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Abstract
The environmental consequences of economic policy uncertainty (EPU) and oil price changes have attracted much atten-
tion in recent years, but few studies have estimated the asymmetric impact. This research investigates the symmetric and 
asymmetric effects of EPU and oil prices on carbon emissions in the USA and China. Based on monthly data from 1995:1 
to 2019:12, we address this issue by applying the ARDL and non-linear ARDL cointegration methodology. The symmetric 
results show that the change in EPU has no evident impact on carbon emissions in the short and long run for the USA and 
China, and oil prices have a lag effect in this regard. The non-linear ARDL estimation documents significant asymmetric 
effects of EPU and oil prices. Specifically, the negative change in EPU facilitates emissions in the USA in the long and short 
run, and a unit increase in EPU increases emissions by 2.24% and 4.95%, respectively, whereas its positive change does not 
produce any significant effect. Carbon emissions in China are significantly and positively affected by the positive change in 
EPU only over the long run, and an increase in EPU increases emissions by 0.04%. Furthermore, the positive shock of oil 
prices significantly and positively influences emissions in the long run, and a unit increase in this factor increases emissions 
by 15.73% and 0.44% in the USA and China, respectively. Moreover, the short-term effect of the negative shock of oil prices 
exhibits a lag effect. The empirical results provide a practical reference for the USA and China to craft robust policies on 
emission cutting.
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Introduction

Excessive carbon emissions and global warming caused by 
human activities have become a serious challenge facing 
human society and have aroused worldwide concern (Lin 
and Jia 2019). To slow climate change, substantially reduc-
ing carbon emissions is not an alternative to ensure sustain-
able development (Lee and Chong 2016). As the world’s 

two largest greenhouse gas emitters, the USA and China 
are expected to become global leaders in tackling climate 
change and assisting in carbon emission mitigation (Anasis 
et al. 2019). In 2019, the energy-related carbon emissions of 
the USA and China reached approximately 47.66 billion tons 
and 98.09 billion tons, respectively (IEA 2020). To prevent 
climate change from getting out of control, the USA has 
proposed reducing its carbon emissions by approximately 
26–28% by 2025 compared with 2005 (Anasis et al. 2019). 
As one of the pioneers in signing the Paris Agreement, the 
past few years have witnessed China’s extraordinary efforts 
to control carbon emissions. For example, China has set a 
goal of responding to a changing climate: to reach the peak 
of carbon emissions by 2030 and achieve carbon neutrality 
by 2060 (Chen et al. 2021). However, the road to achieving 
this carbon peak and carbon neutrality in China is expected 
to face a greater challenge due to its large population, low 
energy consumption efficiency, and high energy consump-
tion base (Wang et al. 2014). Since the USA and China play 
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a prominent role in coping with global climate change and 
cutting emissions, a critical question subsequently emerged: 
what are the driving factors behind the surge in carbon emis-
sions to meet their respective emissions pledges?

For the past several decades, EPU has fluctuated con-
tinuously around the world, which has generated much 
interest (Zhang et al. 2019; Bakas and Triantafyllou 2020). 
Al-Thaqeb and Algharabali (2019) argued that policy uncer-
tainty associated with economic decision-making is of great 
importance in a more liberalized world economy. Indeed, 
the International Monetary Fund (IMF) reported that EPU 
is one of the fundamental causes for the lackluster growth 
of the economy. Numerous investigations have demonstrated 
that EPU is closely related to different economic indica-
tors (Hailemariam et al. 2019; Abid 2020). It is notewor-
thy that in addition to the economic effect, EPU also has 
an environmental effect that is equally important (Ulucak 
and Khan, 2020). In theory, in times of EPU rise, the deter-
ring impact of EPU over the adoption of green technologies 
results in producers adopting traditional and environmen-
tally unfriendly production methods, which will lead to a 
sharp rise in energy consumption and carbon emissions 
accordingly (Romano and Fumagalli 2018). Meanwhile, it 
is difficult for enterprises to form reasonable expectations 
for the future. Enterprises or other economic entities tend 
to make prudent decisions to delay or change investment, 
consumption, or savings (Gulen and Ion, 2016). This view 
is in line with the real options theory. Since the carbon emis-
sions behavior of economic entities is tightly bound to their 
production decisions, it can be predicted that the upward 
trend of EPU will inevitably impact pollutant emissions 
(Jiang et al. 2019). Additionally, the relatively high EPU 
will weaken the government’s determination of environmen-
tal governance and thus affect the effectiveness of environ-
mental policy implementation (Jiang et al. 2019). In low-
EPU periods, however, enterprises can afford cleaner fuels 
than traditional fossil fuels, and the government is more 
concerned with environmental sustainability (Ahmed et al. 
2021). Hence, the reduction in EPU can make way for the 
mitigation of emissions. In this case, presumably, the upward 
and downward trends of EPU may affect carbon emissions in 
an asymmetric fashion. According to Rehman et al. (2020), 
macroeconomic variables can be asymmetrically affected 
by factors such as the business cycle and international trade. 
Earlier studies on the environmental effects of EPU changes 
were based on the assumption that EPU emissions have a lin-
ear pattern (e.g., Ulucak and Khan 2020; Anser et al. 2021), 
and the potential asymmetric response of carbon emissions 
to changes in EPU is less of a focus.

Crude oil, the most basic energy and chemical raw mate-
rial, occupies a vital position in modern economic develop-
ment (Behmiri and Manso 2013; Mo et al. 2019). In seminal 
research by Hamilton (1983), rising oil prices were shown 

to be the chief culprit in the US economic recession. The 
function of crude oil in the national economy has prompted 
scholars to further inquire into its environmental impact. 
Researchers have stated that energy prices are an efficient 
instrument for determining resource allocation, achieving 
energy savings, and controlling greenhouse gas emissions 
(Yuan et al. 2010; Dong et al. 2017). Generally, the impact 
mechanism of oil prices on carbon emissions can be sum-
marized into two channels. On the one hand, when oil prices 
rise sharply, high energy prices reflect the scarcity of energy, 
which will encourage consumers to shift their interest to 
other alternative energy sources. In addition, the increase in 
investment and oil consumption costs induced by the rise of 
oil prices also promotes investment orientation transforma-
tion and lifestyle changes, further facilitating the develop-
ment and use of new energy (Liu et al. 2017). As proposed 
by Oberndorfer (2009), the rise in oil prices is one of the 
ideal opportunities that stimulate the investment and devel-
opment of new energy. Accordingly, rising oil prices can 
be one of the decisive factors to mitigate carbon emissions. 
On the other hand, in the case of low or falling oil prices, 
the crude oil demand increases, and industrial enterprises 
would rather consume more energy than pursue technologi-
cal innovations. Economic growth will maintain a relatively 
extensive development model, further driving up energy 
consumption and inducing pollutant emissions. For this 
reason, the influence of rising and falling oil prices may be 
asymmetric. In other words, if an oil price plunge induces an 
increase in emissions, the rise in oil prices may be assumed 
to have the opposite effect. Since the impact mechanism of 
the upward and downward trends in oil prices on carbon 
emissions may be inconsistent, the role of oil prices in envi-
ronmental degradation deserves to be reconsidered.

