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ABSTRACT 
 

Events of geopolitical conflict and the 
stipulation of Presidential Decree No. 112 
of 2022 change the prices of energy 
commodities, such as oil prices which are 
increasing and coal prices are falling. This 
situation influences share price 
movements and investor transactions. This 
research is a time series analysis research 
by looking at event studies . The aim of 
this research is to determine the volatility 
and risk patterns of shares of energy 
sector companies, namely ADRO, PGAS 
and POWR. The method used in this 
research is the ARCH-GARCH model and 
value at risk calculations . Based on the 
results of this research, it can be 
concluded that the three companies 
contain the ARCH( 1) and GARCH(1,1) 
phenomena. The volatility patterns of the 
ADRO and PGAS variables are sensitive 
to events that occur so they are highly 
volatile. Based on the analysis of volatility 
patterns and value at risk calculations , it 
can be concluded that POWR has the 
lowest volatility and risk patterns 
compared to ADRO and PGAS. 
 
Keywords: ARCH-GARCH, time series , 
volatility, stock risk, value at risk . 
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INTRODUCTION 
 
In recent years, the world has experienced geopolitical conflicts involving important 
countries in the global economy such as Russia, Ukraine, America and several Middle 
Eastern countries. This conflict caused damage to the global economy by hampering 
the distribution of energy commodities such as crude oil. The impact is felt by countries 
that have bilateral relations with conflict countries, including developing countries in 
Southeast Asia. 
 
In Southeast Asia, dependence on petroleum from Russia is increasing. The war that 
occurred caused an increase in oil prices, especially for the transportation sector. Data 
shows world Brent oil prices peaked in June 2022 after the outbreak of the Russia-
Ukraine war. The price then decreased, but rose again due to the conflict between 
Hamas and Israel. 
 

 
Figure 1. Monthly Average Movement of World Oil Prices 

 
Source: data taken from katadata.co.id (2023) 
 
Apart from increasing oil prices, geopolitical conflicts also have an impact on 
decreasing coal prices. The Indonesian government issued Presidential Decree no. 
112 of 2022 to accelerate the development of renewable energy, which also influences 
coal prices. Restrictions on the production and sale of coal as an emission producing 
commodity are carried out to support the commitment to green energy. 
 

 
Figure 2. Coal Prices for the 2023 Period 

 
Source: data taken from www.minerba.esdm.ac.id (2023) 

 

http://www.minerba.esdm.ac.id/
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These events caused a decline in coal prices and fluctuations in stock prices in the 
energy sector, such as coal, gas and electricity. High volatility in energy company 
share prices increases investment risk, fueling investor concerns about the 
sustainability of energy sector companies as long-term investments. Investors are 
starting to consider the risk of potential losses when investing in energy companies. 
 
 

 
Figure 3. ADRO, PGAS and POWR Share Price Chart for the 2022-2024 Period 

Source: data processed using E-Views (2024) 
 
Based on the background above, this research was conducted to determine stock 
volatility and risk patterns in energy-related companies, namely PT Adaro Energy 
Indonesia Tbk (ADRO), PT Perusahaan Gas Negara Tbk (PGAS), and PT Cikarang 
Listrindo Tbk (POWR). This analysis is carried out as a form of investment 
consideration for investors so that they make appropriate decisions. 
 

LITERATURE REVIEW 
 

Random Walk Theory and Efficient Market Hypothesis 
Random Walk theory was first discovered by Maurice Kendall in 1953. Then in 1973 an 
economist named Burton Malkiel popularized the random walk theory in his book 
entitled "A Random Walk Down Wall Street" . This theory suggests that price 
movements in the market are basically random and unpredictable (Pratama & Asnawi, 
2020) . The random walk theory assumes that stock price movements in the past 
cannot predict future stock price movements, because stock price movements are 
random and the possibility of an increase in stock prices is as great as the possibility of 
a decrease in stock prices. 

