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ABSTRACT

This study investigates the impact of crude oil price uncertainty on U.S. fossil energy production, clean energy consumption, and economic output 
growth from January 2000 to June 2024. Employing the Nonlinear Autoregressive Distributed Lag (NARDL) model, the analysis captures both short-
term and long-term asymmetric effects among the variables. The findings reveal that crude oil price uncertainty exerts a significant negative influence 
on fossil fuel production in both the short and long terms. Conversely, while renewable energy consumption initially responds positively to crude oil 
price volatility in the short run, this effect becomes significantly negative over the long term. Additionally, crude oil price uncertainty consistently has 
a significant negative impact on output growth in both the short and long runs. The Generalized Impulse Response Function (GIRF) analysis within a 
Vector Autoregression (VAR) framework demonstrates that shocks to crude oil prices result in sustained declines in both fossil energy production and 
renewable energy consumption, with reductions of approximately −0.003% points within 5-6 months. The adverse effect on output growth intensifies 
over time, underscoring the prolonged economic repercussions of oil price uncertainty. The study highlights that linear models are insufficient for 
capturing the complexities of oil price volatility, as corroborated by Wald test results. In response to these findings, the study offers several policy 
recommendations to enhance economic stability. These include prioritizing energy source diversification to reduce reliance on volatile fossil fuels, 
establishing stabilization mechanisms such as strategic reserves and price stabilization funds, and fostering the transition to clean energy through 
increased investment and technological advancement. Furthermore, implementing counter-cyclical fiscal measures and investing in infrastructure can 
help stabilize the economy during downturns, while enhanced monitoring and forecasting capabilities are crucial for effectively managing oil price trends.

Keywords: Crude Oil Price, Fossil Energy, Clean Energy, Output Growth, Asymmetric Analysis, Nonlinear Autoregressive Distributed Lag-Error 
Correction Model 
JEL Classifications: F47, G15, G17, Q20, Q40

1. INTRODUCTION

Crude oil price volatility has long been a focal point of economic 
research due to its substantial influence on various sectors, notably 
fossil fuel production, renewable energy adoption and economic 
growth. The erratic nature of crude oil prices significantly impacts 
investment decisions, production levels, and policy formulations 
within the energy market. Understanding these dynamics is 
particularly critical for the United States, one of the largest global 

producers and consumers of energy, where both fossil fuels and 
clean energy sources are integral to the economy. Crude oil price 
shocks directly influences fossil fuel production because the 
profitability and sustainability of extraction activities are closely 
tied to price levels. When prices surge, producers are motivated 
to increase output to maximize profits. Conversely, price drops 
can lead to reduced production due to lower profit margins and 
potential financial losses (Baffes, 2021). This variability not only 
affects the immediate supply of fossil fuels but also impacts long-
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term investments in extraction technologies and infrastructure 
(Smith, 2020).

The relationship between crude oil price shocks, clean energy 
consumption and output grwoth is complex. Elevated crude 
oil prices often make clean energy sources more competitive, 
prompting a shift towards renewable energy (Hamilton, 2018). 
Conversely, when oil prices are low, the cost advantage of clean 
energy diminishes, potentially decelerating the transition to a 
greener energy mix (Jones et al., 2019). This dynamic interplay 
influences energy policy and investment decisions, shaping the 
overall energy landscape in the United States. Thus, scientists 
and policymakers in the US and globally are examining the 
factors of fossil fuel energy price uncertainty that can enhance the 
consumption of clean energy sources and its effects on industrial 
production. These factors include government programs (such as 
rebates, subsidies, or tax credits) and the creation of renewable 
certificates (Apergis and Payne, 2010; Kaygusuz, 2007).

Crude oil price volatility also has broader economic implications, 
impacting output growth and economic stability. Sharp fluctuations 
in oil prices can generate economic uncertainty, affecting 
consumer spending, business investment, and overall economic 
performance (Kilian, 2022). The United States, with its diverse 
energy portfolio, experiences these impacts across various sectors, 
from transportation to manufacturing, highlighting the need for 
effective management of price volatility to sustain economic 
growth (Baumeister and Peersman, 2020). Recent trends indicate 
increasing volatility in crude oil prices due to geopolitical 
tensions, supply chain disruptions, and shifts in global demand 
patterns (EIA, 2023). These trends underscore the importance 
of developing robust strategies to mitigate the adverse effects 
of price volatility on fossil fuel production and clean energy 
consumption. Policymakers are increasingly focused on promoting 
energy diversification and resilience to ensure stable economic 
growth and a sustainable energy future (Caldara et al., 2021). 
Empirical insights from the United States provide a comprehensive 
understanding of the impacts of crude oil price shocks on fossil 
fuel production, clean energy consumption, and output growth. 
By examining these relationships, this study aims to contribute to 
the ongoing discourse on energy economics and policy, offering 
valuable perspectives for stakeholders in the energy sector and 
beyond.

Historically, the volatility of crude oil prices has been attributed to 
various factors, including geopolitical events, market speculation, 
and changes in global supply and demand dynamics. For instance, 
political instability in key oil-producing regions can cause 
sudden supply disruptions, leading to price spikes (Hamilton, 
2018). Similarly, economic sanctions or trade embargoes can 
reduce the availability of oil on the global market, exacerbating 
price volatility. The Russian-Ukrainian war has significantly 
impacted crude oil prices by creating substantial uncertainty 
and disrupting supply chains. Sanctions on Russian oil exports 
and the reduction of Russian oil in the global market have led 
to price increases and heightened volatility. Market speculation 
also plays a critical role, as traders’ perceptions of future supply 
and demand conditions can lead to significant price swings. The 

advent of financial instruments such as futures contracts has 
amplified these speculative activities, adding another layer of 
complexity to oil price movements (Kilian, 2022).