In summary, previous research relies heavily on symmet-
ric methods to evaluate the symmetry (linear) effects of EPU 
and oil prices on carbon emissions, and the asymmetries 
in the influences of EPU and oil prices have not received 
much attention (Ahmed et  al. 2021; Mujtaba and Jena 
2021). The results obtained have limited our understand-
ing of the true influence of positive and negative changes 
in EPU and oil prices on emissions, and further research is 
needed to quantify their potential asymmetry in environ-
mental effects. From a policy perspective, distinguishing the 
effects of the rise and fall of EPU and oil prices on carbon 
emissions will be beneficial in formulating differentiated 
mitigation policies. In this context, the research presented 
here empirically investigates the impacts that the shocks of 
EPU and oil prices have on carbon emissions, and further 
exploration has been conducted to determine whether there 
are short-run or long-run asymmetric (non-linear) correla-
tions between them. Specifically, the ARDL approach was 
therefore adopted for examining the symmetric relationships, 
and a non-linear ARDL approach was also used to determine 
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the potential asymmetric relationships. The application of 
the non-linear ARDL technique allows quantification of the 
short- and long-term nonlinearities simultaneously through 
positive and negative partial sum decompositions of EPU 
and oil prices. Meanwhile, the short- and long-term effects 
of changes in EPU and oil prices on carbon emissions can 
also be captured from asymmetric dynamic multipliers.

This paper adds to the existing literature from the fol-
lowing three aspects. First, we perform a time series analy-
sis of the association between carbon emissions, EPU, and 
oil prices. To our knowledge, although some scholars have 
assessed the environmental effect of EPU and oil prices 
respectively (Adedoyin and Zakari 2020; Mujtaba and Jena 
2021; Adedoyin et al. 2021c), there are little to no studies 
that address the effects of EPU and oil prices on carbon 
emissions in the context of the determinants of emissions 
and apply them to the USA and China. Hence, the current 
study is warranted to clarify the previous findings. Second, 
in this study, the effects of EPU and oil prices on carbon 
emissions are explored from an asymmetric perspective 
rather than focusing merely on causal links or correlations, 
which represents a significant divergence from previous 
research. Many previous related studies assumed asymmet-
ric impacts of EPU and oil prices on carbon emissions, with-
out much consideration of the hidden asymmetrical impact 
(Pirgaip and Dinçergök 2020). Third, this paper mainly 
focuses on the world’s two largest carbon emitters, namely 
the USA and China. These two countries are more repre-
sentative than others, and lessons from this work can also 
offer new insights for other high-carbon emitters. Simultane-
ously, from the method adopted, we present evidence of the 
non-linear properties of the effects of EPU and oil prices on 
carbon emissions rather than linear properties. This finding 
advances understanding of the existing work, and several 
targeted implications based on the results are therefore pro-
vided for the USA and China to formulate scientific emission 
abatement policies.

This article is divided into five sections. In addition to the 
first section, the second section presents a literature review 
concerning the connections between EPU and carbon emis-
sions, energy prices, and carbon emissions. The third section 
introduces the empirical methodology and our data, followed 
by the main findings and detailed discussion presented in 
section four. The fifth section provides conclusions and cor-
responding policy recommendations.

Literature review

EPU and carbon emissions

As one of the critical issues of global concern, the constraint 
effect of EPU on economic development has been widely 

reported. Recently, some papers began to explore the envi-
ronmental consequences of EPU shocks, and the conclusions 
were contradictory. Several scholars have proposed that a 
high level of EPU may cause severe environmental degrada-
tion. Jiang et al. (2019), for example, conducted a Granger 
causality test in quantiles analysis to demonstrate that there 
is unidirectional causality from EPU to the extreme level of 
carbon emissions in the US sector. Pirgaip and Dinçergök 
(2020) employed 1998–2018 datasets for G7 countries 
and introduced the bootstrap panel Granger causality test 
to detect the causal link between EPU, energy consump-
tion, and carbon emissions. Their results show that EPU 
has a unidirectional effect on carbon emissions in three G7 
countries, namely the USA, Germany, and Canada. Adams 
et al. (2020) utilized a PMG-ARDL model to detect the 
correlations among EPU, energy consumption, and carbon 
emissions for several countries with high geopolitical risk 
from 1996 to 2017. The study reports that there is a sig-
nificant positive association between EPU and carbon emis-
sions. Another study by Atsu and Adams (2021) based on 
the cross-sectionally augmented ARDL (CS-ARDL) and 
FMOLS techniques for the period 1984–2017 specified that 
EPU generates a significant and positive effect on carbon 
emissions in BRICS countries. Similar evidence has been 
documented by Ulucak and Khan (2020) when evaluating 
the role of EPU in the energy-emissions nexus by using a 
time series method from 1985 to 2017. Their findings point 
to EPU adversely affecting carbon emissions in the USA. 
Targeting the top ten carbon emitter countries, Anser et al. 
(2021) assessed the role of the world uncertainty index 
(WUI) in carbon emissions from 1990 to 2015 by applying 
the PMG-ARDL method. They illustrated that a 1% rise in 
WUI escalates emissions by 1% and 0.12% in the short and 
long run, respectively. Taking the regional heterogeneity into 
account, a recent study by Yu et al. (2021) constructed a new 
provincial EPU to determine how EPU influences the carbon 
emissions intensity of Chinese manufacturing firms, using a 
two-way fixed-effect model. The empirical results revealed 
that EPU is a significant contributor to the increase in carbon 
intensity levels of manufacturing firms.

Although the studies mentioned above confirmed that 
rapidly increasing carbon emissions are significantly affected 
due to EPU shock, evidence to the contrary does exist. For 
instance, some researchers have suggested that the environ-
mental impact of EPU varies in the short and long run. In 
a recent work of Adedoyin and Zakari (2020), the ARDL 
bond test was used to identify how EPU impacts the energy-
emissions linkage. They report that in the short run, EPU 
changes exert a significant inhibitory effect on the increase 
of carbon emissions in the UK, while the effect becomes 
positive in the long run. Alternatively, Abbasi and Adedoyin 
(2021) do not detect a significant effect of EPU on pollutant 
emissions in China when using a dynamic ARDL simulation 
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model to assess the impact of EPU, energy use, and eco-
nomic development on carbon emissions covering the period 
1970–2018. The above research presents some gaps that 
necessitate a critical step forward for a more effective carbon 
abatement policy. On the one hand, the existing work has not 
reached a consistent conclusion on the role of EPU in carbon 
emissions. On the flip side, most of the previous studies 
concerning the impact of EPU on carbon emissions assumed 
that they are linearly related, with the exception of recent 
work by Ahmed et al. (2021) that measured the asymmetric 
impacts of positive and negative fluctuations of EPU. The 
authors also suggested that future surveys should consider 
the potential asymmetric effect of EPU. In this context, the 
present study applies the non-linear ARDL model to analyze 
further whether the effect of EPU on carbon emissions varies 
with the change direction of the EPU trend.

Energy price and carbon emissions

A wealth of literature has documented the significant influ-
ence of oil price changes on carbon emissions. The impact 
of oil price changes on energy-saving emission reduction 
can be explained by factor substitution and technologi-
cal innovation. Assuming that the prices of other factors 
remain unchanged in the short term, the rise of oil prices 
will directly lead to an increased unit cost of production. To 
maintain or even expand the production scale, enterprises 
are encouraged to search for alternative energy production 
factors or improve production technology to advance produc-
tion efficiency and ensure enterprise profits. Therefore, with 
the rise of oil prices, unit energy consumption and carbon 
emissions will be significantly reduced. In addition, rising 
oil prices can also influence the level of carbon emissions by 
lowering consumption demand and adjusting the energy con-
sumption structure (Wong et al. 2013; Mensah et al. 2019). 
This point agrees with neoclassical economics theory; if the 
price of a commodity increases relative to the substitutes’ 
price, the consumption demand for it will descend. Nev-
ertheless, other scholars have advocated that energy prices 
are a significant factor in explaining the decline in carbon 
emissions. Indicatively, Saboori et al. (2016) employed the 
ARDL and Toda–Yamamoto–Dolado–Lütkepohl (TYDL) 
approaches to test the EKC hypothesis for 10 of the OECD 
countries. They concluded that oil prices enhance the quality 
of the environment by negatively influencing the ecological 
footprint. Considering the potential spatial correlations in 
carbon emissions, Li et al. (2020) applied spatial panel data 
models to evaluate the spatial impacts of energy prices on 
the carbon emissions of 30 Chinese provinces. The findings 
demonstrated that energy prices could directly or indirectly 
affect the level of emissions. However, a considerable por-
tion of the literature detected divergent results regarding the 
role of oil prices. Using Johansen multivariate cointegration, 

