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ABSTRACT 

The body of research on how uncertainty in economic policy affects load 
capacity factors has expanded quickly in recent years as concerns over the 
possible detrimental consequences of policy uncertainty on 
environmental sustainability are growing among scholars and 
policymakers. In this context, the primary aim of this research is to use 
annual data from the United States and China collected between 1985 and 
2018 to examine the short- and long-term impacts of economic policy 
uncertainty on the load capacity factor. The study employed the Fourier 
Autoregressive Distributed Lag method to investigate the long- and short-
term effects of energy intensity and economic growth while the Fourier-
Toda-Yamamoto causality approach was utilized to assess the causal 
relationship between the variables. Findings show that whereas economic 
policy uncertainty temporarily improves environmental quality in China, 
it only has a long-term detrimental effect on environmental quality in the 
United States. Additionally, the findings demonstrate that energy intensity 
in both nations dramatically lowers environmental quality. Furthermore, 
there is also a causal relationship between economic policy uncertainty 
and economic growth in the United States along with economic growth 
and load capacity factor and energy intensity in China. These 
unidirectional causal relationships demonstrate the existence of a causal 
relationship. Effective policies should be developed to enhance 
environmental quality in China and the United States, taking into 
consideration the findings.  
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INTRODUCTION 

Environmental problems, which have become a global problem, have 
reached the size of a climate crisis, and have become a situation that 
threatens all humanity. Ecological issues that arise because of the usage of 
fossil fuels, which are seen as necessary for the realization of economic 
activities and activities, have been the subject of much research. The study 
of how economic expansion affects the environment paved the way for 
studies on how economic activity and the environment interact. It is seen 
that these studies generally focus on the environmental Kuznets curve 
(EKC) hypothesis [1–5]. The theory of EKC initially revealed an inverted U-
shaped link between economic expansion and income inequality, was 
later adapted to the link between economic growth (GDP) and 
environmental deterioration by [6,7]. Recently, the impact of economic 
policy uncertainty and energy intensity on economic growth as well as the 
environment have been the subject of various studies within the 
framework of the EKC hypothesis [8–13]. Researchers have become 
interested in environmental problems due to increasing concerns about 
economic policy uncertainty, which is assumed to influence some 
economic metrics, including GDP. Although economic news largely shaped 
market fluctuations before the 2008 global crisis, the fact that politicians 
dominated news coverage of the economy following the crisis serves as an 
illustration of the significance of economic policy uncertainty for the 
economy [14]. The economic policy uncertainty has grown since the start 
of the twenty-first century. Recent international occurrences like the 
global financial meltdown, Brexit, the trade dispute between the US and 
China, and the COVID-19 epidemic have increased economic policy 
uncertainty globally and made it more difficult to make economic 
decisions [12]. This forces those in charge of economic policy to alter their 
policies, programs, and measures more frequently when they are faced 
with discontinuities, turbulence, instabilities, and crisis circumstances 
[11]. In addition to the economic effects of economic policy uncertainty, its 
ecological effects are also in the form of consumption and investment 
effects. Consumption effect and investment effect are the two ways that 
economic policy uncertainty can have an adverse environmental effect. 
According to the consumption effect, economic policy uncertainty 
decreases the usage of products with high energy and environmental 
impact. As the economic policy uncertainty rises, environmental 
degradation will consequently decline. In the investment effect, a higher 
level of economic policy uncertainty hinders investment in green energy 
and renewable energy (RE) projects and Research & Development (R&D) 
and consequently causes environmental degradation. The positive or 
negative impact of the economic policy uncertainty on the environment 
depends on whether the “consumption effect” or “investment effect” 
dominates [11]. It is also said that in an environment where economic 
policy uncertainty is present, environmental regulations will not exist or 
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will be at a low level, and therefore environmental quality will decrease 
[15].  

Furthermore, energy intensity raises per-person greenhouse gas (GHG) 
emissions and energy consumption, both of which are negative for the 
environment [16]. Reducing energy intensity permits a decrease in 
production-related emissions while also helping regulate environmental 
issues [17]. The evolution of energy intensity throughout time can be 
significantly influenced by structural and technological changes as well as 
GHG emissions [18]. Public resources allocated to energy R&D can help 
manage or reduce GHG emissions since technical breakthroughs have an 
impact on processes that affect environmental quality [19].  

A more thorough ecological indicator is required to evaluate 
environmental sustainability, even though researchers frequently utilize 
carbon dioxide (CO2) emissions and ecological footprint as parts of 
environmental degradation [20,21]. Even though CO2 emissions, which are 
used as a measure of environmental degradation, account for a sizable 
portion of global GHG emissions, they are viewed as insufficient for 
explaining environmental degradation because they exclude resource 
stocks like soil, forest, mineral, and oil stocks [22,23]. In light of this claim, 
researchers concentrated on analyzing the causes of environmental 
deterioration in terms of ecological footprint [24]. The ecological footprint 
proposed by [25] compares the regeneration rate of the biosphere with 
anthropogenic consumption, as well as shows the impact of human-based 
consumption on the environment.  