In the context of fossil fuel production, price volatility can 
profoundly affect investment and operational decisions. High 
oil prices typically encourage investments in exploration 
and production activities, as the potential returns justify the 
substantial costs and risks involved. However, the capital-intensive 
nature of these activities makes producers vulnerable to price 
downturns, which can lead to project delays, cancellations, or 
even bankruptcies in extreme cases (Baffes, 2021). This cyclical 
investment pattern contributes to the overall volatility of the oil 
market, as periods of high investment and increased production 
capacity are often followed by supply gluts and price crashes. 
Furthermore, The impact of fossil fuel price volatility on clean 
energy consumption is equally significant but operates through 
different mechanisms. When oil prices are high, the relative 
cost advantage of clean energy technologies such as wind, solar, 
geothermal, biomass and biofuels becomes more pronounced. 
This price differential can accelerate the adoption of clean energy 
solutions, as both consumers and businesses seek to reduce their 
energy costs and hedge against future price increases (Jones et al., 
2019). Additionally, high oil prices can stimulate policy measures 
aimed at promoting energy efficiency and reducing dependence on 
fossil fuels. Governments may implement subsidies, tax incentives, 
or regulatory mandates to encourage the deployment of clean 
energy infrastructure and technologies (Hamilton, 2018).

The broader economic impacts of crude oil price volatility extend 
beyond the energy sector, affecting macroeconomic indicators 
such as inflation, employment, and gross domestic product (GDP) 
growth. Oil price shocks can lead to inflationary pressures, as 
higher energy costs are passed through to consumers in the form 
of increased prices for goods and services (EIA, 2023). This can 
erode purchasing power and dampen consumer spending, which 
is a key driver of economic growth. In addition, sectors heavily 
reliant on energy inputs, such as transportation and manufacturing, 
may experience reduced profitability and lower output during 
periods of high oil prices.

It is widely accepted that recent increases in nonrenewable energy 
prices have coincided with a surge in renewable energy utilization. 
Kilian (2008) provides evidence that gasoline consumption 
dramatically decreases in response to unexpected energy price 
increases. In the U.S., pivotal factors explaining renewable energy 
consumption growth include concerns about dependency on 
foreign fossil energy (Bowden and Payne, 2010), high volatility 
in energy market prices, and fears of persistently high inflation 
caused by expensive oil prices (Kilian et al., 2021).

In a more recent study, Avazkhodjaev et al. (2024) studied 
the relationships between renewable energy investments and 
Islamic and conventional stock markets in the US, UK, and EU 
from January 1, 2002, to August 1, 2023. Using the Nonlinear 
Autoregressive Distributed Lag (NARDL) model, they found that 
green energy investments positively impact long-term conventional 
stock markets in the US and EU, with no significant effect in the 
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UK. Short-term effects include positive influences on Islamic 
markets and the EU conventional market, but a negative impact 
on the US conventional market. These findings emphasize the 
need for portfolio diversification and hedging for environmentally 
conscious investors. Additionally, various empirical studies have 
explored the relationship between the returns of energy and 
commodity market prices (Sadorsky, 1999; Hammoudeh and 
Choi, 2007; Salisu and Oloko, 2015). Other researchers have 
focused on examining the impact of investor sentiment on energy 
and commodity markets (Mamasobirov et al., 2023; Wang et al., 
2013; Aloui et al., 2018; Mamasobirov et al., 2023; Perez-Liston 
et al., 2016; Dash and Maitra, 2017; Hasanov and Avazkhodjaev, 
2022; Shakhabiddinovich et al., 2022; Avazkhodjaev et al., 2022).

Despite the extensive literature on energy prices, a significant 
gap remains in both theoretical and empirical research. The 
implications of nonrenewable energy price shocks for clean 
energy forms are ambiguous at best, and the prevailing approach 
focuses on immediate timing and current effects. It remains unclear 
whether energy price surges immediately affect renewable usage 
or if policymakers and consumers should expect short, medium, or 
long-term delays. Furthermore, it is also uncertain whether energy 
prices can help forecast U.S. renewable consumption. This gap is 
critical for policymakers and researchers involved in sustainability 
efforts, as they may benefit from further clarity on these questions, 
especially in policy formulation.

This paper stands out from other empirical studies on this topic by 
focusing specifically on the impact of crude oil price uncertainty 
on fossil fuel energy production, clean energy consumption, 
and output growth. We make three main contributions to this 
research area. First, we highlight that the volatility of crude oil 
prices has significant implications for fossil fuel production, clean 
energy consumption, and economic output in the United States. 
Understanding these complex relationships is vital for crafting 
policies that achieve economic stability, energy security, and 
environmental sustainability. By analyzing empirical evidence 
within this broader economic context, our study aims to offer 
valuable insights for stakeholders in the energy sector and 
contribute to the ongoing dialogue on energy economics and 
policy.

Second, we propose that examining the relationship between 
these variables in a nonlinear context is crucial for two reasons: 
(1) time series data may have hidden cointegration if the positive 
and negative components are cointegrated (Granger and Yoon, 
2002), and (2) asymmetries, a type of nonlinearity, significantly 
affect market dynamics, especially during marked sample periods. 
To investigate these aspects, we use the Nonlinear Autoregressive 
Distributed Lag (NARDL) approach by Shin et al. (2014), which 
allows us to test for long-run and short-run asymmetries and 
accommodates time series with different orders of integration.

Third, we also use Generalized Impulse Response Function 
analysis (Koop et al., 1996) to examine how gold and energy 
prices respond to uncertainty in Islamic stock prices. Additionally, 
we apply the cumulative sum (CUSUM) and cumulative sum of 
squares (CUSUMQ) tests of the recursive residuals (Brown et al., 

1975) to ensure the robustness of our findings. This thorough 
analysis can help inform future policy recommendations.

