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ABSTRACT

This research has sought to determine how the crude oil price volatility (COPV) relates
to economic growth (EG) using the case of the OECD countries between 2000 and
2022. Therefore, this article employs various panel data estimation strategies: random
effect regression, fixed effect regression, dynamic panel data estimation, one-step sys-
tem GMM and dynamic panel data estimation; two-step system GMM. The chosen
time domain consists of oil-producing and consuming major countries within the
OECD. The key findings of the study suggest that COPV has adverse effects on the
growth of OECD economies. This would consequently mean that the knowledge of
how volatility in crude oil prices (COPs) could affect very influential economic per-
formance is of paramount importance and might bring out certain vital challenges
that could be brought up by oil market volatility. The article ends with a few policy
suggestions that may assist in mitigating the adverse impact of exogenous, unpredict-
able fluctuations in oil prices on the EG of the countries of the OECD.
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IMPACT STATEMENT

This research provides critical insights into the relationship between crude oil price
volatility (COPV) and economic growth (EG) within OECD countries, offering significant
contributions to macroeconomic theory and policy formulation. By employing robust
panel data estimation techniques, including dynamic panel data analysis and system
GMM, the study examines the adverse effects of COPV on the economic performance
of both oil-exporting and oil-importing nations over a 23-year period. The findings are
particularly relevant for policymakers in oil-dependent economies, where economic
stability is more vulnerable to oil price fluctuations. The research challenges traditional
economic models by highlighting the asymmetric and nuanced nature of oil price
effects, emphasizing the need for tailored risk management strategies and macroeco-
nomic policies to mitigate the unpredictable impacts of COPV on growth. The theoret-
ical advancements made in understanding the complex interplay between oil prices,
COPV, and economic growth extends the existing knowledge in macroeconomics,
international trade, and econometrics. These insights can be leveraged to enhance
economic resilience in the face of volatile global oil markets.

1. Introduction

The current wave of interest in volatility in crude oil prices (COPV) and their impact on economic growth
(EG) has been driven by a critical role. Crude oil is an internationally traded commodity accounting for
approximately 33% of global energy consumption, with almost all of it — about 94% - being devoted to
transportation (Wachtmeister et al., 2018). It also shows that the prices of crude oil and other risky assets
are associated with uncertainties (Mehrara & Oskoui, 2007). Moreover, the price movements in Plourde
and Watkins (1998) view are more important for the economy as compared to minerals.
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Henry (1977) asserts that increases in oil prices within exporting countries can enhance EG due to
increased earnings and income, although they can bring negative effects, such as delayed investments
and lower output when they occur in importing nations. Hamilton’s analysis on imported economies
indicates that higher oil costs lead to expenditure delays, postponed capital outlays and rising concerns.
Similarly, COPV was positively related with unemployment according to his earlier works (Hamilton,
1983, 1996). A number of studies like Hooker (1996), however, could not establish any direct relationship
between macroeconomic variables and changes in crude oil prices (COPs) whereas others, such as
Ferderer (1996), Lardic and Mignon (2006, 2008) and Mork (1989), oil prices and EG have a non-linear
association. Thus, developing countries that heavily rely on oil income will be affected directly by a rise
in oil prices because of the associated increase in funds for developmental projects, which are also likely
to influence macroeconomic policies. In summary, this study finds that COPV has a complex relationship
with EG, implying that there are many different effects of oil price changes on various countries depend-
ing on whether they are net importers or exporters of energy.

In the twenty-first century, petroleum has become one of the most essential resources for global
economies and it influenced by several factors, such as supply-demand dynamics, petroleum trade activ-
ities (imports and exports) and speculative transactions. This has increased vulnerability to crude-oil price
volatility brought about by occurrence of wars; OPEC production pricing; shocks in petroleum stocks;
weather events and other market vagaries (Fesharaki & Hoffman, 1985). They assert that oil price
changes can make it difficult to predict output levels even though they may not have much impact on
total production especially in economies like Canada.

Given the crucial role that oscillations in COPs play in the macroeconomic performance of both oil
importers and exporters, these impacts need to be examined as well as each country’s Gross Domestic
Product (GDP) responsiveness to such changes. It is relevant to note that the relationship between oil
prices and EG varies depending on where the economy stands, and what is happening to oil prices (Das
et al,, 2018; Kilian & Vigfusson, 2011). This variability points out why it is important for policy makers to
analyze complex interrelationships between oil prices and economic indicators before making decisions
of general interest.