Therefore, the random walk theory is very closely related to the efficient market theory 
or Efficient Market Hypothesis (EMH). Eugene Fama is an economist who developed 
the Efficient Market Hypothesis (EMH) in 1970. This theory states that financial asset 
prices, including stock prices, efficiently reflect all information available in the market, 
both published and unpublished. In an efficient market, stock prices reflect all available 
information. 
 
Stock Price Volatility 
Stock price volatility is a situation where stock prices deviate (up or down) in the index 
from the average (Santioso & Angesti, 2019) . Stock price volatility can occur due to 
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internal and external factors. From an investor's perspective, share price volatility can 
also be interpreted as information that describes how well the company is performing 
by observing the up-and-down movement of share prices. The more trading that occurs 
on a stock, the higher the possibility that the price will change a lot (Samsiar & 
Haryono, 2023) . Investors tend to like shares with a high level of volatility because the 
opportunity to gain capital gains will be greater, although on the other hand, the risk will 
be greater (Larasati et al., 2021) . 
 
Value at Risk 
Value at Risk (VaR) has been used as a model to measure risk exposure since the 
introduction of RiskMetricsTM by JP Morgan in 1994. Value at Risk (VaR) is a common 
method for measuring risk and is considered a standard method (Zulfikar, 2016) . 
Financial institutions have created and use Value at Risk (VaR) as a standard tool for 
reporting their risks. Value at Risk (VaR), according to the theoretical concept of Jorion 
(1996), is a risk measurement that calculates the maximum investment loss and a 
certain target time period at a certain level of confidence under normal market 
conditions. VaR calculates the maximum loss that may occur the next day, the next 
week, and so on during the desired period. 
 
𝑉𝑎𝑅 = 𝑃𝑧!,#$𝜎√𝑡………………………………………………………………………….…..(1) 
 

RESEARCH METHODS 
 

This research uses the Autoregressive Conditional Heteroscedasticity (ARCH) method, 
which was first introduced by Robert Engle in 1982. The ARCH model is a time series 
model to handle research problems for data that has heteroscedasticity effects. The 
ARCH( 1) model occurs because the conditional variance is 𝜎%&influenced only by the 
fluctuation of the squared residual one period ago, so the ARCH model in general is as 
follows: 
 
𝜎%& = 𝛼! + ∑ 𝛼'𝜀%('&)

'*+ …………………………………………………………………….…...(2) 
 
The ARCH model cannot be used to analyze a model that has high order parameters. 
Therefore, someone named Bollerslev (1998) re-developed the ARCH model into a 
model with a more general form, namely Generalized Autoregressive Conditional 
Heteroscedasticity or GARCH. Bollerslev said that the conditional variance is not only 
influenced by the square of the residual one period ago, but is also influenced by the 
conditional variance one period ago . 
 
𝜎%& = 𝛼! + 𝛼+𝜀%(+& +. . . +𝛼)𝜀%()& + 𝛽+𝜎%(+& +⋯+ 𝛽,𝜎%(,& ………………………...………….(3) 

RESULTS 
 

The object of this research is the daily closing stock prices of three energy sector 
companies listed on the Indonesia Stock Exchange (BEI), namely ADRO, PGAS and 
POWR. The data analyzed is historical daily closing stock price data from January 3 
2022 – April 29 2024 totaling 558 data ranges for each company. The data for the three 
companies was processed and produced descriptive statistics written in Table 4.1 as 
follows: 
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Table 1 . Descriptive statistics 
 

Variable 
Company 

ADRO PGAS POWR 
Mean 2,904,892 1,468,746 668,145 
Standard 
Deviation 

518,047 227,826 35,149 

Skewness 0.706 0.307 0.339 
Kurtosis 2,574 2,219 2,791 
Jarque-Bera 50,695 22,939 11,706 
Probability 0,000 0,000 0.002 

Source: secondary data processed using E-Views (2024) 
 
Based on the statistical description of the description of the research object above, it 
can be concluded that the stock price data for the companies ADRO, PGAS, and 
POWR have a relatively low standard deviation from the average and the data tends to 
be stable when viewed in terms of the coefficient of variation because of the large 
amount of observation data and the observation period. long. However, when a 
company has abnormal data distribution, it indicates volatility. So the ARCH GARCH 
model is needed to analyze problems in the time series data. 
 