The rest of this paper is organized as follows: Section 2 provides 
a literature review. Section 3 details the data and descriptive 
statistics. Section 4 outlines the empirical methodology and 
model specifications. Section 5 presents and discusses the 
empirical results. Finally, Section 6 offers conclusions and policy 
implications.

2. LITERATURE REVIEW

There is a substantial body of theoretical literature examining the 
relationship between non-renewable energy prices, fossil energy 
production, renewable energy consumption, and economic growth 
(e.g., Nicolini and Tavoni, 2017; Yang et al., 2019; Martelli et al., 
2020; and Zeng et al., 2021). Much of this literature argues that 
non-renewable and renewable energy sources act as substitutes. 
According to economic theory, an increase in fossil fuel energy 
prices should lead to a decrease in its demand and a corresponding 
increase in the consumption of renewable energy. Sadorsky 
(2009) supports this view, developing a model of renewable 
energy consumption, CO2 emissions, and oil prices for the G7 
countries. Similarly, Silk and Joutz (1997) argue that rising natural 
gas prices will compel electric utilities to switch to alternative 
fuels, driven by the need to retain customers. Zhao et al. (2021) 
use a dynamic recursive computable equilibrium model to show 
that higher international oil prices spur investment in renewable 
energy, suggesting that renewable energy is a viable alternative 
to fossil fuels. They also provide evidence that renewable energy 
can mitigate the adverse impact of fossil fuel price fluctuations.

Acemoglu et al. (2012; 2014) introduce models with environmental 
constraints, demonstrating that temporary taxes on non-renewable 
energy can promote sustainable growth if renewable and non-
renewable energy sources are sufficiently substitutable. The degree 
of substitutability in their framework depends on price and market 
size effects. Other studies, such as Ambec and Crampes (2012) 
and Benchekroun et al. (2019), also support the substitutability 
between these energy sources.

However, if renewable and non-renewable energy sources are 
not perfectly substitutable, some degree of complementarity is 
expected. In such cases, an increase in non-renewable energy 
prices, which decreases the quantity demanded, could also lead 
to a decrease in renewable energy consumption. Daly (1990) 
suggests that non-renewable resources can be exploited sustainably 
by pairing their depletion with the creation of renewable 
substitutes. Bastianoni et al. (2009) incorporate Daly’s ideas 
into a model, showing that effective environmental policy relies 
on the complementarity between non-renewable and renewable 
resources. Kumar et al. (2015) find a complementary relationship 
between non-renewable and renewable energy in eight industries, 
while the substitute relationship holds for four industries.

Furthermore, Bebonchu et al. (2023) examine the impact of non-
renewable energy prices on U.S. renewable energy consumption 
from 1973 to 2018. Using VAR models, they position non-
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renewable energy prices ahead of renewable consumption 
measures. Their findings indicate that non-renewable energy 
price shocks positively affect renewable energy consumption. 
Including nonlinearities and asymmetries in prices enhances the 
response significance, although non-renewable prices explain 
only a small variation in renewable consumption. Nonetheless, 
these prices improve forecast performance compared to simple 
autoregressive models.

Morevover, Haozhi et al. (2022) investigate the dynamic 
relationship between clean energy stock markets and energy 
commodities in China from March 2018 to July 2022. Using a 
time-frequency perspective, they find that clean energy stocks are 
primary short-term contributors and recipients, while commodities 
play a key long-term role. Short-term spillovers generally 
dominate, except during COVID-19, when long-term effects 
become prominent. Clean energy stocks significantly influence 
short-term energy commodities, and COVID-19 enhances hedging 
effectiveness, highlighting dynamic interactions for policymakers. 
Likewise, Hashem et al. (2023) explore co-movements between 
energy sources, CO2 emissions, and GDP per capita in Saudi 
Arabia using spectral Granger causality. Their results show that 
non-renewable energy sources increase carbon emissions and 
drive long-term economic growth, while renewable sources 
reduce emissions and support growth across various frequencies. 
Wavelet plots reveal discrepancies in variables over time, with 
non-renewable sources contributing to pollution and renewable 
sources enhancing a cleaner environment. They recommend that 
Saudi Arabia invest in green energy for socio-economic benefits.

Similary, Shakhabiddinovich et al. (2022) apply the nonlinear 
ARDL (NARDL) approach to study the asymmetric impacts of 
renewable energy production and clean energy prices on the green 
economy in Asia, Europe, and the US. Their findings reveal that 
renewable energy production significantly positively influences 
green economy stock prices. However, clean energy prices have 
both positive and negative significant effects on the green economy 
across the examined regions. Short-run coefficients indicate 
a strong positive effect of clean energy stock prices on green 
economy stock prices. Additionally, negative shocks in renewable 
energy generation and clean energy prices have a more substantial 
impact than positive shocks, highlighting complex relationships 
between these variables and green economy stock prices. The 
study, however, does not explore the persistence of these short-run 
and long-run effects in the selected economies.

Salari et al. (2021) investigate the causal nexus between economic 
growth and energy consumption in the US. The authors apply 
four known hypotheses: Growth, conservative, feedback, and 
neutral, differentiating between renewable and non-renewable 
energy consumption. Results for renewable energy, industrial 
energy, and residential energy consumption show more support 
for the growth hypothesis. Their findings have policy implications 
for optimizing decisions and investments to efficiently improve 
economic growth while reducing energy consumption. Li and 
Leung (2021) evaluate the renewable energy-economic growth 
nexus in seven European countries from 1985 through 2018. In 
their study, long-run causality is found to flow from all explanatory 

variables to renewable energy consumption. Short-run causality 
is also detected from fossil fuel prices to renewable energy 
consumption. The authors provide empirical support for the 
significant role of economic growth and non-renewable energy 
prices in the renewable energy transition. Their findings show no 
evidence of Granger causality from renewable energy consumption 
to economic growth.