The key area of focus in prior researches by Cunado and Pérez de Gracia (2003) and Jiménez-
Rodriguez (2008) has been on this line. Nevertheless, these studies are limited because they have
employed techniques from time-series analysis, used data from a single nation or at least one advanced
country for historical reasons over certain periods. To bridge this gap, this article examined how varia-
tions in COPV impact the EG of OECD countries while outlining price movements of crude oil (COP)
within those countries and explaining its effects on EG. Panel data analysis was employed in this study
to consider heterogeneity, spillover effects and time-dependent adjustments, offering a comprehensive
examination of the topic. The study consists of 26 OECD-country sample during 23 years from 2000 to
2022. For the analysis of these data and fulfillment of this study’s objective, various econometric meth-
odologies were employed, including the random effect regression model; fixed effect least squares
dummy variables (LSDV) by its acronym; and one- and two-step Generalized Methods of Moments.
These research methodologies have been selected to deal with the complexity of the research questions
and seek robust answers regarding the relationship of COPV, changes in COP and EG in the OECD
nations. With the purpose of fulfilling the objectives of this article, we have attempted to get answers to
the following research questions:

R.Q.1: What is the predicted severe impact of COPV on OECD nations?
R.Q.2: What effects do fluctuating oil prices have on the OECD countries?
R.Q.3: How much fluctuating COP and COPV should be considered when projecting OECD countries’ EG?

R.Q.4: Is there a need for more forecasting methods to assess COP so that companies can make the right
decisions in oil production?

This study makes significant research contributions in multiple dimensions. First, it looks into the
extensive consequences of crude oil price volatility (COPV) on economic growth (EG), by considering
various macroeconomic variables for countries that are both oil consumers and producers. This problem
has never been addressed before, which shows its novelty and significance. Second, this study



COGENT ECONOMICS & FINANCE . 3

investigates the asymmetric nature of oil prices effects in order to ascertain the importance of both oil
prices and COPV while assessing or predicting EG. The analysis employs a robust methodology such as
random effect regression, fixed effect regression, one-step GMM models and two-step GMM models
among others. It reveals that while changes in COPV have limited positive influence on EG; fluctuations
in oil price significantly impact on economic development thus revealing how things work out intri-
cately. Additionally, forecasting COPV is important for businesses since it helps them to predict and
respond to changes in COPs thereby allowing them to prepare for any uncertainties that may arise from
such movements within their respective markets. Furthermore, separate analyses for oil-consuming and
oil-producing countries indicate that volatility tends to negatively affect nations reliant on oil imports
while benefiting those engaged in oil exports, underscoring the diverse effects across different econo-
mies. These findings provide valuable insights into the complex relationship between COPV, oil prices
and EG, offering practical implications for policymakers and businesses alike.

The sections of the study are ordered as follows: Section 2 reveals trends in COPV in OECD countries
(1950-2020). Section 3 reveals previous studies. Section 4 discusses the outcomes and their interpret-
ation. Finally, Section 5 concludes the study by offering conclusions with suggestions and limitations.

2. Crude oil price volatility in OECD countries (1950-2020)

Figure 1 shows a detailed look at how oil trade has evolved among OECD countries from 1950 to 2020,
highlighting trends in oil imports and exports. In 2015, buying countries spent 25% (which amounts to
USD 841.6 billion) of oil costs. After that, oil imports dropped by 12.1% from USD 1.201 trillion in 2018.
The Asia-Pacific region spent the most on imported oil in 2019, making up 54.2% of the total, followed
by Europe at 28.2% and North America at 13.9%. Notable increases in oil imports were seen in China
(77.7%), India (41.4%), the UK (33.2%) and Singapore (33.1%), showing big growth in these markets. On
the flip side, import costs in the US fell slightly by —0.2% in the last five years. On a global scale, oil
exports hit about US$1.004 trillion in 2019, showing a 30.9% jump from 2015. Middle Eastern countries
were at the forefront of oil sales, bringing in $383.6 billion, which accounted for 38.2% of worldwide
merchandise sales. In terms of geography, Asian nations were the top importers of crude oil, making up
44.1% of total imports. The US saw a huge rise in crude oil exports by 640.5% since 2015, with Libya fol-
lowing at 267.9%, the United Arab Emirates at 109.4% and Brazil at 103.7%. However, Angola experi-
enced a 26.4% drop in oil sales during the same period. The United States saw a huge 640.5% rise in
crude oil exports since 2015, with Libya (267.9%), the United Arab Emirates (109.4%) and Brazil (103.7%)
also experiencing significant increases. On the other hand, Angola faced a 26.4% decrease in oil sales
during the same time frame. It's worth noting that while these numbers give us a glimpse into oil trad-
ing patterns, we should be careful when interpreting estimated figures for Saudi Arabia due to possible
data inaccuracies.
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Figure 1. Trend of crude oil prices volatility (1950-2020).
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According to Amuda (2023), the country is the 10th largest producer of oil and gas globally, with 37
billion barrels of oil and 206 trillion cubic feet of gas. Energy exports are crucial for the country’s econ-
omy. On the other hand, India is the second-largest producer of crude oil worldwide, producing 4.972
million barrels per day, which is about 5.1% of the global refining capacity. India also consumes the
most crude oil in the world, accounting for 4.8% of the total global consumption, as mentioned by
Kumari and Sharma (2019).