The load capacity factor which is a more wide-ranging measure that 
also addresses the supply side of environmental degradation, was 
developed by [26]. The load capacity factor provides information about the 
sustainability of a society’s natural system and way of life. By 
simultaneously analyzing biocapacity and ecological footprint, the load 
capacity factor offers a thorough assessment of environmental 
sustainability in this situation. The load capacity factor is calculated by 
dividing the ecosystem’s supply side (biocapacity) by its demand side [21]. 
When the load capacity factor is larger than 1, the available resources are 
sufficient to meet the demands for human resources, and when it is less 
than 1, the current environmental circumstances are not sustainable. 
Sustainability is called into doubt if the load capacity factor is equal to 1 
[24].  

Given this backdrop, it is reasonable to expect that present energy and 
related economic and environmental policies may not be compatible in 
many locations in the direction of reaching the aims of the Sustainable 
Development Goals. The foundation of sustainable development may be 
impacted by growing CO2 emissions and political uncertainties on the 
future of clean energy. Thus, to fulfill the objectives of the Sustainable 
Development Goals, realignment at the policy level might be required. The 
purpose of the work that has been provided now becomes evident. This 
research endeavors to formulate a policy framework centering on the 
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Sustainable Development Goals for a subset of instance nations, 
considering contemporary concerns such as policy uncertainties 
surrounding the generation of sustainable energy and rising CO2 
emissions. The study’s policy-level contribution is that this broad policy-
level strategy hasn’t been tried in the literature. 

The present paper also aims to scrutinize the effects of GDP, economic 
policy uncertainty, and energy intensity on load capacity factors in China 
and the US using the Fourier Autoregressive Distributed Lag (FARDL) 
approach based on the justifications provided above. In this perspective, 
the current paper contributes to the body of literature in the following 
ways. First, to the best of our knowledge, this is the initial investigation of 
how economic policy uncertainty affects the load capacity factor for 
selecting countries. Second, the demand and supply aspects of 
environmental degradation were considered by using the load capacity 
factor in the study. Thirdly, soft breaks in unit root and cointegration 
phases are considered by using Fourier approaches in the study and this 
ensures stronger results. Finally, a series of policy recommendations are 
presented by considering China and the US which are the two most 
polluting nations in the world. This can contribute to designing 
sustainable environmental policies for both developed and developing 
countries. 

The US and China almost produce 45% of the world’s total carbon 
emissions. As a matter of fact, in the ranking of the world’s highest CO2 
emissions, China ranks first with 10523.0 mt and 31.1%, while the US ranks 
second with 4701.1 mt and 13.9% [27]. In addition, these two countries are 
the first two countries in the world to have the most ecological footprint 
[28]. The ecological status of the US and China for the period 1985–2018 is 
shown in Figure 1. While the horizontal line refers to “year”, the vertical 
line refers to values related to ecological status. In the US, the load capacity 
factor has been below the sustainability limit since 1985 and the current 
environmental degradation is at an unsustainable level. On the other 
hand, the ecological deficit in the US has increased by 18% since 1985 
(Figure 1). In this regard, the supply of natural resources in the US is 
insufficient to support the current levels of production and consumption. 
Looking at the ecological situation of China, it is seen that the load capacity 
factor is below the sustainability limit of 1. China’s ecological deficit has 
increased by 650% since 1985 (Figure 1). As in the US, the natural resource 
supply in China is insufficient to sustain current production and 
consumption patterns. For these reasons, China and the US were included 
in the study.  
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(a) (b) 

  

Figure 1. Ecological Status of (a) China and (b) the USA. Note: BIO (Biological); EF (Ecological footprint), LCF 
(Load capacity factor), LIMIT (Sustainability limit). 

The rest of the study, which consists of four parts, is formed as follows: 
“Literature review”, “Research methodology”, “Empirical results and 
discussion” and finally “Conclusions and policy recommendations”. 

LITERATURE REVIEW 

There has been relatively limited research on the link between 
economic policy uncertainty and emissions, and the findings are 
inconsistent, according to this thorough review of the literature. Overall, 
the lack of studies and the inconsistent reporting of results make it 
impossible to determine if economic policy uncertainty raises or lowers 
CO2 emissions levels. As a result, it is crucial to investigate this matter in 
several nations to develop suitable policies. Furthermore, despite the 
paucity of research on clean energy and the preponderance of studies 
examining the impacts of renewable resources, it is critical to figure out 
the economic policy uncertainty, energy intensity, and economic growth 
influence CO2 emissions. Thus, studies examining how economic policy 
uncertainty affects pollution or environmental quality typically evaluate 
pollution or environmental quality using two different variables which 
are ecological footprint and CO2 emissions. This section examines research 
that looks at ecological footprint and CO2 individually in the context of how 
economic policy uncertainty affects the environment. 