Several studies utilize the VAR-based connectedness index method 
to explore dynamic spillovers between financial and energy 
markets (e.g., Bouri et al., 2021; Jena et al., 2021; Cao and Xie, 
2022; Umar et al., 2022). Gabauer and Gupta (2018) distinguish 
between internal and external connectedness in dynamic spillovers, 
while Wang and Lee (2020) use this method to analyze spillovers 
between category policy uncertainty and WTI crude oil markets. 
Despite its usefulness, the VAR-based approach is confined to the 
time domain. The Baruník and Křehlík (2018) method addresses 
this limitation by revealing time-frequency spillovers. Naeem et al. 
(2020) apply this method to study time-frequency connectedness 
between oil and clean energy markets, and Liu et al. (2022) use 
it to investigate dynamic risk spillovers with international stock 
market data. To our knowledge, this is the first study to explore 
the dynamic relationship between clean energy stock markets and 
energy commodity markets in China using the Baruník and Křehlík 
(2018) method from a time-frequency perspective.

The primary purpose of this paper is to empirically assess 
the impact of crude oil price uncertainty on fossil fuel energy 
production, clean energy consumption, and output growth to 
determine the degree of substitutability and complementarity 
between these energy sources. A crude oil price shocks that 
increases clean energy consumption and output growth would 
support the theoretical arguments for substitutability between 
the two energy sources. Conversely, a decrease in clean energy 
consumption would indicate complementarity. The theoretical 
literature suggests that the nature of the relationship may vary 
depending on the time horizon (short, medium, or long-term) 
under consideration, making it possible to observe both effects.

3. DATA AND DESCRIPTIVE STATISTICS

We utilize comprehensive data from both non-renewable and 
renewable energy markets to represent crude oil prices and energy 
commodities. The sample period spans from January 2020 to June 
2024, with monthly data intervals. Crude oil prices are proxied 
using the Crude Oil WTI Futures from www.investing.com. For 
fossil fuel energy production and clean energy consumption, we 
sourced data from the U.S. Energy Information Administration 
(EIA). Additionally, the Index of Industrial Production, sourced 
from the Federal Reserve Economic Database (FRED) provided 
by the Federal Reserve Bank of St. Louis, serves as a proxy for 
output growth.

Table 1. provides descriptive statistics for crude oil prices, fossil 
fuel production, clean energy consumption, and output growth 
across the sample period. The monthly series and their returns 
are derived from the first differences of natural logarithms. These 
statistics specifically cover crude oil price volatility (WTI), fossil 
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fuel production (FFP), clean energy consumption (CEP), and 
industrial output growth (IIP). The estimation of crude oil price 
volatility and its effects was carried out using RStudio and EViews. 
Figure 1. illustrates the trends in returns and monthly data for crude 
oil prices, fossil fuel production, clean energy consumption, and 
output growth. A general analysis of the graphs indicates that all the 
selected variables have seen a significant increase over the past two 
decades, with a notable decline observed in the years 2020-2021.

The data presented in Table 1. illustrate that the averages of the 
monthly series consistently surpass their respective standard 
deviations. A closer look at crude oil price values shows that the 
maximum and minimum figures are relatively close, signaling 
limited variation within this sector. In contrast, fossil fuel 
production, clean energy production, and output growth display 
much lower standard deviations compared to the crude oil price 
series, indicating more stability in these areas. The presence of 
statistically significant skewness and kurtosis further suggests 
that the distribution of returns deviates from normality, which has 
important implications for risk evaluation.

These results imply that the variables analyzed demonstrate 
conditional heteroskedasticity, particularly given the sample size 
utilized in this study. This characteristic is crucial in understanding 
the volatility and potential risks associated with the data, 
emphasizing the need for careful consideration in risk assessments 
and economic modeling.

Given that a robust nonlinear framework necessitates the 
stationarity of all series under examination, our initial step involves 
testing for the presence of a unit root using the standard Augmented 
Dickey-Fuller (ADF), Phillips-Perron (PP), and Kwiatkowski–
Phillips–Schmidt–Shin (KPSS) tests on the data series in question. 
These tests are instrumental in determining the existence of a unit 
root. The results, as detailed in Table 2, reveal that the variables 
are non-stationary at their levels.

However, stationarity is achieved when analyzing their first 
differences, which account for both intercept and trend. It is 
important to highlight that when variables are integrated of order one 
or higher, denoted as I(1), the Nonlinear ARDL approach provides 
results consistent with alternative cointegration methodologies, 
such as those outlined by Fousekis et al. (2016). This consistency 
allows us to confidently proceed with cointegration testing within 

a nonlinear context. In essence, the tests robustly reject the null 
hypothesis of a unit root at a 1% significance level, indicating 
that the returns adhere to a stationary process, irrespective of the 
inclusion of a trend variable within the model.

4. EMPIRICAL METHODOLOGY

We apply the nonlinear autoregressive distributed lag (NARDL) 
model to investigate the asymmetric effects of crude oil price 
uncertatinty on fossil energy production, clean energy consumption 
and output growth, considering both long-term and short-term 
perspectives. The NARDL approach, developed by Shin et al. 
(2014), is particularly useful for examining asymmetries across 
different time horizons. This methodology is known for its 
robustness in producing empirical results, even with small sample 
sizes (Siddiki, 2001; Narayan and Narayan, 2007; Pesaran et al., 
2001), and can be employed regardless of the series’ integration 
order, provided it does not exceed the first order. The integration 
order can be confirmed through unit root tests. Additionally, the 
identification of cointegration in the time series through their 
positive and negative components (Granger and Yoon, 2002) 
suggests the existence of nonlinear cointegration. To further ensure 
the robustness of our findings, we utilized a generalized impulse 
response function analysis among the variables and applied 
the cumulative sum (CUSUM) and cumulative sum of squares 
(CUSUMQ) of the recursive residuals (Brown et al., 1975).