3. Literature review

It is worth noting that a large number of studies have investigated the link between COPV and eco-
nomic activities in both developed and developing countries, following Hamilton (1983). As a result of
the numerous findings, it can be seen that the increase in COP worsens economic activities in oil-pro-
ducing countries, as well as those in oil-consuming countries. Through various demand and supply chan-
nels, they have been identified as investment, inflation rates, interest rates, unemployment, international
trade and domestic trade as elucidated by Hamilton (1983), Gupta and Krishnamurti (2018), Sadorsky
(1999), Kumari and Sharma (2018) and Kumari et al. (2021). Increased COPV has been consistently linked
to reduced economic activity, thereby impacting overall GDP, as evidenced by Sadorsky (1999). Similarly,
in the case of African states, Omojolaibi and Egwaikhide (2013) employed the VAR method to study the
case of oil price volatility on EG, specifically in the group of oil exporters. The results indicated that OVG
influences one of the key driving forces of growth, investment in the real sector. Likewise, Kocaarslan
et al. (2020) employed NARDL and discovered an asymmetrical relationship between oil prices and trade
openness, credit costs and unemployment. The research confirms that the costs of oil increased and pro-
longed the unemployment period while the low prices had no influence, which is consistent with
Carruth et al. (1998) and Baumeister et al. (2010).

Akinlo and Apanisile (2015) utilized panel data analysis to investigate the impact of crude oil price
(COP) differences on EG across twenty sub-Saharan African countries (SSA) from 1986 to 2012.
Employing the dynamic stochastic general equilibrium (DSGE) method, their study revealed that COP dif-
ferences have a positive but statistically insignificant impact on EG for non-oil-based economies, whereas
crude oil-exporting economies experienced a significant positive effect. On a broader scale, de
Cavalcanti et al. (2015) conducted an analysis spanning 118 countries from 1970 to 2007. Using the
Generalized Method of Moments (GMM) technique, they discovered that commodity price volatility
exerts a negative influence on EG, affecting total productivity, human capital and physical capital. In
contrast, Plante and Traum (2012) affirmed that heightened oil price instability leads to increased invest-
ment across various sectors, positively impacting real GDP, as highlighted by Kumari and Sharma (2017).
Further exploring the relationship between COP and economic variables, Abid and Alotaibi (2020) ana-
lyzed personal financial commitment in Saudi Arabia from 1980 to 2016, considering additional determi-
nants, such as gross savings, financial sector development, public sector investment, economic
globalization and EG. They concluded that COP has a positive and significant impact on private invest-
ment in Saudi Arabia. Shifting focus to global implications, Mohaddes and Pesaran (2016) as well as
Mohaddes and Pesaran (2017) examined the effects of real output, oil prices, interest rates and real
assets on the EG of 27 economies. Their findings indicated that shocks to oil supply from Saudi Arabia
have severe negative consequences for the international economy, with real GDP decreasing in both
developed and developing nations and real equity prices falling sharply globally. Similarly, Lorusso and
Pieroni (2017) delved into the macroeconomics of the UK concerning shifts in oil prices globally. They
observed that the type of oil shock experienced determined the effect of oil price variations on UK
macroeconomic aggregates. While the short-term performance of the UK economy was not materially
impacted by rises in aggregate and oil market-specific demand, disruptions in crude oil supply led to a
sharp decline in GDP growth, accompanied by an increase in inflation following rises in real oil prices.
The study done by Mohaddes and Raissi (2017) and Mohaddes and Pesaran (2017) highlighted the
dynamic relationship between oil prices and the macroeconomic effects of declining oil prices as a result
of the oil revolution in the USA. This is in light of the changing economic landscape. They used the glo-
bal VAR model to analyze 38 regions and discovered significant differences between the responses of
various nations to the US supply-driven COPV, with real GDP rising in both developed and developing
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oil-consuming markets while falling in emerging markets, the inflation rate falling and equity prices ris-
ing globally. Similar to this, Mohaddes and Pesaran (2017) assessed how the United States and the rest
of the world may be impacted by short-term drops in oil prices using the GVAR method. These studies
frequently focused on the investigation of the direct effects of oil price shocks as well as the indirect
effects of oil price changes through secondary and tertiary channels.