Literature on the Effect of Economic Policy Uncertainty on Ecological 
Footprint 

In a couple of the research evaluating how economic policy uncertainty 
impacts ecological footprint, a positive link was found between economic 
policy uncertainty and ecological footprint, while a negative link was 
found in some studies [29–32]. For this reason, we can divide the studies 
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into two groups. First, economic policy uncertainty increases ecological 
footprint: Adedoyin et al. [33] investigated the effects of economic policy 
uncertainty on the ecological footprint of ten nations. As a result of the 
study, it was stated that by increasing energy consumption, economic 
policy uncertainty increases ecological footprint and causes 
environmental degradation. In the study, it was also emphasized that the 
EKC hypothesis is invalid in these nations. Oryani et al. [34] examined the 
effects of economic policy uncertainty on ecological footprint with an 
asymmetric analysis for South Korea, and it was found that economic 
policy uncertainty increases ecological footprint both in the short and long 
term. The study also stated that GDP growth raises ecological footprint in 
the short term but increases environmental quality with the usage of 
green energy in the long term. In another study, Hussain et al. [35] 
analyzed the impact of economic policy uncertainty on an ecological 
footprint for BRICS countries. Findings stated that economic policy 
uncertainty causes environmental degradation by increasing ecological 
footprint. Sinha et al. [36] also examined this policy uncertainty by 
analyzing the components of inequality in access to energy. 

Anser et al. [37] scrutinized the link between economic policy 
uncertainty and ecological footprint for five countries and found that both 
economic policy uncertainty and GDP growth increase ecological 
footprint. Likewise, bidirectional causality between GDP growth and 
ecological footprint has been demonstrated. Similarly, in the study of Xu 
et al. [38], an analysis was made for E7 nations, and it was stated that 
economic policy uncertainty increases ecological footprint. The study also 
emphasized that the EKC hypothesis is invalid in these nations. Another 
investigation into the link between economic policy uncertainty and the 
ecological footprint was conducted, by [39] and [40] found that both 
economic policy uncertainty and GDP growth increase the ecological 
footprint in China. Second, economic policy uncertainty decreases 
ecological footprint: Chu and Lu [41] discovered that economic policy 
uncertainty reduces environmental degradation in G7 nations. The 
research study also found that environmental deterioration is accelerated 
by high-energy intensity. Similarly, in the study of Zahra and Badeeb [42], 
it was found that economic policy uncertainty significantly reduced the 
ecological footprint in OECD countries. Finally, Esmaeili et al. [43] assessed 
the impact of economic policy uncertainty on an ecological footprint for 
19 energy-intensive countries and concluded that economic policy 
uncertainty boosts ecological footprint in the short term but depresses it 
in the long term. 

Literature on the Effect of Economic Policy Uncertainty on CO2 
Emissions 

Two categories of studies examine how economic policy uncertainty 
affects CO2. Firstly, economic policy uncertainty increases CO2: Ali et al. 
[44] assessed the effects of economic policy uncertainty on CO2 in BRICS 
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countries. The study’s findings displayed that economic policy uncertainty 
raises CO2 in both the short and long terms. The study also found that while 
GDP growth temporarily raises CO2 levels, this effect disappears long term, 
supporting the EKC theory for these nations. Ahmed et al. [45] tested the 
link between economic policy uncertainty and CO2 with an asymmetric 
analysis for the US. The study’s findings indicated that economic policy 
uncertainty and CO2 have an inverse connection, indicating that the EKC 
hypothesis holds valid in the US. Likewise, in another study for the US, [15] 
found that both economic policy uncertainty and GDP growth increase 
CO2. In another study conducted in the US, [46] stated that economic policy 
uncertainty causes environmental degradation by increasing pollution 
and increases the negative effect of EI on CO2. Iqbal et al. [47], in the study 
conducted for the US, UK, China, and India, found that economic policy 
uncertainty increases CO2 both in the short and long term. The study also 
noted that GDP growth also increases CO2. Xue et al. [48] studied the link 
between economic policy uncertainty and CO2 in France and found that 
economic policy uncertainty increased CO2. The study also noted that GDP 
growth increases CO2. In the study of [49], the link between economic 
policy uncertainty and CO2 in South Africa was examined and it was found 
that economic policy uncertainty increases CO2 both in the short and long 
term. The study also found that GDP growth raises environmental 
degradation in the short term but slows it down in the long term. This 
shows that the EKC hypothesis is valid for South Africa. In the study 
conducted by [50] for MENA nations, it was stated that economic policy 
uncertainty causes environmental degradation in all countries and the 
EKC hypothesis is acceptable in all countries. Zakari et al. [51], it was 
discovered that economic policy uncertainty grew CO2 in OECD nations, 
similarly [52], it was determined that economic policy uncertainty raises 
CO2 in East Asian nations as well. Secondly, economic policy uncertainty 
decreases CO2: Anser et al. [37] observed that economic policy uncertainty 
decreases CO2 in the short term but raises it in the long term in a study of 
the top ten carbon emitter countries. In a study for the UK, [53], similarly, 
it has been found that economic policy uncertainty decreases CO2 in the 
short term while growing it in the long term. In the study of [13], the 
opposite result was found for the US. According to the study, economic 
policy uncertainty causes a short-term increase in CO2 but a long-term 
decrease. Ashena and Shahpari [54] scrutinized the link between 
economic policy uncertainty and CO2 with an asymmetric model for Iran. 
Findings showed that increases in economic policy uncertainty decrease 
CO2, while decreases increase CO2. The study also stated that energy 
intensity increases CO2. Adedoyin et al. [55], in Sub-Saharan African 
countries, stated that economic policy uncertainty reduces CO2 by 
reducing energy consumption. Abban et al. [56] also claimed that 
appropriate policy measures should be advocated to ensure that African 
economies are on the path to sustainability because they demonstrated the 
role of renewable resources in CO2 emissions. In a study that differs 
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completely from the above studies, [57] found that economic policy 
uncertainty did not have any substantial impact on CO2 in both the short 
and long term in China. The study also noted that energy use and GDP 
growth increase CO2. Recent literature is given in Table A1 in the Appendix 
section. 