Alshehry and Belloumi (2015) found that an upward trend 
in oil prices will push oil consumption and aggravate envi-
ronmental pollution by releasing more carbon emissions in 
Saudi Arabia. By dividing 22 African countries into oil-
exporting and non-oil-exporting countries, Mensah et al. 
(2019) introduced the panel ARDL model to discuss the 
causal linkages amid economic growth, fossil fuel consump-
tion, carbon emissions, and oil prices for the 1990–2015 
period. The examined results demonstrated a unilateral 
cause-and-effect nexus from oil prices to emissions in both 
the long and short run for all panels. In a country-specific 
study, Mujtaba and Jena (2021) investigated the determi-
nants of carbon emissions, including economic growth, 
energy use, FDI, and oil prices, by combining the non-lin-
ear ARDL model with an asymmetric causality test for the 
period 1986–2014. The empirical results revealed that both 
the increase and decrease in oil prices significantly increased 
the pressure of environmental pollution.

Due to the large monopoly on energy prices in China, 
the energy pricing system has not been entirely under mar-
ket rules. One practical instance is that the actual price of 
energy is clearly lower than the market-clearing price. There 
appears to be a subset of literature focusing on the environ-
mental consequence of energy price distortion. For instance, 
Ju et al. (2017) quantified the impact of energy price regula-
tions on GDP growth and carbon emissions in China by car-
rying out path analysis and simulation analysis. The authors 
proposed that energy price distortions induced by energy 
price regulations have a specific inhibitory influence on 
emissions. Wang et al. (2019) constructed a dynamic trans-
log function model to analyze the correlation between oil 
price distortion and Chinese transport sector emissions. The 
authors believe that eliminating oil price distortion can sig-
nificantly diminish carbon emissions in the transport sector. 
Given this background, the most recent research by Li et al. 
(2019) and Malik et al. (2020) showed that rising energy 
prices are a significant driver of carbon emissions declines, 
while decreasing energy prices exacerbate emissions. The 
major drawback of these studies is that they assumed the 
asymmetric impact of energy prices on carbon emissions 
and neglected the possibility of an asymmetric effect. Moti-
vated by the established research, this study provides a more 
comprehensive analysis of the effect of oil prices on carbon 
emissions within the USA and China by using the ARDL 
and non-linear ARDL methods.

Methodology and data

Methodology

This study concentrates on detecting the symmetric and asym-
metric impacts of EPU and oil prices on carbon emissions in 
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the case of the USA and China. Based on the existing litera-
ture, EPU and oil prices alone may fail to explain changes in 
carbon emissions. Prior environmental research has validated 
that economic activities and uncontrolled fossil fuel con-
sumption are vital sources of increasing pollutant emissions 
(Ozturk et al. 2019; Le and Ozturk 2020). For instance, taking 
27 selected European Union economies as an example, Ade-
doyin et al. (2021b) proposed that economic development puts 
tremendous pressure on environment quality and accelerates 
growth in carbon emissions. As a fundamental element in eco-
nomic growth, energy consumption is extremely beneficial to 
the development of most economies (Adedoyin et al. 2020b). 
However, it is worth noting that overreliance on energy has had 
undeniable detrimental environmental effects (Adedoyin et al. 
(2021c)). In this light, economic growth (GDP) and energy 
consumption (EC) are incorporated into our model as control 
variables to avoid omitting the essential variables. The link-
age between the variables can be expressed in the following 
equation:

where CO2 is the carbon emissions per capita in metric 
tons, EPU reflects the economic policy uncertainty index, 
WTI represents crude oil prices per barrel, GDP denotes 
real GDP per capita calculated by 2010 US$ prices, and EC 
denotes energy consumption per capita in kilograms of oil 
equivalent. All variables concerned are converted into loga-
rithmic form to eliminate heteroscedasticity. Then, Eq. (1) 
can be transformed to the following:

where �0 is the constant term and � is the error term.
The linear ARDL model was initially applied to examine 

the symmetric effect of EPU and oil prices on carbon emis-
sions. The advantage of the ARDL model is that it is flexible, 
as it can be used regardless of whether the integration order 
of the variables in the model is I(0) or I(1); thus, the statistical 
inferences of long-run estimates can be obtained (Katrakilidis 
and Trachanas 2012). Equation (2) can be transformed into the 
symmetric ARDL model as follows:

where Δ lnCO2 , Δ lnEPU , Δ lnWTI , Δ lnGDP , and Δ lnEC 
represent their respective different values. �1 to �5 indicate 
short-term dynamic relationships, and �1 to �5 represent 
long-term dynamic relationships. Following Pesaran et al. 
(2001), the null hypothesis of the F-joint significance test for 
ARDL bound tests indicates that the cointegration relation-
ship is not present. Specifically, if the F-statistic obtained 

(1)CO2t = f (EPUt,WTIt,GDPt,ECt)

(2)
lnCO2t = �0 + �1 lnEPUt + �2 lnWTIt + �3 lnGDPt + �4 lnECt + �t

(3)

Δ lnCO2t = �0 +

p
∑

i=1

�1Δ lnCO2t−i +

p
∑

i=1

�2Δ lnEPUt−i +

p
∑

i=1

�3Δ lnWTIt−i +

p
∑

i=1

�4Δ lnGDPt−i

+

p
∑

i=1

�5Δ lnECt−i + �1 lnCO2t−1 + �2 lnEPUt−1 + �3 lnWTIt−1 + �4 lnGDPt−1 + �5 lnECt−1 + �t

is higher than the upper bound of the boundary value, then 
cointegration exists between variables. In contrast, no coin-
tegration exists. Then, we estimated the short- and long-term 
coefficients and performed diagnostic tests to ensure the sta-
bility of the model. The short-term models can be written in:

where �i refers to the speed of adjustment from short-term 
to long-term equilibrium.

The ARDL model helps to determine “whether EPU and 
oil prices affect carbon emissions symmetrically.” As argued 
by Falk (1986), most macroeconomic variables incorporate 
non-linear properties. This means that EPU and oil prices are 
possible candidates for causing asymmetric influences on car-
bon emissions. To capture the potential asymmetric relation-
ship, the non-linear ARDL technique advanced by Shin et al. 
(2014) is used to answer another critical question: “does there 
exist heterogeneity in the influence of the positive and negative 
changes of EPU and oil prices on carbon emissions?” Then, 
the non-linear ARDL model can be constructed as follows:

where lnEPU+
t
 , lnWTI+

t
 lnEPU−

t
 , and lnWTI−

t
 represent the 

positive and negative partial sum process variations in EPU 
and oil prices, respectively, and they can be calculated by 
Eq. (6) and Eq. (7):

Then, the non-linear ARDL model can be extended in 
the following form:

(4)
Δ lnCO2t = �0 +

p
∑

i=1

�1Δ lnCO2t−i +

p
∑

i=1

�2Δ lnEPUt−i +

p
∑

i=1

�3Δ lnWTIt−i

+

p
∑

i=1

�4Δ lnGDPt−i +

p
∑

i=1

�5Δ lnECt−i + �iECTt−1 + �t

(5)

lnCO2t = �0 + �1 lnEPU
+

t
+ �2 lnEPU

−

t
+ �3 lnWTI+

t
+ �4 lnWTI−

t

+�5 lnGDPt + �6 lnECt + �t

(6)

lnEPU+

t
=

t
∑

j=1

Δ lnEPU+

j
=

t
∑

j=1

max(Δ lnEPUj, 0),

lnEPU−

t
=

t
∑

j=1

Δ lnEPU−

j
=

t
∑

j=1

min(Δ lnEPUj, 0)