In a recent study by Zhang et al. (2024), a long-term causal relationship between EG and natural
resources in China was confirmed. Evans (2023) further contributed to this understanding by revealing
that increasing oil prices, through substitution effects, result in heightened investment in renewable
energy transition (RET) in both the short and long run. Conversely, declining oil prices lead to reduced
RET investment over time. Bilal et al. (2024) employed a range of analytical techniques, including fuzzy
time series, the ARIMA model and support vector machines, to explore the interaction between financial
and commodity markets. Their investigation aimed to identify the most effective method for assessing
this relationship, culminating in a prediction of a forthcoming decline in WTI COPs. This anticipated
trend carries positive implications for the global economy. In parallel, Salisu et al. (2024) and Salisu et al.
(2017) delved into the connection between global technology shocks and the crude oil market, spanning
from 1880 to 2018. Their analysis underscored the unpredictable nature of this relationship, notably
highlighting observations following the ‘Great Depression’ of the 1930s. This collective research effort
has significantly advanced our understanding of the complex interplay between oil price fluctuations
and the economy, elucidating the diverse effects of oil price shocks across different countries and
regions.

The extensive review of existing literature on the impact of crude oil price volatility (COPV) on eco-
nomic activity reveals a wealth of insights. However, several notable research gaps and areas for future
exploration emerge from this review. By addressing these research gaps and embracing interdisciplinary
approaches, future studies can contribute significantly to advancing our knowledge of the complex
interplay between oil price volatility and economic outcomes, ultimately informing more effective policy
measures and strategic decision-making.

4, Data collection and method adopted

The article is based on secondary data that are publicly available. Crude oil data have been obtained
from https://fred.stlouisfed.org/series/WTISPLC and data for all other variables has been extracted from
World Bank available at https://data.worldbank.org/.

4.1. Crude oil price volatility (dependent variable)

The bulk of empirical research analyzing COPV employs the standard deviation (SD) of the moving aver-
age of the logarithm of the dependent variable (crude oil volatility), despite the fact that COPV calcula-
tion is a contentious topic. The realized volatility (RV) method, which was also employed by Andersen
et al. (2004) to calculate OLV in the international power market, was applied in this study. The price-
cost process is represented by this method as a stochastic difference equation:

dYt:l.,l Yt dt+6 Yr dWr (1)

The predicted drift term with a constrained variance is represented as pt where t represents volatility.
Wt displays the continuously compounded price change in the unit interval, or rt, which is denoted as
follows:

t t

Ut du+J c tdW, (2)

t-1

n = lognt — lognt — 1 :J
t-1
The average and variance are determined in cases where it is assumed that du and dWyu are uncorre-
lated. In addition, where t— 1< u< t changes in the conventional Brownian motion are distributed
based on the
Wt —Ws~N (0, ts) for 0 <s <t, therefore the average frt_1 u; du
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4.2. The econometric model

This study investigates how COPV affects EG in OECD countries, including the top oil consuming and
producing countries. The Barro (1998) model which is frequently cited in the EG literature, provides the
basis for our estimated model. COPV is the primary variable of interest in this study. The following equa-
tions are estimated using various panel data econometric approaches to investigate the relationship:

GDPPCit = By + By GDPPCit + B, Oilit + B3 Inflai + B4 FDit + Bs GEir + g CFir + B; TOir + Pg PGi
+ By EXit 4+ By crisis + uy + € (3)

where DPPC was considered as a predicted variable and represents GDP per capita.
Oil price was considered as the annualized real COP instability (Per Barrel USS$).
Infla equals the inflation rate.
Fd denotes financial development.
ge represents government expenditure.
Cf represents gross capital formation.
represents trade openness (total exports and imports divided by GDP per capita).
Pg considered the population growth rate.
Ex considered as a real effective exchange rate.
Crisis is used for the dummy variables (financial crises).
For the above three models, we have framed same time period (2000 — 2022).