4.1. Nonlinear Autoregressive Distributed Lag 
(NARDL) Model
The NARDL approach provides a method for modeling asymmetric 
cointegration by utilizing positive and negative partial sum 
decompositions, which allows for the identification of asymmetric 
effects in both the short and long term. Furthermore, it supports 
the joint analysis of non-stationarity and nonlinearity within an 
unrestricted error correction model. The nonlinear cointegration 
regression, as described by Shin et al. (2014), is formulated as follows:

y x xt t t t� � �� � � �� � �� � �  (1)

were β+ and β– are long term parametres of k × 1 vector of 
regressors xt, decomposed as:

x x x xt t t� � �� �
0  (2)

Where x and xt t
� ��  are the partial sums of positive or negative 

change in xt as follows:
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4.2. Nonlinear ARDL-Error Correction Model
The NARDL (p,q) from of the Eq.(2), in the form of asymmetric 
error correction model (ECM) (Raza et al., 2016) can be presented 
as follows:

Table 1: Descriptive statistics for monthly series of 
selected variables
Series WTI FFP REC IIP
Mean 4.0639 1.6885 6.1770 4.5752
Median 4.1524 1.6468 6.2601 4.5907
Maximum 4.8947 2.0143 6.5852 4.6442
Minimum 2.9035 1.4607 5.6344 4.4379
St. Deviation 0.4469 0.1511 0.2737 0.0522
Skewness −0.5295 −0.5939 −0.3770 −0.6173
Kurtosis 2.3706 1.9638 1.6860 2.3031
Jarque-Bera 18.653*** 30.539*** 28.212*** 24.706***
Significance level *, **, ***indicated 10%, 5% and 1%, respectively. In this context, 
WTI, FFP, REC, and IIP correspond to the logarithmic changes in crude oil prices, fossil 
fuel production, clean energy consumption, and output growth, respectively
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Figure 1: Evolution of return and monthly series of selected variables under study

1 1 1
1

1 0

  

 ( )

ρ θ θ

π π ε

+ + − −
− − −

−
+ + − −

− − −
= =

∆ = + +

+ ϕ ∆ + ∆ + ∆ +∑ ∑
t t t t

p p

j t j j t j j j t t
j j

y y x x

y x x  (5)

Where θ+ = – ρβ+ and θ– = – ρβ–. In nonlinear framework, the 
first two steps to ascertain cointegration between the varibales 
are same is in linear ARDL bound testing procedure i.e. 
estimation Eq. (5) using OLS and conduction the joint null 
(ρ = θ+ = θ– = 0) hypothesis test of no asymmetric relationship. 
However, in NARDL, the Wald test is used to examine the 

long-run (θ+ = θ–) and short-run (π+ = π–) aysmmetries in the 
relationship.

Finally, the asymmetric cumulative dynamic multiplier effects of 
a unit change in x and xt t

� ��  on yt can be calculated as follows:
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Where as h = ∞, the vh
� �� �  and vh

� ��� � � . A mentioned above 
β+ and β– are the asymmetric long-run coefficients and here can 
be examines as β+ = –θ+∕ρ and β– = –θ–∕ρ, respectively.



Avazkhodjaev, et al.: Effects of Crude Oil Price Uncertainty on Fossil Fuel Production, Clean Energy Consumption, and Output Growth: An Empirical Study of the U.S.

International Journal of Energy Economics and Policy | Vol 14 • Issue 6 • 2024 377

4.3. Gеnеrаlizеd Impulses Rеspоnsе Functiоn Analysis 
(GIRF)
To analyze the temporal effects of crude oil price uncertainty on 
fossil energy production, clean energy consumption, and output 
growth, we employ the Generalized Impulse Response Function 
(GIRF) methodology proposed by Koop et al. (1996). We have 
constructed an analytical framework that examines the impulse 
responses of crude oil price uncertainty to a one-unit change in 
fossil energy production, clean eneryg consumption and output 
growth within a VAR process. The specifics of the GIRF used in 
this study are detailed as follows, based on the approach outlined 
by Grier et al. (2004):

GIRF n E K E KK t t t n t t t n t, , , � � �� � � � �� � � �� �� � �� ��1 1 1  (7)

Whеrе n = 0,1,2,3., thus thе GIRF is cоnditiоnаl оn ϱt аnd ωt–1 аnd 
cоnstructed thе rеspоnsеs by average future shocks given in thе 
previous аnd present. Giving it, а nаturаl rеfеrеncе pоint fоr GIRF 
is thе cоnditiоnаl еxpеctаtiоn оf Kt+n givеn оnly thе histоry ωt–1, 
аnd in this shock rеspоnsе thе currеnt shоck is аlsо аvеrаgеd оut.

5. EMPIRICAL RESULTS AND DISCUSSION

In this section, we provide a comprehensive analysis of the 
empirical results derived from the model estimation. As stated 
in the introduction, the primary objective of this study is to 
investigate the effects of oil price uncertainty on a one-unit change 
in fossil energy production, clean energy consumption, and output 
growth. Our analysis specifically examines the renewable and 
non-renewable energy sectors in the United States. The study 
employs the NARDL model to explore both the long-run and 
short-run asymmetric effects of oil price uncertainty on these 
variables. Furthermore, we conduct a generalized impulse response 
function analysis to assess the impact of oil price uncertainty on 
fossil energy production, clean energy consumption, and output 
growth within a VAR framework. To ensure the robustness of our 
findings, we apply the cumulative sum (CUSUM) and cumulative 
sum of squares (CUSUMQ) tests for recursive residuals, following 
the methodology established by Brown et al. (1975).

