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Abstract

The stock market is an institution that provides a facility for buying and selling stocks. Covid-19 is an issue that has affected the
stock markets of many countries, including Indonesia. Due to the pandemic, the condition of stocks before and during Covid-19 is
certainly different. Stocks can be measured using stock indices. To predict future stock conditions, it is necessary to forecast the
stock index. Therefore, this research aims to forecast the Indonesian stock index before and during Covid-19 using the ARMA.-
GARCH time series model. The results show that the best forecasting model for before Covid-19 data is ARMA (0,2) - GARCH
(1,0), and for the data during Covid-19, it is ARMA (3,3)-GARCH (3,3). These findings can help investors make better
investment decisions in the future.
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1. Introduction

The stock market is an institution that provides a market facility to facilitate the buying and selling of securities
between companies and individuals involved (Suhail et al., 2021). Every country has its own stock market, including
Indonesia, which has the Jakarta Stock Exchange Composite (JKSE). Stocks can be measured using stock indices.
Stock indices show trends in investment patterns by providing useful information of the changes in investor behavior
in a specific period, thereby giving an overall image of the market activity (Lim et al., 2023). Changes in stock market
indexes frequently reflect the general mood and market trends (Kapoor, 2023).

In 2019, the Covid-19 pandemic emerged, affecting all sectors. According to Narang, Pradhan and Singh (2023) the
impact of Covid-19 affect a financial sector. The stock market, being part of the financial sector, was likely affected
by Covid-19. There are significant differences in the stock market before and during the Covid-19 pandemic
(Sholikhah, Darmayanti and Zulkarnaen, 2023). The differences can be due to various factors.

Covid-19 entered Indonesia in 2020 and certainly affected the stock market in the country. Even though this year
can be considered the post-Covid-19 period, but there may be future pandemics or other challenges. Therefore, it is
essential to forecast data to understand the future condition of Indonesian stocks. Forecasting the stock index
accurately is of paramount importance for reducing risks in decision-making, by providing some important reference
information (Lv et al., 2022).

Based on the explanation above, this research uses Indonesian stock index data with the aim of forecasting the data
before and during Covid-19. The data used is time series data, so the ARMA and GARCH time series models are
applied. The ARMA is for mean equation and GARCH is for volatility modelling (Feng, 2023). The ARMA-GARCH
model is a hybrid model that can detect heteroskedasticity effects in the stock index data. The results of this research
can help investors make better stock investment decisions in the future.

2. Literature Review
2.1. Stock Return
Return refers to the earnings or profits derived from financial assets. Higher stock prices indicate higher output,

then stock returns and inflation will also be negatively related (Azar, 2013). Equation (1) facilitates the calculation of
stock return value.
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R, )

R; : Stock return attime t,¢t = 1,2, ...,
P; : Closing stock price at time t,
P._; :Closing stock price attime t — 1.

2.2. Stationarity Test

In analyzing time series data, the data used must be stationary; hence, a stationarity test is conducted. Data is
considered stationary if it has constant mean and variance (E.P.Box et al., 2004).

For testing the stationarity of data regarding the mean, a Unit Root Test is performed using the Augmented
Dickey-Fuller Test (ADF Test). The hypotheses of the ADF test are outlined as follows:
H, : § = 0, indicating the presence of a unit root, and the data is non-stationary.
H; : & < 0, indicating the absence of a unit root, and the data is stationary.
Test statistic,

5
t=—% 2
SE(9)
t - The ratio value between the estimated parameter and standard error,

8 _ :Theestimated value of &,
SE(6) : The standard error of §.

The test criteria used at a significance level of 5% are as follows:
1. If |t] > |trricis| OF p-value < a = 0,05, then H, is rejected.
2. If |t] < |trricis| OF p-value = a = 0,05, then H, is not rejected.

Subsequently, for testing the stationarity of data concerning variance, the Box-Cox transformation can be applied.
The Box-Cox transformation is formulated as follows (Osborne, 2010) :

Zr—-1,2%0

Z(1) =
«@ {mZhA=O'

®3)

A: The transformation parameter.

The estimation of the A parameter can be obtained using the Maximum Likelihood method, where the value of A is
chosen based on the minimum residual sum of squares. The transformation is performed if the value of A =1 is not
yet obtained, indicating stationarity in variance.