GDP per capita (GDPPC) serves as the predictor variable in our regression analysis, with nine inde-
pendent variables under consideration. However, our model primarily focuses on assessing the impact of
COPV, inflation rates and real exchange rates on EG. The control variables encompass gross capital for-
mation, trade openness, government expenditure, financial development, population growth rate and a
dummy variable indicating systemic financial crise. Notably, Asia underwent a severe financial crisis, par-
ticularly in 2007 and 2008, prompting the inclusion of a dummy variable that takes the value of 1 during
these crisis years and 0 otherwise to mitigate these effects.

Our dataset prompted the application of various estimators to address diverse econometric challenges
and ensure robust results. These estimators include the random effects (RE) regression model, least squares
dummy variables (LSDV), and one and two-step GMM methods (Arellano & Bover, 1995). Given the inform-
ative variables and inherent endogeneity, controlled via Instrumental variables (IV), the LSDV model
emerged as more suitable than the RE estimator (Anderson & Hsiao, 1981). A pivotal factor in this decision
is Hausman’s (1978) test, which detects endogeneity even after removing the lagged predictor variable
from the equation. Considering factors like government consumption as a share of GDP, debt-to-invest-
ment ratio and inflation rates are integrated into our analysis, we anticipate a level of economic

Table 1. Summary of data collection, proxy, definition and data sources.

Dependent variable and

independent variable Proxy Description Data source
Growth Real GDP gdppc GDP per capita. World development indicators (WDI)
Real oil price (annually) oil Crude oil (in U.S. dollars per Global financial database

barrel) West Texas
Intermediate (WTI) oil price

Inflation rate Infla Inflation, consumer prices WDI
(annual %)

Financial development fd Domestic credit to the private WDI
sector (% of GDP)

Government expenditure ge General government final wplI

consumption expenditure
(annual % growth)

Trade openness to Total exports and imports WDI
divided by GDP per capita

Population growth rate pg Total population WDI

Real effective exchange rate ex Real effective exchange rate WDI
index (2010 =100)

Dummy for global financial crisejst Dummy variable - (Own estimation)

crises

Source: Own estimation.
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endogeneity in the relationship. The LSDV model effectively addresses this issue by incorporating a coun-
try-specific intercept term, accounting for heterogeneity across countries.

4.3. Collection of data

The analysis encompasses 26 OECD countries, comprising both oil consumer and producer nations, as
listed in Appendix 1. This study focuses on three equations and employs panel data covering the period
from 2000 to 2022. Data for this analysis were sourced from multiple reputable outlets, including the for
Global Financial Database annual oil price volatility figures, and the World Development Indicators
(World Bank) for other relevant variables. Table 1 provides a concise summary of the data collection pro-
cess, proxies used, definitions applied and respective data sources for clarity and reference.

5. Results and discussion
5.1. Descriptive analysis

Table 2 shows the real EG rate recorded for 26 OECD countries from 2000 to 2022, which was 1.501.
Table 1 shows the GDPPC mean of 1.501 and the following having the lowest mean crises: CoCr, Popg,
ge and inflarate are 0.045, 0.091, 0.069, 2.003 and 2.317, respectively, and FD have the highest mean,
which are 108.222.

Table 3 shows that dependent and explanatory variables have pairwise correlations, and it also dem-
onstrated that infla, ge, gc and to are all statistically positive and connected to gdppc. We discovered
that oil, fd and ex had a detrimental and statistically significant link to gdppc.

Table 4 presents the results from various regression models aimed at assessing the relationship
between GDPPC and ten distinct independent variables. The table includes four estimation methodolo-
gies: RE regression (within), dynamic panel-data estimation (one-step system GMM) and dynamic panel-
data estimation (two-step system GMM). The Hausman test results in Table 5 show that the null hypoth-
esis of no correlation between the explanatory variables and the error term (no endogeneity) is rejected

Table 2. Descriptive summary.

Variable Obs Mean Std. Dev Min Max
GDPPC 572 1.501 3.114 —11.758 23.201
oil 571 62.49 29.208 —5.151 117.78
infla 572 2317 4.226 —4.478 54915
fd 572 108.222 43.831 12.869 216.335
ge 572 2.003 2.361 —6.955 10.151
gc 572 23.378 4,158 11.902 46.018
to 572 83.732 41.383 19.798 239.837
PopG 571 0.069 0.771 -0.87 10.4
ex 572 97.949 12.352 55.627 175.134
crises 572 0.045 0.208 0 1
CoCr 572 0.091 0.288 0 1

Sources: Authors estimation.