(7)

lnWTI+
t
=

t
∑

j=1

Δ lnWTI+
j
=

t
∑

j=1

max(Δ lnWTIj, 0),

lnWTI−
t
=

t
∑

j=1

Δ lnWTI−
j
=

t
∑

j=1

min(Δ lnWTIj, 0)

(8)

Δ lnCO2t = �0 +

p
∑

i=1

�iΔ lnCO2t−i +

p
∑

i=1

(�+
i
Δ lnEPU+

t−i
+ �−

i
Δ lnEPU−

t−i
)

+

p
∑

i=1

(�+
i
Δ lnWTI+

t−i
+ �−

i
Δ lnWTI−

t−i
) +

p
∑

i=1

�iΔ lnGDPt−i +

p
∑

i=1

�iΔ lnECt−i

+�1 lnCO2t−1 + �+
2
lnEPU+

t−1
+ �−

3
lnEPU−

t−1
+ �+

4
lnWTI+

t−1
+ �−

5
lnWTI−

t−1

+�6 lnGDPt−1 + �7 lnECt−1 + �t
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where 
∑p

i
�+
i
 and 

∑p

i
�−
i
 represent the short-term positive and 

negative impacts of EPU and oil prices on carbon emissions, 
respectively, �+

i
 and �−

i
 capture the long-term effect. The 

error correction model is established by Eq. (9):

where �i shows the long-term equilibrium adjustment speed 
after the short-term shock and �+

i
 �−
i
 indicates the short-term 

asymmetric coefficients.
Figure 1 shows the procedure of the current empirical 

research. Traditional unit root tests and the unit root test 
accounting for structural breaks are first used to examine 
the stationarity properties of the variables concerned with 
the aim of avoiding spurious model results. Then, the ARDL 
bound test is conducted to determine whether long-term 
equilibrium relationships exist between related variables. 
Finally, ARDL and non-linear ARDL techniques are adopted 
to capture the symmetric and asymmetric impacts of EPU 
and oil prices on carbon emissions.

Data description

Our estimations are conducted by selecting monthly obser-
vations of EPU, WTI oil prices, economic growth, energy 
consumption, and carbon emissions for the USA and 
China. Based on the availability of the data, the study spans 
1995:M1–2019:M12. Data for the EPU index can be found 
at http:// www. polic yunce rtain ty. com. WTI crude oil prices 

(9)

Δ lnCO2t =

p
∑

i=1

�iΔ lnCO2t−i +

p
∑

i

(�+
i
Δ lnEPU+

t−i
+ �−

i
Δ lnEPU−

t−i
)

+

p
∑

i

(�+
i
Δ lnWTI+

t−i
+ �−

i
Δ lnWTI−

t−i
) +

p
∑

i=1

�iΔ lnGDPt−i

+

p
∑

i=1

�iΔ lnECt−i + �iECTt−1 + �t

are gathered from the US Energy Information Administra-
tion (www. eia. gov). The remaining data are collected from 
World Development Indicators (World Bank 2020). The 
definitions and sources of all variables are shown in Table 1, 
and the detailed descriptive statistics after transforming all 
the variables into logarithm form are displayed in Table 2. 
In addition, we graphically illustrate the monthly time series 
of the EPU, oil prices, and carbon emissions for the USA 
(Fig. 2a) and China (Fig. 2b) from January 1995 to Decem-
ber 2019. EPU maintains a relatively consistent dynamic 
with the carbon emissions in both the USA and China, but 
the oil-emissions linkage is more ambiguous.

Empirical results and discussion

Unit root test and cointegration test

Prior to modeling the time series data, the ADF test, PP test, 
KPSS test, and ERS test were performed to examine the 
order of integration of variables. As presented in Table 3, all 
series are nonstationary in level form but become stationary 
in the first difference form. Thus, it can be inferred that they 
are integrated of order one, I(1). According to Perron (1989), 
traditional unit root tests ignore structural breaks in the time 
series and may yield biased results. For this purpose, the 
ADF unit root test containing an unknown structural break 
introduced by Kim and Perron (2009) is used. The results 
presented in Table 4 show that all the variables at first dif-
ference have the same integration order I(1). Furthermore, 
the ARDL bound test is conducted to assess whether there 
is a long-run equilibrium relationship among the variables 
concerned. According to the results reported in Table 5, 
the F-statistics value is statistically significant at the 1% 
level and exceeds the critical value of the upper bound of 

Fig. 1  Research design and 
methodology framework
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Narayan’s (2005) table under constant and no trend. It can 
be concluded that there is a long-term cointegrating relation-
ship between EPU, oil prices, and carbon emissions in the 
sample period.

The linear ARDL analysis

To facilitate comparison, the ARDL and ARDL-ECM tech-
niques are utilized to estimate the long-term and short-term 
correlations between variables in the USA and China, and 
the detailed estimations are summarized in Table 6 and 
Table 7. Following Ullah et al. (2021), this study applied 
the Akaike information criteria (AIC) and used a maximum 
of four lags for the data of the model. In the case of long-
run correlation, we observe that the coefficients of EPU are 
insignificant under the symmetrical framework in both the 
USA and China, which suggests that there is no evidence 
of any meaningful relationship between EPU and carbon 
emissions. Furthermore, the same is true when we con-
sider the environmental impact of EPU in the short run. In 
other words, the environmental effect of EPU is negligible, 
whether in the long run or short run. Our result coincides 
with the work of Abbasi and Adedoyin (2021), who revealed 
that EPU has a statistically insignificant influence on varia-
tions in carbon emissions.

For oil prices, the results reveal that oil prices have 
insignificant positive coefficients in the current period. The 
lagged oil price measures (WTIt-1 in the USA and WTIt-2 
in China) significantly and negatively affect carbon emis-
sions in the long run. It is reasonable to believe that oil price 
changes exert a beneficial influence on carbon emissions 
over time, and they could be an effective regulatory tool 
for emission mitigation in the USA and China in the near 
future. This evidence is confirmed by and consistent with 
analysis work by Saboori et al. (2016) in some OECD coun-
tries’ cases. The reason for this phenomenon may be that the 
fall in oil prices has garnered the attention of policy-makers 
regarding the sustainable diversification of energy structures 
rather than cheap energy policies, which restrains pollution 
emissions. Likewise, in the short run, the coefficients of oil 
prices are insignificant in the current period, but the first lag 
of oil prices (∆WTIt-1) is significant and has different signs 
in the USA and China. In the USA, the first lag of oil prices 
brings a negative effect, while it is positively correlated with 
emissions in China. A 1% increase in oil prices is associated 
with an 11.99% decrease in carbon emissions in the USA 
and a 1.11% increase in emissions in China. In addition, 
the error correlation terms (ECT) are significantly nega-
tive in Table 7, which signifies that any deviation from the 
long-run equilibrium has been corrected, and the speed of 