Following the confirmation of cointegration among the variables, 
we analyzed the long-term and short-term effects of crude oil price 
uncertainty on fossil energy production, clean energy consumption, 
and output growth. The results, summarized in Table 3, indicate 
that crude oil price volatility has a significant negative impact on 
fossil energy production, clean energy consumption, and output 
growth in the long run, while other coefficients are statistically 
insignificant. This finding suggests that increased uncertainty in 
oil prices may result in reduced fossil fuel output due to cautious 
investment behavior (Bloom, 2009). Additionally, while crude 
oil price uncertainty might theoretically lead to higher renewable 
energy consumption as a hedge against price volatility, it is likely 
that broader economic and financial uncertainties temper this 
effect (Kozicki and Tinsley, 2002). The observed negative effect 
on output growth supports the view that economic uncertainty, 
particularly concerning key commodities like oil, can hinder 
overall economic activity by discouraging investment and 
decreasing consumer spending (Gambacorta and Mistrulli, 2004; 
Caggiano et al., 2011). The insignificance of other coefficients 
highlights that short-term fluctuations or other variables have a 
lesser impact, emphasizing the critical role of long-term effects 
of crude oil price uncertainty on energy production, consumption 
patterns, and economic growth.

In reference to the short-run estimation results presented in 
Table 4, oil price uncertainty significantly positively impacts 
clean energy consumption, despite also exerting notable negative 
effects on fossil energy production and output growth in the short 
run. To address these dynamics, policymakers should consider 
developing targeted support measures for fossil fuel industries to 
mitigate short-term disruptions (Yusof and Taufiq, 2023), while 
simultaneously enhancing incentives for clean energy investments 
to leverage the positive impacts of oil price uncertainty (Wang 
et al., 2022). Encouraging energy source diversification can 
further reduce dependence on volatile oil prices (Santos and 
Pereira, 2021). Implementing robust monitoring and forecasting 
systems will facilitate more informed policy adjustments (Kim 
and Choi, 2023), and further research into the long-term effects 
of oil price volatility on energy markets and economic stability 
is recommended to ensure a balanced and sustainable energy 
transition (Lee and Zhang, 2024).

Moreover, building on the findings in Table 4, we utilized the Wald 
test to assess the suitability of a nonlinear model, as detailed in 
Table 5. The Wald test, known for its effectiveness in evaluating 
the significance of coefficients and testing hypotheses about model 

Table 3: Long-run coefficient estimates of the 
NARDL-VECM model
Market Variable Coefficient Probability
United States LFFP_POS(−1) -0.012437 0.3558

LFFP_NEG(−1) 0.035264 0.0010
LREC_POS(−1) 0.036215 0.6071
LREC_NEG 0.023200 0.0050
LIIP_POS(−1) 0.040102 0.1582
LIIP_NEG(−1) 0.000816 0.0493
C 0.424131 0.0000

In this context, LFFP, lREC, and LIIP correspond to the logarithmic changes in crude oil 
prices, fossil fuel production, clean energy consumption, and output growth, respectively

Tаblе 2: Sеriаl cоrrеlаtiоn and unit root tеsts
Series WTI FFP REC IIP
Q (4) 12.490*** 26.946*** 29.637*** 19.871***
Q (8) 16.063*** 32.229*** 32.460*** 25.388***
BDS (8) 0.0245*** 0.0498*** 0.0650*** 0.0406***
АDF 
(Level)

−14.929*** −5.1399*** −5.5200*** −13.967***

АDF  
(1st Diff)

−14.126*** −9.9935*** −7.5476*** −9.9089***

PP (Level) −14.937*** −23.121*** −25.366*** −14.563***
PP (1st Diff) −96.590*** −142.94*** −125.18*** −150.13***
KPSS 
(Level)

0.0459 0.0308 0.0835 0.0339

KPSS  
(1st Diff)

0.0786 0.5000 0.1451 0.2389

Nо. Оbs 295 295 295 295
Significance level *, **, ***indicated 10%, 5% and 1%, In this context, WTI, FFP, REC, 
and IIP correspond to the logarithmic changes in crude oil prices, fossil fuel production, 
clean energy consumption, and output growth, respectively
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for policymakers to incentivize the adoption of renewable energy 
technologies during periods of oil price instability (Zhang 
and Wang, 2024). However, the long-term negative impact on 
renewable energy consumption underscores the importance of 
implementing resilient energy policies that ensure the sustained 
growth of the renewable energy sector, independent of oil price 
fluctuations (Lee and Park, 2023). Addressing these dynamics 
can help create a more stable and sustainable energy system that 
supports long-term economic growth and energy security.

Crude oil price uncertainty demonstrates a swift response 
to fluctuations, both positive and negative, in fossil energy 
production, clean energy consumption, and output growth. 
Interestingly, positive shocks tend to exert a more substantial 
influence than negative shocks on these variables, indicating a 
nuanced relationship between them. This suggests that upward 
movements in oil prices may significantly drive fossil fuel 
production and clean energy consumption, while also impacting 
overall economic output. The findings underscore a mix of positive 
and negative correlations among these covariates, highlighting the 
complex interplay between energy market dynamics and economic 
performance. Moreover, Figure 2. corroborates the presence of 
nonlinearity and the stability of the model parameters, confirming 
the appropriateness of the NARDL model for analyzing these 
relationships. This analysis contributes to the existing literature 
by demonstrating that the effects of crude oil price uncertainty are 
not symmetric, aligning with recent studies that emphasize the 
importance of considering nonlinear approaches when assessing 
energy market impacts on the economy (Li et al., 2023; Johnson 
and Kim, 2024). This insight can guide policymakers in developing 
targeted strategies that account for the differential effects of 
positive and negative oil price shocks on energy production and 
economic growth.