2.3. Autoregressive Moving Average (ARMA) Model

The autoregressive moving average model is a combined model consisting of the Autoregressive (AR) model and
the Moving Average (MA) model. The Autoregressive (AR) model is a stationary model that utilizes time series data,
where the observed value at time t is influenced by the observed value at the previous time. Meanwhile, the Moving
Average (MA) model is a stationary model that utilizes time series data, depending on the previous residuals. The
ARMA model of order p, g is symbolized as ARMA (p, q) and is represented by the following equation (4).

Zy=c+PiZi g+t Pplipt e — 0164 — - — 048, 4)
Zi : The value of the variable at time ¢,
c . Intercept,
ob; : Autoregressive (AR) model parameter, i = 1,2, ..., p,
Zi—p  The value of the variable at the previous time,
&t : Residual at time ¢,
0; : Moving Average (MA) model parameter, i = 1,2, ..., q,
&—q - Residual at the previous time,
p . Autoregressive order,
q : Moving average order.
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2.4. Generalized Autoregressive Conditional heteroscedasticity (GARCH) Model

The Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model is a model that depends on
previous time variances (order q), not just on previous time residuals alone (order p). According to Wei (2006) the
GARCH(p,q) model has the following equation.

0f =w+aref g + -+ apel, + P10l + o+ Byot g ®)
atz : The residual variance at time ¢,
w . Intercept,
a; : Model parameter, i = 1,2, ..., p,
stz_p : The square of residual at previous time,
'Biz : Model parameter, i = 1,2, ..., q,

0{_q  The square of residual variance at previous time.

2.5. Mean Absolute Error (MAE)

The MAE value is used to evaluate the model, whether the obtained model is accurate or not. According to
(Hodson, 2022), the formula to calculate MAE is as follows:

?=1|Zt - ft|

MAE = ———— (6)
n
Zy : The value of the variable at time ¢,
Zs : The forecast value of the variable at time ¢,
n : The number of observations.

3. Materials and Methods
3.1. Materials

The data used is secondary data, indeks stock closing data every day of Indonesia from www.investing.com. The
period of data is during Januari 2018 — December 2021. The applications used are R Studio and Microsoft Excel.

3.2. Methods

a) Calculating stock returns using equation (1) and conducting stationarity tests.
b) Creating an ARMA (p, g) model based on equation (4).

¢) Creating an GARCH (p, q) model according to equation (5).

d) Forecast stock index and calculating MAPE value according to equation (6).

4. Results and Discussion

a) Stationarity tests

The stock index return data is calculated using equation (1) and then this data is tested for stationarity against the
mean and variance. Testing the stationarity of data against the mean is conducted using the ADF test, and the results
can be seen in Table 1.

Table 1: ADF test results of the Indonesian stock index returns

ADF Test
Data p-value
Before Covid-19 0.01
During Covid-19 0.01

Based on Table 1, a p-value of 0.01 is obtained, indicating the absence of a unit root, thus the data is stationary
regarding the mean. Subsequentlg, the data is tested for stationarity against variance using the Box-Cox
Transformation, and the results can be seen in Table 2.
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Table 2: Box-Cox Transformation results of the ASEAN stock index returns

Box-Cox Transformation

Data A value
Before Covid-19 1
During Covid-19 1

Based on Table 2, the Box-Cox lambda value obtained is 1. Therefore, it can be concluded that the data is
stationary concerning variance.

b) Creating ARMA (p, g) model

‘The next step is create ARMA models for each dataset and later the residual of the ARMA models will be used to
build GARCH models. The ARMA models for each dataset are obtained as shown in Table 3.

Table 3: ARMA model of the Indonesian stock index

Data Model Parameter Estimation
Before Covid-19 ARMA (0,2) 6, —0.092803
b1 —0.782887

) " b3 0.440282
During Covid-19 ARMA (3,3) 0, 0.879021
04 —0.364401

c) Creating GARCH (p, q) model

After obtaining the ARMA model, the residuals from that model are used to form the GARCH model. The
GARCH models for each dataset are presented in Table 4.