In the current literature, studies scrutinizing the impact of economic 
policy uncertainty on environmental pollution indicators heavily use CO2 
emissions and ecological footprint. In contrast, no study has been found 
testing the effect of economic policy uncertainty on load capacity factors. 
In addition, it is seen that unit root, cointegration, and causality tests based 
on Fourier functions are not used in the current literature. This research 
will contribute to the body of knowledge in this field of study. These two 
flaws will be attempted to be fixed in this study. These circumstances 
demonstrate how this study differs from other studies and contributes to 
the body of literature. 

RESEARCH METHODOLOGY 

Data 

Data from annual time series were used to examine the impact of GDP, 
energy intensity, and economic policy uncertainty on load capacity factors 
in the US and China for the years 1985–2018 based on the availability of 
data from both countries. The data used in the study are detailed in Table 
1. 

Table 1. Description of variables and data source. 

Variables Definition Sources 
Dependent Variables 
LCF Load capacity factors Biocapacity/ecological footprint (gha) [28] 
Independent Variables 
EI Energy intensity Primary energy consumption per 

GDP~kWh/$ 
[58] 

EPU Economic policy uncertainty Economic policy uncertainty index [59] 
GDP Economic growth Constant 2015 US$~per capita [60] 

Model 

This study’s model was created based on [46,55]. These studies 
employed ecological footprint and CO2 emission as dependent variables. 
Load capacity factors, however, were employed in the study as a 
dependent variable to assess environmental problems. To avoid the 
heteroscedasticity issue, all variables’ natural logarithms were used in the 
study. The model created is as follows:  

ln 𝐿𝐶𝐹௧ = 𝑣଴ + 𝑣ଵ ln 𝐺𝐷𝑃 + 𝑣ଶ ln 𝐸𝐼 + 𝑣ଷ ln 𝐸𝑃𝑈 + 𝑒௧  (1) 

In equation (1), ln is the natural logarithm, 𝑡  is the time, 𝑣଴  is the 
constant of the model, 𝑣ଵ, 𝑣ଶ, 𝑣ଷ are the long-term flexibility, and 𝑒௧ shows 
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the error term. The expected sign of 𝑣ଵ is negative if there is a scale effect 
and positive if there is a technical effect [61]. The expected sign 𝑣ଶ is 
positive. Because the increase in EI brings with it more non-RE use and 
increases the negative pressure on the environment. Finally, the expected 
sign 𝑣ଷ is negative if the consumption impact is valid and positive if the 
investment effect is valid. These expected signs are valid if the dependent 
variables are CO2 emissions and ecological footprint. If the dependent 
variable is the load capacity factors, coefficient interpretations should be 
made as the opposite of CO2 emissions and ecological footprint.  

Cointegration test 

In the cointegration analysis literature, several methods have been 
developed that consider structural breaks through dummy variables 
[62,63]. These methods have some shortcomings. The first of these is to 
predetermine the number of breaks. Secondly, only sudden breaks are 
considered, as the breaks are captured with the help of dummy variables 
[64]. Based on these shortcomings, [65] developed the FARDL bootstrap 
cointegration method. This method has several advantages. Firstly, 
Fourier functions are added to the cointegration equation, and more than 
one soft and abrupt break is considered. Second, the method allows 
variables to be I(0) or I(1), which makes testing more useful. Third, the 
method can produce effective and reliable estimation results even in small 
samples. Fourth, permanent structural changes are considered by using 
fractional frequencies in the method [64,65]. Equation (1) can be rewritten 
as follows according to the unrestricted error correction format based on 
the FARDL method: 