Table 1  Variable definitions and 
data sources

All of the data are monthly over the period

Variables Definition Data source

CO2 Carbon dioxide emissions (metric tons) World Development Indicators
EPU Economic policy uncertainty http:// www. polic yunce rtain ty. com
WTI Oil price (crude oil price per barrel) Energy Information Administration
EC Energy consumption (kg of oil equivalents per 

capita)
World Development Indicators

GDP Economic growth (constant 2010 US$) World Development Indicators

Table 2  Descriptive statistics

***, **, * denote the statistical significance at the 1%, 5%, and 10% levels, respectively

Variable Mean Med Max Min St.dev Skew Kurt JB

US
   CO2 2.6649 2.6640 2.7478 2.5829 0.0352 0.0668 2.5417 2.8483
  EPU 2.0384 2.0305 2.4535 1.6511 0.1650 0.2310 2.5430 5.2797*
  WTI 1.6528 1.6972 2.1267 1.0549 0.2635  − 0.2866 1.9476 17.9502***
  GDP 13.1530 13.1687 13.2658 13.0032 0.0694  − 0.4246 2.3086 14.9895***
  EC 3.8662 3.8859 3.9071 3.7722 0.0345  − 1.0213 3.3446 53.6384***
China
   CO2 3.0659 3.0924 3.3034 2.8089 0.1864  − 0.2153 1.3837 34.9705***
  EPU 2.0831 2.0377 2.9871 0.9574 0.3553 0.3154 3.2804 5.9589*
  WTI 1.6528 1.6972 2.1267 1.0549 0.2635  − 0.2866 1.9476 17.9502***
  GDP 12.6363 12.6619 13.0731 12.1488 0.2828  − 0.0905 1.6444 23.3794***
  EC 3.1704 3.2130 3.4021 2.9291 0.1719  − 0.2049 1.3999 34.1037***
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Fig. 2  Time series of the EPU, oil price, and total carbon emissions in the USA and China from January 1995 to December 2019
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adjustment is 41.97% for the USA and 7.50% for China. It is 
worth noting that the ARDL model assumes the increase and 
decrease in EPU and oil prices have symmetric effects on 
carbon emissions. In the presence of potential asymmetry, 
the ARDL technique may not be suitable and could provide 
misleading evidence. To this end, applying the non-linear 
ARDL technique to take further steps to highlight the hidden 
asymmetric relationship is advised.

The non‑linear ARDL analysis

In this subsection, we apply Wald tests for short- and 
long-run asymmetry to determine the most suitable model 
specification. As shown in Table 8, the non-linear ARDL 
with long-run asymmetry is selected for EPU in China and 
oil prices in both the USA and China, and the non-linear 
ARDL with short-run asymmetry and long-run asymmetry 
is selected for EPU in the USA. This highlights the effective-
ness of considering asymmetries in modeling the associa-
tions between EPU, oil prices, and carbon emissions, and the 
results from linear models may not be comprehensive and 
authoritative. We then use the non-linear ARDL technique 
to capture the possible asymmetric correlations between 
variables. The Akaike information criteria (AIC) is used as 
the lag selection criterion. The results reported in Table 9 
and Table 10 reveal that the response of carbon emissions 
to positive or negative changes in EPU and oil prices differs 
significantly in the long and short run. In the long run, the 
positive shock in EPU (EPU-P) has an insignificant positive 
impact in the US. In contrast, the negative change in EPU 
(EPU-N) in relation to carbon emissions exerts a signifi-
cant positive effect (with 0.0224 at 5% significance). The 
positive sign illustrates that the negative change in EPU 
is responsible for environmental deterioration through the 
promotion of carbon emissions. It can be concluded that 
carbon emissions of the USA are more vulnerable to the 
lower level of EPU, whereas a high level of EPU does not 
notably influence carbon emissions. A possible explanation 
for this result is that, in theory, a higher level of EPU is one 
of the fundamental forces driving macroeconomic volatil-
ity (Pastor and Veronesi 2012, 2013). Under such circum-
stances, enterprises tend to reduce investment and produc-
tion activities due to unclear expectations about the future. 
The government’s attention to environmental governance is 
also be distracted, which inevitably negatively impacts the 
implementation and supervision of environmental policies 
(Jiang et al. 2019). Accordingly, increased EPU will not 
cause an increase in carbon emissions in the USA. When 
the EPU level decreases, enterprises resume investment and 
production, and the willingness to consume and demand of 
consumers rise, which facilitates the consumption of energy 
and stimulates carbon emissions. According to the short-run 
estimations presented in Table 10, the positive shock in EPU 

(EPU-P) does not affect carbon emissions, and the negative 
shock (EPU-N) has a significantly positive impact, with a 
coefficient of 0.0495 at 10% level of significance. Thus, in 
the short run, carbon emissions in the USA are less respon-
sive to the increase of EPU than that its decrease.

In China, it can be observed that the effect of a long-
run positive shock to EPU (EPU-P) on carbon emissions is 
significantly positive, with a coefficient of 0.0004 at a 5% 
level of significance, while a negative shock of EPU (EPU-
N) is insignificantly positive. This information validates 
that the increase in EPU exacerbates environmental qual-
ity, while the decrease in EPU seems to be negligible. This 
may occur because EPU increases and stagnation in research 
and development (R&D) and innovation is not conducive 
to the sustainable development and utilization of renewable 
energy, thereby causing a rapid increase in emissions. As 
another potential cause, the increased EPU makes it difficult 
for regulated enterprises to form clear expectations for the 
government’s environmental policies and future behavior. 
The inherent impetus of enterprises in energy conservation 
and emission abatement has been seriously diminished. 
Enterprises prefer to adopt high energy consumption and 
low-cost production modes, which dramatically stimulate 
carbon emissions. Our findings support Adams et al. (2020) 
in that there exists a significant long-run association between 
EPU and carbon emissions. The short-run estimations show 
that the positive or negative shock in EPU could not influ-
ence Chinese carbon emissions.

Regarding oil prices, as far as the long-run relationship 
is concerned, the coefficient of oil prices (WTI-P) has a 
significantly positive sign in the USA, which confirms that 
the rise in oil prices obviously promotes carbon emissions, 
and as oil prices increase by 1% following an increase 
in emissions by approximately 15.73%. Nevertheless, the 
coefficient of the first-order lag of positive shock to oil 
prices (WTI-Pt-1) is significantly negative, supporting the 
cumulative role of rising oil prices in lowering carbon 
emissions, noting the lag effect. This outcome implies 
that the rise in oil prices directly drives carbon emissions 
in the current period and facilitates the decline of emis-
sions in the later period. The reason may be that industrial 
enterprises will seek alternative energy in cases of rising 
oil prices. If the chosen alternative energy source is not 
energy saving, carbon emissions will increase as oil prices 
rise. When industrial enterprises later reduce the risk of 
increased costs caused by rising oil prices through tech-
nological innovation, rising oil prices will be conducive to 
the reduction of emissions. This may be the reason for the 
lag effect of oil prices on emission reduction. In addition, 
a long-run negative shock to oil prices exerts a significant 
positive effect at lag 2 (WTI-Nt-2) with a statistically signif-
icant coefficient of 0.1868. The positive correlation indi-
cates that falling oil prices positively influence emissions 
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but with a lag effect in the USA. This situation may occur 
because when oil prices are at a low level, the motivation 
for technological innovation of enterprises is insufficient, 
and economic growth is driven by high input and high 
consumption, which intensifies pollution emissions. This 
is consistent with the evidence presented by Alshehry and 
Belloumi (2015) and Mensah et al. (2019).

