LSTM), in order to improve the accuracy of the forecasting and its ability to handle volatile data.
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