Δ ln 𝐿𝐶𝐹௧ = 𝑑(𝑡) + 𝜆ଶ ln 𝐿𝐶𝐹௧ିଵ + 𝜆ଷ ln 𝐺𝐷𝑃௧ିଵ + 𝜆ସ ln 𝐸𝐼௧ିଵ

+ 𝜆ହ ln 𝐸𝑃𝑈௧ିଵ + ෍  

௉భ

௜ୀଵ

𝛾௜
ᇱΔ ln 𝐿𝐶𝐹௧ି௜ + ෍  

௉మ

௜ୀ଴

𝛾௜
ᇱΔ ln 𝐺𝐷𝑃௧ି௜

+ ෍  

௉య

௜ୀ଴

𝛾௜
ᇱΔ ln 𝐸𝐼௧ି௜ + ෍  

௉ర

௜ୀ଴

𝛾௜
ᇱΔ ln 𝐸𝑃𝑈௧ି௜ + 𝑒௧ 

(2) 

Equation (2), Δ is the operator that shows the first difference of the 
variables. 𝑃ଵ, 𝑃ଶ , 𝑃ଷ  and 𝑃ସ show the optimal lag length and 𝑑(𝑡) shows the 
deterministic term and can be written as follows. 

𝑑(𝑡) = 𝛼ଵ + Dଵ sin ൬
2𝜋𝑘𝑡

𝑇
൰ + Dଶ cos ൬

2𝜋𝑘𝑡

𝑇
൰ (3) 

In equation (3), 𝜋= 3.1416, 𝑘 is the frequency value, 𝑡 is the trend term 
and 𝑇 shows the sample size. 𝑘 takes a value between the range of 0 and 5.  

The null hypothesis showing that there is no cointegration in this study 
was examined with the FA, t, and FB tests in equation (4) following [66,67]. 

𝐻଴஺: 𝜆ଶ = 𝜆ଷ = 𝜆ସ = 𝜆ହ = 0,
𝐻଴௧: 𝜆ଶ = 0,
𝐻଴஻: 𝜆ଷ = 𝜆ସ = 𝜆ହ = 0.

 (4) 
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The existence of cointegration is valid if the FA, t and FB tests are all 
significant at the relevant significance level. If any of these three statistics 
is statistically insignificant, it means that there is no cointegration. Critical 
values are obtained by bootstrap simulations. 

Causality test 

Toda and Yamamoto [68] developed a causality test based on the VAR 
model in their study. This test, a causality test, eliminates long-term 
information loss by being applied to the level values of the variables. The 
Toda-Yamamoto causality test is estimated using a VAR model with the 
optimal lag length (𝑝 + 𝑑௠௔௫). Here, 𝑝 displays the optimum lag length, and 
𝑑௠௔௫ indicates the highest order of variable integration. 

Any structural breaks are not considered by the Toda-Yamamoto test. 
According to [69], disregarding the structural break could result in skewed 
causality test outcomes. Considering this, [70] improved the Toda-
Yamamoto causality test by including Fourier functions, creating the 
Fourier Toda-Yamamoto causality test. Nazlioglu et al. [70] stated in their 
study that single-frequency Fourier Toda-Yamamoto produces stronger 
results than cumulative-frequency Fourier Toda-Yamamoto in the range 
of 50 to 100 observations. Since this study was conducted with 34 
observations, the single-frequency Fourier Toda-Yamamoto approach was 
used. A single frequency Fourier Toda-Yamamoto model with a VAR (𝑝 +

𝑑௠௔௫) lag can be expressed as: 

𝑦௧ = 𝛼଴ + 𝛿ଵsin ൬
2𝑛𝑘𝑡

𝑇
൰ + 𝛿ଶcos ൬

2𝑛𝑘𝑡

𝑇
൰

+ 𝛽ଵ𝑦௧ିଵ+. . . +𝛽(௣ାௗ೘ೌೣ)𝑦௧ି(௣ାௗ೘ೌೣ)ାఌ೟
 

(5) 

𝑦௧  is a vector that includes load capacity factors, GDP, energy intensity, and 
economic policy uncertainty variables. In the Fourier Toda-Yamamoto 
approach, the null hypothesis of no causality is tested against the 
alternative hypothesis (𝐻଴: 𝛽ଵ  =  … . =  𝛽௣  =  0). In this approach, 𝑝 and 𝑘 
values are determined with the help of information criteria such as AIC, 
and SIC. Bootstrap simulations are used to obtain critical values. 