Table 3. Pair-wise correlation.

Variables 1 2 3 4 5 6 7 8 9 10 11
(1) GDPPC 1

(2) oil —0.046 1

(3) infla 0.09 —-0.014 1

(4) fd —0.294 0.035 —0.262 1

(5) ge 0.266 —0.184 0.17 —-0.157 1

(6) gc 0.321 —0.058 0.119 —0.138 0.445 1

(7) to 0.18 0.083 —0.098 —0.401 —0.008 0.181 1

(8) PopG 0.063 —0.072 —0.003 —0.044 0.07 —0.027 -0.076 1

(9) ex —0.084 0.055 —0.265 0.281 0.028 —0.049 -0.055 0.034 1

(10) crises —0.097 0.226 0.08 0.039 0.06 0.092 0.008 -0.017 0.071 1

(11) CoCr —0.302 —-0.109 —0.058 0.028 0.033 0.007 0.057 —-0.026 —0.068 —0.069 1

Source: Authors calculation.
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Table 4. Results of random effect regression (GLS), fixed effect (within) regression, dynamic

one-step system GMM and two-step system GMM.

panel-data estimation,

(i

Random effect

(i)

Fixed effect (within)

(iii)
Dynamic panel data
estimation, one-step

(iv)
Dynamic panel data
estimation, two-step

Variables regression (GLS) regression system GMM system GMM
Dependent variable: gr
L.GDPPC - - —0.015 (—0.049) 0.011 (0 .055)
oil —0.002 (0.004)** —0.013 (0.005)** —0.086 (0.003)** —0.071 (0.004)***
infra —0.015 (—0.029) —0.045 (—0.034) —0.004 (—0.037) —0.028 (—0.084)
fd —0.013 (0.003)*** —0.037 (0.006)*** —0.009 (—0.006) —0.008 (—0.01)
ge 0.207 (0.055)*** 0.068 (—0.058) 0.166 (0.093)*** 0.137 (—0.107)
gc 0.171 (0.031)*** 0.28 (0.04)*** 0.255 (0.077)*** 0.284 (0.138)***
to 0.007 (0.003)** 0.051 (0.01)*** 0.007 (—0.005) 0.008 (—0.007)
PopG 0.19 (—0.145) 0.143 (-0.136) —1.103 (2.421)** —1.262 (6.303)**
ex —0.01 (—0.01) —0.017 (-0.011) —0.018 (—0.014) —0.004 (—0.04)
crises —2.057 (0.551)*** —1.88 (0.521)%** —1.23 (0.384)%** —1.304 (0.765)***
CoCr —3.482 (0.39)*** —3.769 (0.372)*** —3.443 (0.269)*** —3.176 (0.387)***
Constant —0.611 (-1.23) —3.002 (-1.9) —1.927 (-2.31) —4.187 (-7.676)
AB (1) Overall R* = 0.298 Overall R square = 0.335 Pr > z=0.000 Pr > z=10.000
AB (2) Within = 0.267 Akaike Crit. (AIC) = Pr>2z=0.919 Pr > z=10.966
2614.057
Sargan Between = 0.135 BayestanCrit. (BIC) = Prob > 3> = 0.00 Prob > %* = 0.00
2331.878
Hansen Prob > 7* = 0.330 Prob > 5* = 0.339

Notes: SD in italics, ***p < 0.01 and **p < 0.05 .

Table 5. Hausman test.

Static model

m; (7) = 20.96
Reject Hy as p value < 0.00

Null hypothesis

Ho: EXieluie) = 0
Decision

Dynamic model

ms (8) = 23.70
Reject Hy as p value < 0.00

Notes: Dismissal of invalid means model misspecification/endogeneity.

for both the dynamic and static models, suggesting potential model misspecification or endogeneity
issues.

Comparing the results (in Table 4) across Columns |, II, [l and 1V, it becomes evident that the impact
of oil prices and the severity of the COVID crisis are more pronounced in the dynamic specifications,
aligning with findings from previous studies (Blanchard and Gali, 2010; Nakov & Pescatori, 2010;
Bjornland et al., 2018; Sanchez Garcia & Cruz Rambaud, 2023; Faisal et al., 2024). Specifically, Column II
presents the estimated coefficients for the growth equation, indicating that the lagged GDPPC variable
(GDPPC-1) significantly influences the current growth rate of GDPPC. The coefficient suggests that a 1%
increase in the previous year's GDPPC corresponds to a 0.011% increase in the current GDPPC, support-
ing Faisal et al. (2024).