The coefficient of the increase in oil prices (WTI-P) in 
China is significantly positive at a 10% level of significance 
in the long run. Every 1% increase is predicted to elevate 
carbon emissions by 0.44%. This result may be attributed 
to the increased reliance on nonrenewable energy such as 
coal or natural gas with the rise of oil prices, resulting in 
increased emissions. It is essential to note that the positive 

impact of rising oil prices in China is far lower than that in 
the USA. The reason may lie in the low efficiency of the 
Chinese energy market due to strict government regulation. 
This result is similar to Li et al. (2020), who claimed that 
the elasticity of energy prices to carbon emissions in China 
is relatively small. In the short run, carbon emissions in the 
USA and China are not significantly affected by the increase 
or decrease in oil prices (WTI-P or WTI-N) in the current 
period, suggesting that oil price volatility is not the key driv-
ing force behind the growth of carbon emissions over the 
short run. One possible explanation is that rising oil prices 
urge policy-makers to focus on short-term energy security 
rather than long-term strategies to prevent pollution (Apergis 
and Gangopadhyay 2020). Thus, the environmental damage 

Table 3  Results of unit root test without structural break

***, **, * denote the statistical significance at the 1%, 5%, and 10% levels, respectively

Variables Level First difference

ADF PP KPSS ERS ADF PP KPSS ERS

US
   CO2  − 0.5238  − 0.2853 0.4785***  − 2.0221***  − 4.6156***  − 56.6632*** 0.1662  − 2.1717***
  EPU  − 7.5516***  − 7.9091*** 0.0759  − 6.3719***  − 13.1016***  − 31.8144*** 0.0651  − 19.2936***
  WTI  − 1.8568  − 1.7320 0.3693***  − 2.1745***  − 13.2739***  − 13.2646*** 0.1304  − 13.1700***
  GDP  − 2.7303  − 2.3219 0.3577***  − 1.1166***  − 2.8946**  − 10.9039*** 0.1714  − 3.0816**
  EC  − 3.7408**  − 0.5892 0.1879  − 2.6368***  − 4.8277***  − 11.9787*** 0.0600  − 4.8222
China
   CO2  − 2.2155 3.6201 0.2640***  − 1.9360***  − 1.7786*  − 12.0447*** 0.2306***  − 2.3295***
  EPU  − 3.7719**  − 10.2384*** 0.2226***  − 1.7806*  − 15.9910***  − 40.6282*** 0.2223  − 15.8911***
  WTI  − 1.8568  − 1.7230 0.3693***  − 2.1745  − 13.2729***  − 13.2646*** 0.1304  − 13.1700***
  GDP 1.7331 0.8491 0.3342***  − 1.1644***  − 2.0250  − 7.1251*** 0.3384***  − 2.3998**
  EC  − 2.4628 5.1339 0.2852***  − 2.1424  − 1.4960  − 5.6180*** 0.3024  − 2.1534***

Table 4  Results of unit root 
test with an unknown structural 
break (Kim and Perron 2009)

***, **, * denote the statistical significance at the 1%, 5%, and 10% levels, respectively

Variables Level First difference

Breaks in intercept Breaks in trend and 
intercept

Breaks in intercept Breaks in 
trend and 
intercept

US
   CO2  − 8.4769  − 9.7615  − 18.9769***  − 18.9434***
  EPU  − 8.1442***  − 8.4285***  − 21.6091***  − 21.5725***
  WTI  − 3.6029  − 4.7615  − 13.8645***  − 13.8514***
  GDP  − 5.8042  − 4.7838  − 8.8686***  − 9.2464***
  EC  − 4.0726***  − 4.4571**  − 9.9900***  − 9.9737***
China
   CO2  − 4.1781  − 3.4667  − 9.7240***  − 9.7144***
  EPU  − 5.9677***  − 9.2715***  − 26.0833***  − 26.0579***
  WTI  − 3.6029  − 4.7615  − 13.8645***  − 13.8514***
  GDP  − 6.8735  − 2.2743  − 6.0557***  − 6.2956***
  EC  − 5.0879  − 5.1690  − 5.5517***  − 5.5749***

26474 Environmental Science and Pollution Research (2022) 29:26465–26482



1 3

caused by the oil price increase is not expected to be obvi-
ous. However, the negative change in oil prices at the first-
order lag (WTI-Nt-1) has a significant negative impact in the 
USA and China, with coefficients of − 0.0973 and − 0.0265, 
respectively. In other words, the decline in oil prices exerts 
an adverse effect on emissions in the short run, but there 
exists a lag effect. The evidence confirms the notion of Li 
et al. (2020) that the environmental consequence of energy 
prices has a lag effect. In summary, the asymmetric ARDL 

results present a completely separate picture from the sym-
metric ARDL, and assuming the symmetric effect of EPU 
and oil prices can lead to unreliable inferences and uncon-
vincing results. Therefore, applying a more flexible non-lin-
ear ARDL model that accounts for the asymmetric features 
of EPU and oil price shocks is suggested.

Concerning the other variables, the coefficients of eco-
nomic growth are positive and present a significant effect 
on carbon emissions in the USA and China over the long 
run. The results postulate that every 1% increase in eco-
nomic growth will result in 97.31% and 99.14% increases 
in carbon emissions in the USA and China, respectively. 
This result indicates that the economic development of the 
USA and China is accomplished by environmental degra-
dation, which is consistent with our expectations because 
carbon emissions will be increasingly severe for the large 
consumption of energy with the speed of economic devel-
opment (Adedoyin et al. 2021a, d). The short-run effect of 
economic growth is positive and insignificant in the USA, 
while it is significant in China. This finding may be due 
to the difference in the level of economic development 
and economic structure between these two countries. In 
the USA, the scale effect of economic development may 
be offset by the technical and structure effect, while the 
extensive growth method in China delays the development 
of a low-carbon economy and emission mitigation (Huang 

Table 5  Bound test estimates

*** denotes the statistical significance at the 1% level

F-bounds test statistics Null hypothesis: no levels rela-
tionship

Significance I(0) I(1)

US
  F-statistic 11.5403*** 10% 2.20 3.09
  k 4 5% 2.56 3.49

2.5% 2.88 3.87
1% 3.29 4.37

China
  F-statistic 5.6888*** 10% 2.20 3.09
  k 4 5% 2.56 3.49

2.5% 2.88 3.87
1% 3.29 4.37

Table 6  Long-run coefficients of the ARDL model estimations

***, **, * denote the statistical significance at the 1%, 5%, and 10% 
levels, respectively

Dependent variable:  CO2 US China
Regressors Long-run ARDL 

models (4,0,2,0,0)
Long-run 
ARDL models 
(4,0,2,1,2)

CO2t-1 0.5419*** 1.1189***
CO2t-2  − 0.0941*  − 0.0179
CO2t-3  − 0.2763*** 0.0025
CO2t-4 0.1331**  − 0.1878***
EPU  − 0.0015 0.0007
WTI 0.0226 0.0044
WTIt-1  − 0.1420** 0.0081
WTIt-2 0.1274***  − 0.0096**
GDP 0.0525  − 1.0480***
GDPt-1 - 1.0285***
EC 0.4779*** 0.2436
ECt-1 - 0.1217
ECt-2 -  − 0.2487
Constant  − 0.6954 0.1321***
Adjusted R2 0.5117 0.9998
F-statistic 31.9168*** 145.9993***
Durbin-Watson 2.0977 2.0701

Table 7  Short-run coefficients of the ARDL model estimations

***, **, * denote the statistical significance at the 1%, 5%, and 10% 
levels, respectively

Dependent variable:  CO2 US China
Regressors Short-run ARDL 

models (4,0,2,0,0)
Short-run 
ARDL models 
(4,0,2,1,2)

∆CO2t-1  − 0.0943 0.1749***
∆CO2t-2  − 0.0774 0.1506**
∆CO2t-3  − 0.3244*** 0.1623***
∆CO2t-4  − 0.3768*** 0.1489**
∆EPU 0.0143 0.0001
∆WTI 0.0361 0.0041
∆WTIt-1  − 0.1199*** 0.0111***
∆WTIt-2  − 0.0055 0.0003
∆GDP 0.7486  − 0.9323***
∆GDPt-1 - 0.1516
∆EC 1.3967 0.0800*
∆ECt-1 - 0.0601
∆ECt-2 - 0.1042
ECTt-1  − 0.4197***  − 0.0750***
Constant  − 0.0016 0.0015**
Adjusted R2 0.4508 0.4991
F-statistic 10.6537*** 10.7232***
Durbin-Watson 1.8960 2.0525
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et al. 2020). Shittu et al. (2021) also confirmed that the 
environmental quality of Asian countries, including China, 
deteriorates with rapid economic growth. Regarding energy 
consumption, it can be noted that the long-term coefficients 
in the USA and China are positive but nonsignificant in 
the current period. In contrast, energy consumption exerts 
a significant positive impact on carbon emissions in the 
short run. An increase in energy consumption by 1% led 

to carbon emission increases of 114.76% and 6.04% in the 
USA and China, respectively. This result echoes the find-
ings of Adedoyin et al. (2020a), who also reported that 
growth in fossil fuel energy consumption is one of the 
determinants that hinders carbon emissions abatement. 
Consequently, the transformation of economic growth and 
energy consumption in both the USA and China to a more 
ecological pattern requires urgent solutions.