EMPIRICAL RESULTS AND DISCUSSION 

The FARDL approach lets analysis of the existence of cointegration if 
the dependent variable is I(1) and the independent variable(s) is I(0) or 
I(1). Therefore, before performing the FARDL cointegration test, it is 
necessary to ascertain the integration levels of the dependent and 
independent variables. Augmented Dickey-Fuller (ADF) [71] and Fourier 
ADF [72] unit root tests were employed to decide the integration level of 
the variables. The ADF unit root test is combined with Fourier functions in 
the Fourier ADF unit root test, and potential structural fractures are 
considered. Table 2 below shows the outcomes of the ADF and Fourier ADF 
unit root tests. The importance of the Fourier terms must be examined 
before applying the Fourier ADF unit root test. The Fourier ADF unit root 
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test is used if these terms are significant; otherwise, the ADF unit root test 
is applied. The findings in Table 2 show that while the Fourier terms in the 
load capacity factors and GDP variables are significant for the US, energy 
intensity and economic policy uncertainty are not. Therefore, Fourier ADF 
for the first two variables and ADF unit root test results for the remaining 
two variables were considered. According to these results, while load 
capacity factors, energy intensity, and economic policy uncertainty are 
I(1), GDP is I(0). Looking at China’s results in Table 2, it is seen that the 
Fourier terms are significant in the load capacity factors and energy 
intensity variables, while the Fourier terms are not significant for the GDP 
and economic policy uncertainty variables. Therefore, Fourier ADF results 
for the first two variables and ADF results for the last two variables should 
be considered. According to the results, it is seen that load capacity factors, 
GDP, and economic policy uncertainty are I(1) and energy intensity is I(0).  

Table 2. Unit Root Tests. 

Panel A: US 

Variables Fourier ADF ADF 

Level Level First Diff. 

F test Test 
statistics 

Optimal 
frequency 

Optimal lag 
length 

Test 
statistics 

p-values Test 
statistics 

p-values 

𝑙𝑛𝐿𝐶𝐹 7.864** −3.292 3 1 −1.920 0.319 −5.163*** 0.000 

𝑙𝑛𝐺𝐷𝑃 6.648* −3.756** 6 2 - - - - 

𝑙𝑛𝐸𝐼 5.416 - - - 0.649 0.988 −4.662*** 0.000 

𝑙𝑛𝐸𝑃𝑈 5.416 - - - −2.384 0.153 −4.194*** 0.003 

Panel B: China 

Variables Fourier ADF ADF  

Level Level First Diff. 

F test Test 
Statistics 

Optimal 
frequency 

Optimal lag 
length 

Test 
statistics 

p-values Test 
statistics 

p-values 

𝑙𝑛𝐿𝐶𝐹 11.331*** 2.342 8 4 −0.188 0.930 −3.671*** 0.009 

𝑙𝑛𝐺𝐷𝑃 0.763 - - - −0.721 0.827 −3.870*** 0.006 

𝑙𝑛𝐸𝐼 7.867** -3.684** 1 2 - - - - 

𝑙𝑛𝐸𝑃𝑈 2.691 - - - −2.461 0.134 −5.141*** 0.000 

Note: ***, ** and * indicate 1%, 5% and 10% significance levels, correspondingly. 10%, 5%, and 1% critical values for the 
F test and Fourier ADF test were obtained from [72].  

None of the variables are I(2), as shown by the results of the two unit 
root tests. Thus, the FARDL method can be used to examine the 
link between the variables over both the long and short terms. The 
presence of cointegration was examined and shown in Table 3 before 



 
Journal of Sustainability Research 12 of 24 

J Sustain Res. 2025;7(1):e250002. https://doi.org/10.20900/jsr20250002  

interpreting the long and short-term coefficients between the variables in 
the FARDL approach. All test statistics for both countries are higher than 
the pertinent critical values in absolute value, as shown by the results in 
Table 3. The variables in this situation have a cointegration relationship. 

Table 3. FARDL Cointegration Results. 

Panel A: US 
Selected Model: FARDL (3, 3, 3, 1) Optimal Frequency: 1.40 AIC: −5.012 
Test Statistics Bootstrap 

0.90 0.95 0.99 
FA 15.547*** 5.705 7.150 10.404 
t −3.986* −3.655 −4.145 −5.516 
FB 9.574** 5.643 7.453 12.207 
Panel B: China 
Selected Model: FARDL (2, 0, 0, 1) Optimal Frequency: 4.30 AIC: −5.032 
Test Statistics Bootstrap   

0.90 0.95 0.99 
FA 3.565* 3.372 3.986 5.696 
t −3.212** −2.110 −2.476 −3.387 
FB 4.583** 3.566 4.566 7.527 

Note: ***, ** and * indicate 1%, 5% and 10% significance levels, correspondingly. Bootstrap critical values were obtained 
with 2000 simulations. 