Table 2. Stationary Test: Augmented Dickey Fuller 
 

ADF Company Share Price Variables 
ADRO PGAS POWR 

t Prob t Prob t Prob 
Degree 0 (level) -1,849 0.356 -1,521 0.521 -2,885 0.047 
Degree 1 (1 st 

difference) 
-23,931 0,000 -24,731 0,000 -26,476 0,000 

Source: secondary data processed using E-Views (2024) 
 
Based on Table 2 above, ADRO and PGAS share prices are not stationary at degree 0, 
indicating the existence of a unit root and non-constant data patterns. On the other 
hand, POWR's share price is stationary at degree 0. In the 1st degree test (1st 
difference), the share prices of the three companies are significant at the 5% level and 
stationary, indicating a stable data pattern without a unit root. Therefore, the analysis 
for POWR will be carried out at degree 1 because it describes the company's return. 
 
Table 3. Volatility Model 
 

Variable 
Company Stock Price Variable Volatility Model 
ADRO PGAS POWR 

Coef Prob Coef Prob Coef Prob 
Constanta ( 𝜶𝟎) 167,673 0.002 30,569 0.003 3,016 0,000 
RESID(-1) SQR ( 
𝜶𝟏𝜺𝒕(𝟏𝟐 ) 

0.084 0,000 0.081 0,000 0.080 0,000 

GARCH (-1) ( 
𝜷𝟏𝝈𝒕(𝟏𝟐 ) 

0.889 0,000 0.888 0,000 0.867 0,000 

Volatility ( 𝝈𝟐) 168,646 31,538 3,963 
Source: secondary data processed using E-Views (2024) 
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Based on Table 3, the share price variables for the three companies ADRO, PGAS, 
and POWR have RESID( -1) SQR and GARCH(-1) values which are significant at the 
5% level. This means these three companies has almost the same model , where the 
patterns of all three are influenced by the ARCH and GARCH phenomena. Where 
containing the ARCH phenomenon means that the volatility pattern of the three 
companies is influenced by the square of the residuals from the previous period, while 
containing the GARCH phenomenon means that the volatility pattern of the three 
companies is influenced by the squared residuals from the previous period and the 
variance of the residuals from the previous period. From the volatility calculation 
results, it can be seen that the three variables have high volatility because they 𝜎&are > 
1. However, POWR is the variable with the lowest volatility among the three companies 
observed. 
 
Table 4. Heteroscedasticity Test 
 

Variable LM-ARCH test 
F-Stat Prob. F Information 

ADRO 0.213 0.644 Homoscedasticity 
PGAS 0.131 0.717 Homoscedasticity 
POWR 0.358 0.549 Homoscedasticity 

Source: secondary data processed using E-Views (2024) 
 
Based on Table 4, the share price variables for the three companies are not significant 
at the 5% level, meaning that the heteroscedasticity test does not reject H0 that the 
data has the same residual variance (homosecedasticity). In other words , these three 
companies do not have symptoms of heteroscedasticity. 
 

DISCUSSION 
 

In the analysis, the ARCH-GARCH model was used to identify the share price volatility 
patterns of the three companies. Based on the calculation results above, it shows that 
ADRO, PGAS, and POWR have the ARCH( 1) and GARCH(1,1) phenomena, which 
means that their volatility patterns are influenced by the squared residual of the 
previous period and the conditional variance of the previous period. ADRO is known to 
have the highest volatility while POWR has the lowest volatility. 
 