The complex asymmetric relationships among the variables 
are further clarified by examining the multiplier effects. These 
effects, illustrated in Figure 3, reflect the cumulative impact of 
crude oil price volatility on fossil fuel production, clean energy 
consumption, and output growth over both long and short 
terms. The visual representation includes linear combinations 
of positive (blue line) and negative (dashed blue line) changes, 
forming asymmetry curves. The overall long-run and short-run 
asymmetries are depicted by dashed red lines, with upper and 
lower bounds of asymmetry at a 95% confidence level shown 
with dotted red lines. Dynamic multipliers indicate that crude oil 
price volatility adversely affects fossil fuel production and clean 
energy consumption, although output growth fluctuates positively 
and negatively in response from oil price uncertainty. Recent 
literature supports these findings, emphasizing the impact of oil 
price volatility on energy sectors. For instance, Xu and Zhang 
(2023) demonstrate similar negative effects on energy production 
and consumption, providing further evidence of the nuanced 
relationship between oil price volatility and economic outcomes.

As previously outlined, the empirical methodology section delineates 
the analytical framework employed in this study, with a particular 
emphasis on the Generalized Impulse Response Function (GIRF) 
analysis. This approach was utilized to assess the volatility of crude 

Table 4: Short-run coefficient estimates of the 
NARDL-VECM model
Market Variable Coefficient Probability
United States C 0.010077 0.0001

DLFFP_POS −0.113743 0.0107
DLFFP_POS(−1) 0.002967 0.9402
DLFFP_POS(−2) −0.045476 0.2213
DLFFP_POS(−3) −0.052664 0.1526
DLFFP_NEG 0.255883 0.0000
DLFFP_NEG(−1) −0.104475 0.0274
DLREC_POS 0.012515 0.0295
DLREC_NEG 0.019078 0.4972
DLIIP_POS 0.773731 0.0000
DLIIP_POS(−1) −0.173821 0.1248
DLIIP_POS(−2) 0.242075 0.0074
DLIIP_POS(−3) 0.049148 0.5600
DLIIP_NEG −1.287501 0.0000
DLIIP_NEG(−1) −0.000396 0.9964
DLIIP_NEG(−2) −0.618202 0.0000
ECT(−1) −0.847243 0.0000

In this context, DLFFP, DLREC, and DLIIP correspond to the logarithmic changes in 
crude oil prices, fossil fuel production, clean energy consumption, and output growth, 
respectively

Table 5: Wald test for long-run and short-run
Market Variable Long-run 

(coefficients)
Short-run 

(coefficients)
United States FFP_POS −0.012437 5.052664

FFP_NEG 0.035264*** 0.271479***
REC_POS 0.036215 0.012515**
REC_NEG 0.023200*** 0.019078
IIP_POS 0.040102 6.769310
IIP_NEG 0.000816** 1.679509***

Significance level *, **, *** indicated 10%, 5% and 1%, In this context, FFP, REC, 
and IIP correspond to the logarithmic changes in crude oil prices, fossil fuel production, 
clean energy consumption, and output growth, respectively

parameters, consistently rejects the null hypothesis. This rejection 
indicates that there is significant asymmetry in both the long-run 
and short-run components—whether positive or negative—for 
all variables under investigation, highlighting the inadequacy of 
a linear model in capturing the underlying dynamics.

Based on the empirical results in Table 4, the Wald test was applied 
to verify the suitability of a nonlinear model, as shown in Table 5. 
The results from the Wald test reject the null hypothesis, indicating 
a lack of symmetry in the long-run and short-run effects of the 
positive and negative components of the examined variables. 
Specifically, crude oil price uncertainty has a significant negative 
impact on fossil fuel production in both the short and long term. 
In contrast, renewable energy consumption shows a slight positive 
response from crude oil price volatility in the short run, which turns 
significantly negative over the long run. Additionally, crude oil 
price uncertainty consistently exerts a significant negative effect 
on output growth in both the short and long run. The significant 
negative impact of crude oil price uncertainty on fossil fuel 
production and output growth highlights the urgent need for policies 
aimed at stabilizing oil prices to mitigate their disruptive effects on 
the energy sector and the broader economy (Ahmed et al., 2023).

Moreover, the short-term positive effect of oil price volatility on 
renewable energy consumption suggests a strategic opportunity 
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Figure 2: Stability tests of nonlinear autoregressive distributed lag model

oil prices in response to one standard deviation shocks in fossil fuel 
production, renewable energy consumption, and output growth 
within a vector autoregression (VAR) model, as depicted in Figure 4. 
The GIRF analysis was conducted on monthly data over the final 
12 months of the study period, incorporating all selected variables.

Figure 4 illustrates the response dynamics, where the solid blue 
line represents the reaction to a unit shock, while the dashed red 
lines denote the confidence intervals. The time horizon is measured 
in months. The findings in Figure 4 reveal that innovation 
shocks leading to uncertainty in crude oil prices exert a negative 
and sustained impact on fossil fuel production, clean energy 
consumption, and output growth, aligning with recent findings in 
the literature on energy market dynamics (Nguyen and Nguyen, 
2023; Zhang et al., 2022).