After obtaining the cointegration relationship, the long and short-term 
coefficients were obtained and presented in Table 4 and Table 5, 
respectively. All factors, as shown by the empirical results in Panel A of 
Table 4, and as shown by the results in Panel B, except economic policy 
uncertainty, the other two variables, are statistically significant. Looking 
at the long-run coefficients, it is seen that a 1% increase in economic 
growth and decreases in load capacity factors by 1.095 and 0.394, 
correspondingly, in the USA and China. In other words, environmental 
quality is declining in both countries because of the increase in GDP. 
Despite recent investments in RE, non-RE sources are still dominant in 
production. Therefore, increases in GDP bring with it more production, 
and more production brings with it more non-RE consumption. As a 
natural consequence of this, environmental quality deteriorates with 
increasing economic growth. This result is consistent with [37,45,73–75]. A 
1% increase in energy intensity in both the long and short run increases 
load capacity factors in the US by 0.941 and 1.187, respectively. In China, 
energy intensity increases environmental degradation by reducing load 
capacity factors by 1.201 in the long run. As [17] stated, an increase in 
energy intensity will increase energy consumption and accordingly more 
pollutant emissions will be released into the atmosphere. Thus, 
environmental degradation will increase. This finding is consistent with 
the findings of [41,46,54,76].  
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Conversely, in the US, economic policy uncertainty only increases load 
capacity factors by 0.025 in the long term. In other words, the long-term 
effects of economic policy uncertainty are an improvement in the 
environmental quality of the US. Possible reasons for these findings can 
be listed as follows. The impact of economic policy uncertainty on the 
environment may be realized by the fact that the consumption effect is 
more dominant than the investment effect, that is, with the increase of 
economic policy uncertainty, energy consumption and the use of 
pollution-intensive products decreases. In connection with this situation, 
high economic policy uncertainty levels may reduce investments and 
aggregate demand, leading to a reduction in production and thus a 
reduction in energy consumption. When the literature is examined, there 
are studies showing similarities with the findings [13,41,42]. However, 
while economic policy uncertainty has no statistically significant effect on 
load capacity factors in the long term in China, it increases load capacity 
factors by 0.013 in the short run. That is, economic policy uncertainty only 
expands environmental quality in the short term. The short-term 
improvement of the environmental quality of economic policy uncertainty 
in China can be evaluated due to the consumption effect. However, the 
insignificance of the effect of economic policy uncertainty on the 
environment in the long term can be attributed to the stability of the 
economic policy uncertainty in China, as stated by [73].  

Table 4. Long run results. 

Panel A: US 
Variables Coefficients p-value 
𝑙𝑛𝐺𝐷𝑃 −1.095*** 0.000 
𝑙𝑛𝐸𝐼 −0.941*** 0.000 
𝑙𝑛𝐸𝑃𝑈 0.025** 0.019 
Panel B: China 
Variables Coefficients p-value 
𝑙𝑛𝐺𝐷𝑃 −0.394*** 0.000 
𝑙𝑛𝐸𝐼 −1.201*** 0.000 
𝑙𝑛𝐸𝑃𝑈 −0.002 0.952 

Note: ***, ** and * indicate 1%, 5% and 10% significance levels, correspondingly. 

The short-term error correction model and the short-term coefficients 
were then obtained after the long-run coefficients. The error correction 
term (ECT) in this situation is negative and statistically significant in both 
nations. This suggests that any imbalance that develops in the short term 
will go away over time. Additionally, the US’s long-term GDP elasticity is 
lower than its short-term elasticity. According to the [1] methodology, this 
result shows that the EKC hypothesis is valid in the US. To put it more 
clearly, the damage to the environment caused by economic growth in the 
US will begin to decrease after a certain point. In addition, this finding 
implies that as the income exceeds a certain threshold, the US has entered 
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the development phase and the damage to the environment has begun to 
decrease. Numerous sources in the literature support the conclusion that 
energy intensity has a favorable impact on CO2 emissions, which is 
supported by our data [76,77].  

Our findings are opposite to the findings of [33] and [38] but in the same 
line with the findings of [44,45,49].  

Table 5. Short run results. 

Panel A: US 

Variables Coefficients p-value 

𝐶 29.918*** 0.000 

𝐷(𝑙𝑛𝐿𝐶𝐹(−1)) 1.345*** 0.000 

𝐷(𝑙𝑛𝐿𝐶𝐹(−2)) 0.720** 0.002 

𝐷(𝑙𝑛𝐺𝐷𝑃) −0.754** 0.010 

𝐷(𝑙𝑛𝐺𝐷𝑃(−1)) 1.219*** 0.004 

𝐷(𝑙𝑛𝐺𝐷𝑃(−2)) 0.775*** 0.008 

𝐷(𝑙𝑛𝐸𝐼) −1.187*** 0.000 

𝐷(𝑙𝑛𝐸𝐼(−1)) 1.423*** 0.000 

𝐷(𝑙𝑛𝐸𝐼(−2)) 0.774*** 0.009 

𝐷(𝑙𝑛𝐸𝑃𝑈) 0.019 0.164 

𝐶𝐶 −0.048*** 0.000 

𝑆𝑆 0.071*** 0.000 

𝐸𝐶𝑇௧ିଵ −2.628*** 0.000 

Panel B: China 

Variables Coefficients p-value 

𝐶 1.207*** 0.000 

𝐷(𝑙𝑛𝐿𝐶𝐹(−1)) −0.230* 0.086 

𝐷(𝑙𝑛𝐸𝑃𝑈) 0.013* 0.079 

𝐶𝐶 0.002 0.602 

𝑆𝑆 −0.028*** 0.000 

𝐸𝐶𝑇௧ିଵ −0.393*** 0.000 

Note: ***, ** and * indicate 1%, 5% and 10% significance levels, correspondingly. 

