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Abstract

Forecasting stock return volatility is a fundamental issue in finance and investment, as it plays a
crucial role in risk management and supports informed investment decision-making. This study aims to
model and analyze the daily volatility of Saudi Aramco stock returns traded on the Saudi Stock
Exchange by employing Autoregressive Conditional Heteroskedasticity (ARCH) and Generalized
Autoregressive Conditional Heteroskedasticity (GARCH) models. The objective is to identify the most
efficient model for capturing volatility behavior and describing variance dynamics over time.

The study is based on daily stock price data for Saudi Aramco, comprising 1230 observations covering
the period from January 2, 2023, to May 14, 2026. To achieve the study objectives, several
econometric and statistical tests were conducted, including the Augmented Dickey—Fuller (ADF) test
to verify the stationarity of the series and the ARCH-LM test to detect the presence of conditional
heteroskedasticity and volatility clustering.

The empirical findings reveal that Saudi Aramco stock returns exhibit significant volatility clustering
and conditional heteroskedasticity, confirming the suitability of ARCH/GARCH-type models for
analyzing the series. Furthermore, the comparative analysis indicates that the GARCH(1,1) model



provides the best fit and the most accurate representation of return volatility dynamics when compared
with alternative ARCH specifications, based on standard model selection criteria.

Based on these findings, the study recommends the continued use of advanced financial econometric
models for analyzing and forecasting stock return volatility due to their ability to provide deeper
insights into market behavior. It also encourages future research to integrate artificial intelligence and
machine learning techniques to enhance forecasting accuracy in dynamic financial markets,
particularly in the Saudi stock market.

Keywords: Forecasting, Return Volatility, Saudi Aramco Stock, ARCH Models, GARCH Models,
Saudi Stock Exchange.
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Null Hypothesis: RT has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=22)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -28.39932 0.0000
Test criticalvalues: 1% level -3.435599

5% level -2.863746

10% level -2.567995

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
DependentVariable: D(RT)

Method: Least Squares

Date: 05/18/26 Time:13:56

Sample (adjusted): 2/03/2023 5/14/2026
Includedobservations: 1197 afteradjustments

Variable Coefficient Std. Error t-Statistic Prob.

RT(-1) -0.812509 0.028610 -28.39932 0.0000

Cc -6.29E-05 0.000274 -0.229397 0.8186

R-squared 0.402954 Mean dependent var 3.59E-05

Adjusted R-squared 0.402455 S.D. dependent var 0.012279

S.E. of regression 0.009492  Akaike info criterion -6.475160

Sum squaredresid 0.107657 Schwarz criterion -6.466660

Log likelihood 3877.384 Hannan-Quinn criter. -6.471958

F-statistic 806.5213 Durbin-Watson stat 1.977262
Prob(F-statistic) 0.000000
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Null Hypothesis: RT has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=22)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -28.40186 0.0000
Test criticalvalues: 1% level -3.965731

5% level -3.413570

10% level -3.128837

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
DependentVariable: D(RT)

Method: Least Squares

Date: 05/18/26 Time:14:00

Sample (adjusted): 2/03/2023 5/14/2026
Includedobservations: 1197 afteradjustments

Variable Coefficient Std. Error t-Statistic Prob.

RT(-1) -0.813151 0.028630 -28.40186 0.0000

C 0.000277 0.000550 0.503556 0.6147
@TREND("2/01/2023")  -5.67E-07 7.94E-07 -0.713126 0.4759
R-squared 0.403208 Mean dependent var 3.59E-05
Adjusted R-squared 0.402209 S.D. dependent var 0.012279
S.E. of regression 0.009494 Akaike info criterion -6.473915
Sum squaredresid 0.107611  Schwarz criterion -6.461165
Log likelihood 3877.638 Hannan-Quinn criter. -6.469112
F-statistic 403.3491 Durbin-Watson stat 1.976868

Prob(F-statistic) 0.000000
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Null Hypothesis: RT has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=22)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -28.40995 0.0000
Test criticalvalues: 1% level -2.566895

5% level -1.941088

10% level -1.616521

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
DependentVariable: D(RT)

Method: Least Squares

Date: 05/18/26 Time:14:01

Sample (adjusted): 2/03/2023 5/14/2026
Includedobservations: 1197 afteradjustments

Variable Coefficient Std. Error t-Statistic Prob.