Table 8  Wald test results in 
NARDL models: long-run (LR) 
and short-run (SR) asymmetry

*** denotes the statistical significance at the 1% level. The estimation is based on Eq. (8) and Eq. (9). WLR 
denotes the Wald test for long-run symmetry, which examines the null hypothesis in Eq.  (8). WSR corre-
sponds to the Wald test for short-run symmetry, which examines the null hypothesis in Eq. (9)

US China

EPU WTI EPU WTI

Long-run WLR 9.3369*** 4.5947*** 5.4687*** 7.0940***
Short-run WSR 3.9913*** 1.6984 1.3010 1.0120
Selected specification NARDL with 

LR&SR asym-
metry

NARDL with LR 
asymmetry

NARDL with LR 
asymmetry

NARDL with 
LR asym-
metry

Table 9  Non-linear long-run coefficients of the ARDL model estima-
tions

***, **, * denote the statistical significance at the 1%, 5%, and 10% 
levels, respectively

Dependent variable:  CO2 US China
Regressors Long-run ARDL 

models (3,0,2,0,3)
Long-run 
ARDL models 
(4,0,2,1,2)

CO2t-1 0.3735*** 1.1085***
CO2t-2  − 0.1206**  − 0.0153
CO2t-3  − 0.3597***  − 0.0001
CO2t-4 -  − 0.1802***
EPU-P 0.0075 0.0004**
EPU-N 0.0224** 0.0006
WTI-P 0.1573* 0.0044*
WTI-Pt-1  − 0.1491* -
WTI-N  − 0.0493 0.0022
WTI-Nt-1  − 0.1096 0.0198**
WTI-Nt-2 0.1868***  − 0.0192***
GDP 0.9731***  − 0.9914***
GDPt-1 - 0.9717***
EC 0.6923 0.2296
ECt-1  − 0.9743 0.1694
ECt-2 1.7424  − 0.2819*
ECt-3  − 1.3434* -
Constant  − 10.1828*** 0.1455
Adjusted R2 0.5968 0.9998
F-statistic 30.2123*** 128.2884***
Durbin-Watson 2.0099 2.0648

Table 10  Non-linear short-run coefficients of the ARDL model esti-
mations

***, **, * denote the statistical significance at the 1%, 5% and 10% 
levels, respectively

Dependent variable:  CO2 US China
Regressors Short-run ARDL 

models (3,0,2,0,3)
Short-run 
ARDL models 
(4,0,2,1,2)

∆CO2t-1  − 0.0703 0.1759***
∆CO2t-2  − 0.0574 0.1498**
∆CO2t-3  − 0.3154*** 0.1441**
∆CO2t-4 - 0.1584***
∆EPU-P  − 0.0153  − 0.0006
∆EPU-N 0.0495* 0.0004
∆WTI-P 0.1739 0.0096
∆WTI-Pt-1  − 0.0953 -
∆WTI-N  − 0.0766  − 0.0021
∆WTI-Nt-1  − 0.0973***  − 0.0265***
∆WTI-Nt-2 0.0261  − 0.0010
∆GDP  − 0.0870  − 0.9990**
∆GDPt-1 - 0.1384*
∆EC 1.1476 0.0604**
∆ECt-1  − 0.3049 0.1368
∆ECt-2 1.8016** 0.1003
∆ECt-3  − 0.7206 -
ECTt-1  − 0.4272***  − 0.0800***
Constant  − 0.0047 0.0021
Adjusted R2 0.4584 0.4484
F-statistic 8.0868*** 7.8067***
Durbin-Watson 1.9236 2.0469
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Robustness checks

To confirm the validity of our results, several statistical 
tests were performed on the dataset. The cumulative sum 
(CUSUM) and cumulative sum of squares (CUSUMSQ) sta-
bility tests were utilized first to ensure the structural ability 
of the models. As shown in Fig. 3 and Fig. 4, in addition to 
the CUSUMQ for the USA from 2008 to 2016 and China 
from 2000 to 2008 being out of the critical bound, the esti-
mated parameters are stable for most of the cases, showing 
that the model coefficients calculated are basically struc-
turally stable. We infer that the instability of the estimated 
parameters during 2008–2016 and 2000–2008 may be due to 
structural breaks of carbon emissions in the USA and China 
in the short term.

Furthermore, multiplier dynamic adjustments are applied 
to examine the asymmetries due to the EPU and oil price 
decomposition, as plotted in Fig. 5 and Fig. 6. The solid 
black lines and the black dotted lines refer to the non-linear 
adjustment of EPU and oil prices in response to positive 
shocks and negative shocks, respectively. The asymmet-
ric pattern shown by the red dotted line is the difference 
between negative and positive shocks. The cumulative 
dynamic multiplier effect fully reflects the adjustment of 
carbon emissions from the original equilibrium to the new 
equilibrium after a unit of the negative or positive shock 
of EPU and oil prices. Specifically, the criteria in the sym-
metrical or asymmetrical adjustment of carbon emissions 
are to observe the directions and degrees in the adjustment 
of carbon emissions are consistent after a unit of the positive 
and negative shock of EPU or oil prices. It could be called 
symmetry only when the degree of the adjustment is the 
same and the direction is opposite. Otherwise, it is called 
asymmetric.

The dynamic adjustment graph of carbon emissions in the 
USA presented in Fig. 5a shows both long-run and short-run 
asymmetry. The asymmetric curve shows that the dynamic 
multiplier effect on positive change in EPU is negative in 
the first 3 months and then becomes positive. The effect 
of the negative change in EPU is negative except that it is 
positive in the fifth month. Further observation shows that 
the influence of the negative change is stronger than that of 
a positive change in most cases, and the asymmetry curve is 
much closer to the negative shock. Similarly, Fig. 5b dem-
onstrates that the dynamic adjustment to the positive and 
negative shocks of oil prices are also asymmetric in the 
long and short term, and the asymmetry is more evident in 
the short term. For the dynamic multipliers graph of China 
shown in Fig. 6a, the asymmetric curve illustrates that the 
dynamic multiplier effect on positive change in EPU is posi-
tive in the whole sample range, while the negative change 
effect becomes negative. However, it is worth noting that the 
asymmetry curve comes closer to the negative shock because 
the negative change in EPU has a more substantial impact 
than that of a positive change. In Fig. 6b, the dynamic mul-
tiplier effect on the positive change in oil prices is positive 
and reaches the maximum in the fifteenth period, and the 
negative change is negative and peaks in the ninth period. 
Overall, the results are highly consistent with the empirical 
results regarding the asymmetric effect of EPU and oil prices 
obtained in the previous sections.

Finally, we also use the alternative crude oil price (Brent) 
to further verify the robustness of our findings. This enables 
us to evaluate whether the results are robust to the choice of 
oil price selection. The non-linear short-run and long-run 
coefficients of the ARDL model estimates reported in the 
(Tables 11 and 12) largely support the asymmetric relation-
ship between EPU, oil prices, and carbon emissions obtained 

Fig. 3  Non-linear ARDL CUSUM and CUSUMSQ graphs in the USA
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when using WTI oil prices, suggesting that the above listed 
non-linear ARDL results are reliable and robust to different 
measures of energy prices.