Table 4: GARCH model of the Indonesian stock index

Data Model Parameter Estimation

U 0.000064

. ARMA (0,2) — 6, 0.932411

Before Covid-19 GARCH (1.0) 0, 0.349587
aq 0.869961

U 0.000065

o 2.149572

b2 —1.876381

b5 0.567677

6, —2.310482

During Covid-19 éRAl\éél—?(’??)@ 0, 2.130973
’ 04 —0.689756

w 0.000018

a, 0.152952

a, 0.218873

B 0.492901

d) Forecast stock index and calculate MAPE

After obtainingr1 the best model, the next step is to evaluate the model using the MAE value. If the MAE value
approaches zero, the model is considered more accurate. The MAE value are presented in Table 5.

Table 5: MAE value of Indonesian stock index

Actual Data Forecast Data MAE Value

Before Covid-19 —0.002533  0.001847  0.00276895
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0.006348  0.0001351
—0.010448 0.00006388
0.003507 0.00006388
—0.008545 0.00006388
During Covid-19 0.011681 —0.0011669
—0.0017 —0.0009369
0.000137 —0.0003109 0.0038215
0.006491 0.0004376

0.001524 0.0010026

Based on Table 5, the MAE value for the data before Covid-19 is 0.00276895, and for the data during Covid-19, it
is 0.0038215.

5. Conclussion

The results of this study conclude that the best model for forecasting the stock index before Covid-19 is ARMA
(0,2)-GARCH (1,0), and for during Covid-19, it is ARMA (3,3)-GARCH (3,3) because the MAE value is close to
zero, indicating that the model is quite accurate.

References

Azar, S.A. (2013). Inflation and Stock Returns Il. International Journal of Economics and Finance, 6(1), 208-216. Available at:
https://doi.org/10.5539/ijef.v6n1p208.

E.P.Box, G. et al. (2004). Time Series Analysis: Forecasting and Control.

Feng, Q. (2023). Analysis of the Relationship Between ETF Volatility and Liquidity Based on ARMA-GARCH Model. Available
at: https://doi.org/10.4108/eai.6-1-2023.2330355.

Hodson, T.0. (2022). Root-mean-square error (RMSE) or mean absolute error (MAE): when to use them or not. Geoscientific
Model Development, 15(14), 5481-5487. Available at: https://doi.org/10.5194/gmd-15-5481-2022.

Kapoor, L. (2023). Relationship of Stock Market Indices and Individual stocks: A Descriptive Study. PsychologyandEducation,
55(1), 528-536. Available at: https://doi.org/10.48047/pne.2018.55.1.65.

Lim, D.T. et al. (2023). Estimation of stock market index volatility using the GARCH model: Causality between stock indices.
Asian Economic and Financial Review, 13(3), 162-179. Available at: https://doi.org/10.55493/5002.v13i3.4738.

Lv, P. et al. (2022). Stock Index Prediction Based on Time Series Decomposition and Hybrid Model. Entropy, 24(2). Available
at: https://doi.org/10.3390/e24020146.

Narang, S., Pradhan, R.P. and Singh, B. (2023). Covid-19 Pandemic and Stock Market Response: the Role of Covid-Induced
Fear, Investor Attention, and Firm-Specific Characteristics. Asian Academy of Management Journal, 28(1), 311-344.
Available at: https://doi.org/10.21315/aamj2023.28.1.13.

Osborne, J.W. (2010). Improving your data transformations: Applying the Box-Cox transformation. Practical Assessment,
Research and Evaluation, 15(12).

Sholikhah, L., Darmayanti, N. and Zulkarnaen, H. (2023). The Impact Of Covid-19 On Stock Price And Stock Trade Volume
(Case Study of Food and Beverages Companies Listed on the Indonesia Stock Exchange). Basic and Applied Accounting
Research Journal, 3(1), 33—-41. Available at: https://doi.org/10.11594/baarj.03.01.06.

Suhail, K.M.A. et al. (2021). Stock market trading based on market sentiments and reinforcement learning. Computers, Materials



Susanti et al. / International Journal of Business, Economics and Social Development, Vol. 5, No. 3, pp. 98-104, 2024 104
and Continua, 70(1), 935-950. Available at: https://doi.org/10.32604/cmc.2022.017069.

Wei, W.W.S. (2006). Time Series Analysis: Univariate and Multivariate Methods. Technometrics, 108-109. Available at:
https://doi.org/10.1080/00401706.1991.10484777.