RT(-1) -0.812426 0.028597 -28.40995 0.0000
R-squared 0.402928 Mean dependent var 3.59E-05
Adjusted R-squared 0.402928 S.D. dependent var 0.012279
S.E. of regression 0.009488 Akaike info criterion -6.476787
Sum squaredresid 0.107662 Schwarz criterion -6.472537
Log likelihood 3877.357 Hannan-Quinn criter. -6.475186
Durbin-Watson stat 1.977335
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HeteroskedasticityTest: ARCH

F-statistic 72.85036 Prob. F(1,1195) 0.0000
Obs*R-squared 68.77932 Prob. Chi-Square(1) 0.0000
Test Equation:
DependentVariable: RESID*2
Method: Least Squares
Date: 05/18/26 Time:13:41
Sample (adjusted): 2/03/2023 5/14/2026
Includedobservations: 1197 afteradjustments
Variable Coefficient Std. Error t-Statistic Prob.
C 6.84E-05 8.06E-06 8.489793 0.0000

RESID*2(-1) 0.242445 0.028405 8.535242 0.0000
R-squared 0.057460 Mean dependent var 8.99E-05
Adjusted R-squared 0.056671 S.D. dependent var 0.000273
S.E. of regression 0.000265 Akaike info criterion -13.63267
Sum squaredresid 8.39E-05 Schwarz criterion -13.62417
Log likelihood 8161.1564 Hannan-Quinn criter. -13.62947
F-statistic 72.85036 Durbin-Watson stat 2.008787

Prob(F-statistic) 0.000000
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DependentVariable: RT

Method: ML ARCH - Normal distribution (BFGS / Marquardtsteps)
Date: 06/02/26 Time:13:24

Sample (adjusted): 1/04/2023 5/14/2026

Includedobservations: 1227 afteradjustments

Convergence achievedafter 22 iterations

Coefficient covariance computedusingouterproduct of gradients
Presamplevariance:backcast (parameter = 0.7)

GARCH = C(3) + C(4)*RESID(-1)*2 + C(5)*GARCH(-1)

Variable Coefficient Std. Error z-Statistic Prob.
C -0.000306 0.000216 -1.419133 0.1559
AR(1) 0.111689 0.030237 3.693834 0.0002

Variance Equation

C 2.03E-06 2.28E-07 8.898040 0.0000
RESID(-1)"2 0.184341 0.018872 9.767827 0.0000
GARCH(-1) 0.818809 0.014223 57.57120 0.0000
R-squared 0.028151 Meandependent var -0.000135
Adjusted R-squared 0.027358 S.D. dependent var 0.009617
S.E. of regression 0.009484 Akaike info criterion -6.803240
Sumsquaredresid 0.110193 Schwarz criterion -6.782407
Log likelihood 4178.788 Hannan-Quinn criter. -6.795401
Durbin-Watson stat 1.850158

Inverted AR Roots .1
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HeteroskedasticityTest: ARCH

F-statistic 0.002581 Prob. F(1,1224) 0.9595
Obs*R-squared 0.002586 Prob. Chi-Square(1) 0.9594

Test Equation:

DependentVariable: WGT_RESID*2

Method: Least Squares

Date: 06/02/26 Time:13:27

Sample (adjusted): 1/05/2023 5/14/2026
Includedobservations: 1226 afteradjustments

Variable Coefficient Std. Error t-Statistic Prob.

c 0.998891 0.084239 11.85781 0.0000
WGT_RESID*2(-1) 0.001452 0.028584 0.050808 0.9595
R-squared 0.000002 Meandependent var 1.000344
Adjusted R-squared -0.000815 S.D. dependent var 2.773181
S.E. of regression 2774311 Akaike info criterion 4.880312
Sumsquaredresid 9420.885 Schwarz criterion 4.888650
Log likelihood -2989.631 Hannan-Quinn criter. 4.883450
F-statistic 0.002581 Durbin-Watson stat 1.999885

Prob(F-statistic) 0.959487
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