Conclusions

Most early studies that examined the responses of EPU and 
oil prices to carbon emissions relied on the assumption that 
the increased and decreased EPU and oil prices behave sym-
metrically; however, the potential asymmetric effects have 
been overlooked. This study aimed to investigate both the 
symmetric and asymmetric effects of EPU and oil prices 
on carbon emissions in the USA and China over the period 

1995:M1–2019:M12. The investigation of the environmen-
tal effect of EPU and oil price changes is addressed by first 
using the linear ARDL model and then adopting the non-
linear ARDL approach. The empirical results of the linear 
ARDL model show that in both the USA and China, the 
changes in EPU do not affect carbon emissions in either the 
short or long run, and oil prices impose a lagged impact on 
carbon emissions. With the non-linear ARDL model, we 
disclose evidence of significant asymmetric effects of EPU 
and oil prices on carbon emissions over the short and long 
run. Specifically, the negative shock in EPU significantly 
escalates carbon emissions in the USA neither in the short 
run nor in the long run. In the case of China, the positive 
shocks in EPU contribute to increases in carbon emissions 

Fig. 4  Non-linear ARDL CUSUM and CUSUMSQ graphs in China

(a) EPU                                              (b) oil prices

Fig. 5  Non-linear ARDL dynamic multiplier effect graphs in the USA
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in the long run, and both of the positive and negative shocks 
in EPU exert a nonsignificant influence on emissions in the 
short run. In other words, the carbon emissions of the USA 
are mainly affected by the increase in EPU, and EPU changes 
have a significant impact on the carbon emissions of China 
only in the long run. Regarding oil prices, the increased oil 
prices generate a positive effect in both the USA and China 
in the long run, whereas this effect becomes nonsignificant 
in the short run, and the impact of the decreased oil prices 
has a lag effect. Not surprisingly, growing GDP and exces-
sive energy consumption are the main bottlenecks of emis-
sion mitigation.

Based on the above findings, the policy implications 
of this work are straightforward. First, the research shows 
that the negative change in EPU causes carbon emissions 
in the USA. The main concern for policy-makers is how 
to develop diversified energy policies and apply advanced 
techniques extensively for environmentally sustainable 
development. For China, given that the positive change in 
EPU deteriorates environmental quality by emitting more 
carbon emissions over the long-run period, it is eminent 
for the relevant departments to make prudent decisions 
from a long-term perspective when formulating economic 
policies to avoid the institutional costs caused by frequent 
unnecessary changes in relevant economic policies. In 
addition, gradually improving the market information 
disclosure system and easing the information asymmetry 
or shortage in the market would prevent the rise of emis-
sions due to the increased EPU. Second, a positive shock 
to oil prices is a major source of carbon emissions in the 
long run in both the USA and China. Efforts should be 
made to finetune fossil energy consumption by vigorously 

developing green and clean energy such as solar energy 
or hydroenergy and guiding these two countries toward 
energy resource diversification and low-carbon intensifi-
cation. It is also recommended that the USA and China 
invest in low-carbon and carbon–neutral energy resources 
and adopt measures of energy efficiency. Although there 
is a lag effect, downward oil prices aggravate environmen-
tal pollution in China. The Chinese government should 
accelerate the market-oriented reform of energy prices, 
encourage the market’s leading role in the crude oil pric-
ing mechanism, and strengthen the commodity attribute of 
crude oil. This is particularly effective in the short term, 
as it can diminish the increase in carbon emissions caused 
by the overconsumption of crude oil. Finally, our find-
ings also reveal that economic development and energy 
consumption are detrimental to enhancing environmental 
quality in the USA and China. As a result, it is expected 
that minimizing carbon-intensive energy use, raising the 
proportion of renewable energy, and promoting the exploi-
tation and utilization of new energy-saving environmental 
protection technologies, equipment, and products will be 
conducive to pollution emission mitigation. More impor-
tantly, it would be better to establish and improve the 
green low-carbon circular development economic system 
in the USA and China.

This article builds on the framework of EPU, oil prices, 
and carbon emissions by providing evidence of asymmetric 
effects, which contributes to clarifying the role of EPU and 
oil prices in environmental quality. Nevertheless, there is 
still much work to be done. Specifically, the EPU index 
refers to the uncertainty related to monetary, fiscal, and 
trade policies, and EPU in this study is used as a unified 

(a) EPU                                            (b) oil prices

Fig. 6  Non-linear ARDL dynamic multiplier effect graphs in China

26479Environmental Science and Pollution Research (2022) 29:26465–26482



1 3

indicator. It would be interesting to distinguish the impacts 
of different types of EPU on carbon emissions in a compre-
hensive study for further exploration. In addition, the cur-
rent analysis selects only the USA and China as the major 
subjects investigated. Since the characteristics of economic 
structure and emission levels can differ in other countries, 
the relationships between carbon emissions, EPU, and oil 
prices may be subject to heterogeneity, and the results 
obtained cannot be validated and applied to all countries. 
Consequently, future work on other countries is required to 
generalize the environmental consequences of EPU and oil 
prices to seek practical solutions to alleviate the pressure of 
carbon emissions growth for other countries.
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Table 11  Nonlinear long-run coefficients of the ARDL model estima-
tions

***, **, * denote the statistical significance at the 1%, 5% and 10% 
levels, respectively.

Dependent Variable:  CO2 US China
Regressors Long-run ARDL 

models (3,0,2,0,3)
Long-run 
ARDL models 
(4,0,2,1,2)

CO2t-1 0.3677*** 1.1107***
CO2t-2 -0.1168** -0.0091
CO2t-3 -0.3443*** -0.0069
CO2t-4 - -0.1811***
EPU-P 0.0067 0.0004**
EPU-N 0.0238** 0.0006
Brent-P 0.1010* 0.0038*
Brent-Pt-1 -0.1637* -
Brent-N -0.0013 0.0055
Brent-Nt-1 -0.1486 0.0128*
Brent-Nt-2 0.1680*** -0.0159***
GDP 0.9630*** -0.9280***
GDPt-1 - 0.9095***
EC 1.0687* 0.2080
ECt-1 -0.9251 0.1841
ECt-2 1.9157 -0.2765*
ECt-3 -1.6295* -
Constant -10.2583*** 0.1334
Adjusted  R2 0.6061 0.9998
F-statistic 30.4263*** 127.6465***
Durbin-Watson 2.0291 2.0749

Table 12  Nonlinear short-run coefficients of the ARDL model esti-
mations

***, **, * denote the statistical significance at the 1%, 5% and 10% 
levels, respectively.

Dependent Variable:  CO2 US China
Regressors Short-run ARDL 

model (3,0,2,0,3)
Short-run ARDL 
model (4,0,2,1,2)

∆CO2t-1 -0.0820 0.1693***
∆CO2t-2 -0.0559 0.1478**
∆CO2t-3 -0.3108*** 0.1480**
∆CO2t-4 - 0.1563***
∆EPU-P -0.0218 -0.0003
∆EPU-N 0.0598* 0.0005
∆Brent-P 0.1167 0.0005
∆Brent-Pt-1 -0.0959 -
∆Brent-N -0.0631 -0.0056
∆Brent-Nt-1 -0.0940*** 0.0171**
∆Brent-Nt-2 0.0424 -0.0010
∆GDP 0.1052 -0.9440**
∆GDPt-1 - 0.1178*
∆EC 1.2312 0.0878**
∆ECt-1 -0.2518 0.1095
∆ECt-2 1.5784 0.0737
∆ECt-3 -0.7244 -
ECTt-1 -0.4266*** -0.0814***
Constant -0.0051 0.0021**
Adjusted  R2 0.5228 0.5113
F-statistic 8.0775*** 7.7132***
Durbin-Watson 1.9112 2.0411
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