However, the one-step system GMM dynamic panel data estimation in Column Il shows a different
relationship: a 1% increase in the previous year’s GDPPC results in a 0.015% decrease in the current
GDPPC. This divergence highlights the sensitivity of the growth rate to past economic performance
under different estimation techniques.

Across all columns (I-1V), the coefficients consistently show that a 1% increase in oil prices (COP) leads
to a decrease in EG by 0.002%, 0.013%, 0.086% and 0.071%, respectively. Additionally, inflation, financial
development, population growth, crises and the COVID crisis are all negatively correlated with GDPPC,
with coefficients of —0.028%, —0.008%, —1.262%, —1.304% and —3.176%, respectively. These findings are
consistent with Nakov and Pescatori (2010) and Bjernland et al. (2018), reinforcing the adverse effects of
these factors on EG.

It just so follows from our findings that the volatility of COPs is statistically significantly and nega-
tively related to EG in OECD countries. In conclusion, it follows that our findings are similar to Nakov
and Pescatori (2010), who arrived at a conclusion that oil price volatility deterred GDP growth due to
increased uncertainty affecting investment decisions. In return, Bjornland et al. (2018) discovered that
due to oil price shocks, employment and EG decrease, especially in the case of those economies that
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are heavily dependent on oil imports because shocks increase production costs and reduce the purchas-
ing power of consumers.

The impact of the exchange rate is particularly notable, as an increase in the exchange rate negatively
affects the domestic currency, leading to higher import prices and discouraging production processes
dependent on imported inputs. This observation aligns with established economic theories on currency
depreciation and its implications for domestic production.

The model’s fit is robust, with Model (2)'s likelihood ratio (LR) Chi-square statistic showing a value of
97213.9 and a p value of 0.0000, indicating that the chosen independent variables effectively explain
new ideas related to the environment. The validity of the moment conditions is confirmed, as the null
hypothesis at order 2 was not rejected, evidenced by p values of 0.919 and 0.966 from our test for serial
correlation in the first-differenced errors.

The analysis underscores the complex interplay between various economic factors and GDPPC, high-
lighting the significant role of oil prices, crises and macroeconomic conditions in shaping EG. These
results are consistent with similar studies, reinforcing the need for targeted policies to mitigate negative
externalities and enhance economic resilience.

However, our research goes contrary to the argument put forward by Blanchard and Gali (2009), to the
effect that exogenous influence of oil price volatility on EG has overtime waned due to the improvement of
monetary policies, coupled with efficiency gains with regard to energy/OECD Countries consumption.
While it is true for our analysis to recognize the mitigation factors put in place, it comes out that there is
evidence of a significant negative effect of oil price volatility on GDP growth from the data. This could be
because of the varying time periods and econometric methodologies that the studies utilized.

Our results align with those of Blanchard and Gali (2009) and Sanchez Garcia and Cruz Rambaud
(2023), who assert that oil price volatility has detrimental effects on EG and stability. They argue that
increased volatility raises costs for businesses and consumers, thereby reducing economic activity. Our
study supports this view, demonstrating that oil price volatility consistently diminishes EG across various
estimation models.

However, some studies indicate that this relationship is not straightforward, with factors, such as the
structural characteristics of an economy and the monetary policy response influencing the outcome. For
instance, Hamilton (2003) highlights the complexity of this relationship. Our study contributes to this lit-
erature by using a dynamic panel-data method, finding that lagged GDP is a significant determinant of
current growth rates and that oil price volatility exacerbates negative growth trends in the short run.
These results are in line with previous studies by Mory (1993) and Hamilton (1983, 2003, 2009).

Additionally, COPV poses a significant growth risk for OECD economies. While some studies suggest
that adaptation measures may mitigate these impacts, our analysis confirms the importance of oil price
stability for sustaining robust EG. This underscores the need for OECD countries to implement measures
to cushion the effects of oil price volatility, such as diversifying energy sources, improving energy effi-
ciency and maintaining sound monetary and fiscal policies.

Our findings are consistent with much of the existing literature (Akinsola & Odhiambo, 2020; Ghalayini,
2011; Odhiambo, 2020) which shows that EG is adversely affected by oil price volatility. However, our
results also highlight the persistence of this relationship despite significant advancements in policy and
technology. Future research should explore how structural shifts, alongside a greater emphasis on renew-
able energy sources, can further shield economies from the volatility of oil prices in the long term.

6. Implications

This study has several important implications for development and understanding of theory, for busi-
nesses and for policymakers.