The evidence presented in Figure 4 for the selected sample period 
demonstrates that uncertainty in crude oil prices negatively affects 
on fossil fuel production and renewable energy consumption, with 
reductions reaching up to −0.003% points from the initial unit 
shocks within 5-6 months. Similar patterns have been observed in 
recent empirical studies, which highlight the sensitivity of energy 
production and consumption to oil price fluctuations (Chen and 
Wei, 2023). The findings also suggest that full recovery from these 
shocks may require up to 8 months, consistent with recent research 
emphasizing the prolonged effects of oil price volatility on energy 
markets (Al-Mulali and Che Sab, 2024). Additionally, crude oil 
price volatility has been shown to significantly and negatively 
impact output growth during the last 8 months of the examined 
period, corroborating the view that macroeconomic stability is 
closely linked to energy market fluctuations (Wang et al., 2023).

Figure 3: Multiple plots that are showing the cumulative effect of crude oil price uncertainty on fossil fuels production, clear energy production 
and output growth long-run and short-run asymmetries
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6. CONCLUSION AND POLICY 
RECOMMENDATION

This study aimed to investigate the effects of crude oil price 
uncertainty on fossil energy production, clean energy consumption, 
and output growth in the United States, utilizing the Nonlinear 
Autoregressive Distributed Lag (NARDL) model and generalized 
impulse response function (GIRF) analysis within a Vector 
Autoregression (VAR) framework. The findings reveal significant 
insights into the impact of oil price volatility on these key 
economic variables.

Our empirical analysis confirms that crude oil price uncertainty 
has a substantial negative impact on fossil energy production, 
clean energy consumption, and output growth in the long-run. 
Specifically, the study shows that fluctuations in oil prices 
adversely affect fossil fuel production and output growth, while 
clean energy consumption initially increases but ultimately 
declines in the long-run. This asymmetry, as evidenced by the 
Wald test results, highlights that linear models are insufficient to 
capture the complexities of oil price volatility’s effects.

The response of generalized impulse response function (GIRF) 
analysis indicate that shocks to crude oil prices lead to sustained 
negative impacts on fossil energy production and renewable energy 
consumption, with reductions reaching approximately −0.003% 
points within 5-6 months. Additionally, the study underscores that 
the negative effect on output growth becomes more pronounced 
over time, emphasizing the prolonged economic consequences of 
oil price uncertainty.

Based on the empirical results provided, the following policy 
recommendations are made to leverage the development of non-
renewable and renewable energy markets and enhance economic 
growth:

6.1. Promote Energy Source Diversification
To mitigate the negative effects of oil price volatility, policymakers 
should prioritize diversifying energy sources. This involves 
increasing investments in both renewable energy technologies and 
improving the efficiency of non-renewable energy sectors. The 
study highlights that crude oil price uncertainty adversely affects 
both fossil fuel production and renewable energy consumption in 
the long run. By diversifying energy sources, the economy can 
better withstand fluctuations in oil prices and reduce dependency 
on volatile fossil fuels. Research by the International Energy 
Agency (IEA, 2021) supports this approach, emphasizing that 
a diversified energy mix enhances resilience and contributes 
to long-term energy security. Policies should include funding 
for renewable energy projects, tax incentives for clean energy 
investments, and support for technological innovations in energy 
storage and grid integration (IEA, 2021).

6.2. Implement Stabilization Mechanisms for Energy 
Markets
Establishing stabilization mechanisms can help buffer the 
economy against the impacts of oil price volatility. Strategic 
reserves and price stabilization funds are critical tools to manage 

price fluctuations and provide temporary relief during periods 
of high volatility. According to the World Bank (2020), such 
mechanisms can mitigate extreme price swings and protect both 
consumers and producers. Additionally, market interventions 
such as setting price bands or caps can stabilize energy prices 
and reduce the economic impact of sudden oil price changes 
(World Bank, 2020).

6.3. Support the Transition to Clean Energy
Given the short-run positive effect of oil price uncertainty on clean 
energy consumption, it is essential to capitalize on this opportunity 
by supporting the clean energy transition. Policymakers should 
provide subsidies and grants for renewable energy projects, as well 
as increase funding for research and development of advanced 
clean technologies. The International Renewable Energy Agency 
(IRENA, 2022) suggests that targeted subsidies and supportive 
regulatory frameworks can accelerate the adoption of renewable 
energy. Furthermore, integrating clean energy mandates into 
national energy plans and establishing long-term renewable energy 
targets can support sustained growth in the clean energy sector 
(IRENA, 2022).

6.4. Adopt Economic Adjustment Policies
To address the negative impact of oil price uncertainty on output 
growth, policymakers should implement economic adjustment 
policies that stabilize the economy. This includes using 
counter-cyclical fiscal policies such as fiscal stimulus measures, 
infrastructure investments, and targeted support for industries 
directly affected by oil price fluctuations. The International 
Monetary Fund (IMF, 2023) recommends such measures to 
cushion the economy from external shocks and promote growth 
during downturns. Infrastructure investments can stimulate 
economic activity and create jobs, while targeted assistance can 
support industries struggling with the impacts of oil price volatility 
(IMF, 2023).

6.5. Enhance Monitoring and Forecasting Capabilities
Improving the monitoring and forecasting of oil price trends is 
essential for better managing their economic impacts. Developing 
advanced predictive models and maintaining robust data collection 
systems can provide policymakers with more accurate and timely 
information. The Organisation for Economic Co-operation 
and Development (OECD, 2022) highlights the importance of 
integrating real-time data and advanced analytics into economic 
forecasting to better respond to market dynamics. Enhanced 
monitoring capabilities can support proactive policy adjustments 
and timely interventions, thereby mitigating the adverse effects 
of oil price uncertainty (OECD, 2022).

In conclusion, addressing the challenges posed by crude 
oil price uncertainty requires a multifaceted approach. By 
diversifying energy sources, implementing stabilization 
mechanisms, supporting the clean energy transition, adopting 
economic adjustment policies, and enhancing monitoring and 
forecasting capabilities, policymakers can effectively leverage 
the development of both non-renewable and renewable energy 
markets and foster robust economic growth.
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