The purpose of this research is to determine the impact of events that occur on the 
volatility and risk patterns of the three companies, so the discussion is detailed as 
follows: 
 
a) ADRO : The volatility pattern shows the presence of high variance clusters in 

certain periods, reflecting high volatility. The highest volatility points occurred on 
March 8 2022 and January 6 2023. This pattern shows that ADRO is sensitive to 
market information related to geopolitical conflicts and energy policy, which causes 
high volatility and large risks. 

b) PGAS : The volatility pattern also shows a high variance cluster, with the largest 
spike on September 7, 2022. The period of high volatility occurred between March 
2022 to September 2022, influenced by geopolitical conflicts and energy policy, 
reflecting high risk. 

c) POWR : POWR volatility is the lowest of the three, with high variance clusters in 
May 2022 and August 2023. This volatility is influenced by the Russian-Ukrainian 
geopolitical conflict and other events that affect the distribution of energy 
commodities. 
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Based on VaR calculations, ADRO, PGAS and POWR have VaR values that 
increase over the observation period. With a 95% confidence level, the maximum 
expected loss from investing in ADRO shares in a 558 day period is around 115.7% of 
the share value. This means that in 95% of the scenarios, the maximum possible loss 
will not exceed 115.7 % of the total investment value over a 558 day period. On the 
other hand, there is a 5% chance that the loss experienced could be greater than 115.7 
% . 

Meanwhile, PGAS with a confidence level of 95%, the maximum expected loss 
from investing in PGAS shares in a 558 day period is around 87.9% of the share value. 
This means that in 95% of the scenarios, the maximum possible loss will not exceed 
87.9 % of the total investment value over a 558 day period. On the other hand, there is 
a 5% chance that the loss experienced could be greater than 87.9 % . 

Meanwhile, POWR with a confidence level of 95%, the maximum expected loss 
from investing in POWR shares in a 558 day period is around 46.2% of the share 
value. This means that in 95% of the scenarios, the maximum possible loss will not 
exceed 46.2 % of the total investment value over a 558 day period. On the other hand, 
there is a 5% chance that the losses experienced could be greater than 46.2 % . 

 
CONCLUSION 

 
This research evaluates the impact of geopolitical conflicts and Presidential Decree no. 
112 of 2022 concerning renewable energy on stock price volatility in the energy sector. 
The research object is the daily share prices of PT Adaro Energy Indonesia Tbk 
(ADRO), PT Perusahaan Gas Negara Tbk (PGAS), and PT Cikarang Listrindo Tbk 
(POWR), using the ARCH-GARCH model. Based on the analysis that has been carried 
out previously, several main conclusions can be drawn as follows: 
 
1. The volatility patterns of the three significant companies contain the ARCH( 1) and 

GARCH(1,1) phenomena with a significance level of 5%. This means that the 
volatility pattern of the three companies is influenced by the squared residual of the 
previous period and the conditional variance of the previous period. 

2. Based on volatility calculations using the ARCH-GARCH model, the ADRO variable 
has the highest volatility, which means that ADRO has share price uncertainty and 
therefore has high risk. Meanwhile, the lowest volatility is owned by the POWR 
variable, meaning that POWR has more stable share price movements compared 
to ADRO and PGAS so that the risk of POWR shares is lower. 

3. Based on volatility graph analysis, the ADRO and PGAS variables are sensitive to 
events and information circulating in the market because spikes in high volatility 
occur during times of hot geopolitical conflict and the enactment of Presidential 
Decree No. 112 of 2022. Meanwhile, POWR does not experience spikes during hot 
times. information circulating in the community, but actually spikes outside the time 
the event occurs, so it can be concluded that the POWR share price variable is not 
sensitive to information circulating in the market. 

4. Based on the risk value calculation using the VaR formula, the ADRO variable has 
a higher risk compared to PGAS and POWR. Meanwhile POWR has the lowest risk 
value. So ADRO is very popular with risk seeking investors , PGAS and POWR are 
very popular with risk averse investors and risk neutral investors . 

 
LIMITATIONS 

 
1. The time period observed is too long for event studies research , namely looking at 

the impact of an event on stock price volatility, so that volatility does not appear too 
volatile. Therefore, for event studies research it is recommended to use a shorter 
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observation period so that you can better see momentum or volatility, the impact of 
an event. 

2. Although the use of the ARCH-GARCH model is effective, it does not cover the 
possibility that other models such as EGARCH or TGARCH can provide more 
comprehensive and accurate results . 
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