6.1. Theoretical implications

The study helps in understanding the impact of COPV on EG. By examining the extensive consequences
of COPV on EG and considering various macroeconomic variables, it contributes to a deeper understand-
ing of the complex relationship between oil price volatility and EG. This contributes to economic theory
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by shedding light on the mechanisms through which COPV affects EG in both oil-consuming and oil-
producing countries. Also, the use of robust methodologies, such as random effect regression, fixed
effect regression, one-step GMM models, and two-step GMM models contributes to methodological
advancements in econometric analysis. These approaches enhance the validity and reliability of our find-
ings, providing a solid foundation for theoretical implications derived from the results. The separate
analyses for oil-consuming and oil-producing countries reveal divergent effects of COPV, with negative
impacts on nations reliant on oil imports and benefits for those engaged in oil exports. This contributes
to theories of international trade and economic development by highlighting the heterogeneous nature
of COPV effects across different economies.

6.2. Practical implications

In times when the oil market is all over the place, governments in these countries have to stay ready to
step up and do what it takes to keep things stable. It's important to remember that countries that both
buy and sell oil do not usually get hit as hard by ups and downs in the market. This matches up with
what experts have found in their studies, which shows that even though the oil market might calm
down someday, having strong financial rules in place can help protect us from the wild swings in prices.

The models we use to predict how well an economy is doing usually take into account how the oil
market affects things. So, it's important to keep an eye on the oil market and make plans to deal with
its ups and downs. Policymakers should focus on finding ways to make the oil market more predictable
as part of a bigger plan to grow our economies and make them stronger. Given the global nature of oil
markets, addressing oil price volatility may require international cooperation and coordination among
OECD member states and other major oil-producing nations. Collaborative efforts could focus on market
regulation, information sharing and collective action to stabilize oil prices and promote EG.

7. Conclusion

This study examines the impacts of trade openness, inflation rates and COPV on EG across the most
industrialized OECD nations spanning 23 years from 2000 to 2022. Four analytical methods were utilized:
RE regression, fixed effect (inside) regression, dynamic panel data estimation (one-step system GMM)
and dynamic panel-data estimation (two-step system GMM). The dynamic panel data analysis revealed a
negative correlation between COPV and overall economic activity and growth within a broad data
framework. Notably, specific coefficients for actual oil price volatility are significantly higher for countries
like Norway and Canada than for others, highlighting their heightened vulnerability to oil price uncer-
tainties due to their reliance on oil earnings. Conversely, countries importing oil are less affected by oil
price fluctuations. For example, Norway exhibits a sensitivity measure about twice as high as that of the
United States, underscoring the substantial impact of oil price volatility on EG, particularly for nations
heavily reliant on oil exports.

This study investigates the asymmetric nature of oil price effects which adds nuance to existing eco-
nomic theories. By demonstrating that changes in COPV have limited positive influence on EG while fluc-
tuations in oil price significantly impact economic development, this study highlights the importance of
considering both oil prices and COPV when assessing or predicting EG. This challenges traditional eco-
nomic models that may overlook the distinct effects of COPV. The article advances theoretical under-
standing in the fields of macroeconomics, international trade, risk management and econometrics by
examining the complex relationship between COPV, oil prices and EG, and providing insights into the
diverse effects and implications for policymakers and businesses.

8. Limitations of the study and future scope

This study’s main focus on crude oil volatility and how it affects macroeconomic factors has some limita-
tions. In the future, researchers could really benefit from looking at electricity as another important part
of energy markets. Studying how macroeconomic factors influence electricity consumption in both
emerging and developed nations would give us a more complete understanding of how energy markets
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work. To make their research even stronger, researchers could consider using a mix of cross-sectional
and time-series data analysis methods. This would allow them to dig deeper into the connections
between different economic variables and how they affect energy consumption patterns over time and
in different regions.
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Appendix 1. List of sample countries

Country code Country name Full name
4 AUS Australia

5 AUT Austria

9 BEL Belgium

13 CAN Canada

20 CHE Switzerland
21 DEU Germany

24 DNK Denmark

25 ESP Spain

27 FIN Finland

29 FRA France

35 GBR Great Britain
38 GRC Greece

39 IRE Ireland

40 ISL Iceland

51 ITA Italy

53 JPN Japan

55 KOR South Korea
58 LUX Luxemburg
59 MEX Mexico

68 NLD Netherlands
70 NOR Norway

73 NZL New Zealand
74 PRT Portugal

79 SWE Sweden

80 TUR Turkey

81 USA United States
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