After the interpretation of the long- and short-term coefficients, the 
causality analysis between the variables was examined. According to the 
results in Table 6, a unidirectional causality link was obtained from 
economic policy uncertainty to GDP, and from load capacity factors and 
GDP to energy intensity in the US. In China, on the other hand, a 
unidirectional causality link was found from GDP to load capacity factors 
and from energy intensity to GDP.  
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Table 6. Causality test results. 

Panel A: US optimal lag length 
(𝒑) 

optimal frequency 
(𝒌) 

W~asymp1 bootstrap p-value 

𝑙𝑛𝐺𝐷𝑃 → 𝑙𝑛𝐿𝐶𝐹 2 1 0.230 0.884 
𝑙𝑛𝐸𝐼 →  𝑙𝑛𝐿𝐶𝐹 2 1 1.654 0.456 
𝑙𝑛𝐸𝑃𝑈 →  𝑙𝑛𝐿𝐶𝐹 2 1 3.357 0.222 
𝑙𝑛𝐿𝐶𝐹 →  𝑙𝑛𝐺𝐷𝑃 2 1 4.915 0.120 
𝑙𝑛𝐸𝐼 →  𝑙𝑛𝐺𝐷𝑃 2 1 3.359 0.219 
𝑙𝑛𝐸𝑃𝑈 →  𝑙𝑛𝐺𝐷𝑃 2 1 13.771*** 0.008 
𝑙𝑛𝐿𝐶𝐹 → 𝑙𝑛𝐸𝐼 2 1 16.752*** 0.003 
𝑙𝑛𝐺𝐷𝑃 →  𝑙𝑛𝐸𝐼 2 1 31.623*** 0.000 
𝑙𝑛𝐸𝑃𝑈 →  𝑙𝑛𝐸𝐼 2 1 0.351 0.848 
𝑙𝑛𝐿𝐶𝐹 →  𝑙𝑛𝐸𝑃𝑈 2 1 2.231 0.354 
𝑙𝑛𝐺𝐷𝑃 →  𝑙𝑛𝐸𝑃𝑈 2 1 1.734 0.434 
𝑙𝑛𝐸𝐼 →  𝑙𝑛𝐸𝑃𝑈 2 1 2.196 0.355 
Panel B: China optimal lag length 

(𝒑) 
optimal frequency 
(𝒌) 

W~asymp1 bootstrap p-value 

𝑙𝑛𝐺𝐷𝑃 →  𝑙𝑛𝐿𝐶𝐹 2 2 5.694* 0.086 
𝑙𝑛𝐸𝐼 →  𝑙𝑛𝐿𝐶𝐹 2 2 3.490 0.208 
𝑙𝑛𝐸𝑃𝑈 →  𝑙𝑛𝐿𝐶𝐹 2 2 2.555 0.306 
𝑙𝑛𝐿𝐶𝐹 →  𝑙𝑛𝐺𝐷𝑃 2 2 0.270 0.877 
𝑙𝑛𝐸𝐼 →  𝑙𝑛𝐺𝐷𝑃 2 2 9.899** 0.021 
𝑙𝑛𝐸𝑃𝑈 →  𝑙𝑛𝐺𝐷𝑃 2 2 4.196 0.164 
𝑙𝑛𝐿𝐶𝐹 →  𝑙𝑛𝐸𝐼 2 2 3.665 0.190 
𝑙𝑛𝐺𝐷𝑃 →  𝑙𝑛𝐸𝐼 2 2 2.638 0.291 
𝑙𝑛𝐸𝑃𝑈 →  𝑙𝑛𝐸𝐼 2 2 0.545 0.771 
𝑙𝑛𝐿𝐶𝐹 →  𝑙𝑛𝐸𝑃𝑈 2 2 0.558 0.766 
𝑙𝑛𝐺𝐷𝑃 →  𝑙𝑛𝐸𝑃𝑈 2 2 0.090 0.954 
𝑙𝑛𝐸𝐼 →  𝑙𝑛𝐸𝑃𝑈 2 2 0.781 0.682 

Note: ***, ** and * indicate 1%, 5% and 10% significance levels, correspondingly. The bootstrap p-value was obtained 
using 10.000 simulations. 1 Wald test statistics in the Fourier Toda Yamamoto model. 

CONCLUSION AND POLICY RECOMMENDATIONS 

The main purpose of this study is to analyze the long and short-term 
effects of economic policy uncertainty in the USA and China on load 
capacity factors with the FARDL approach. According to their findings, the 
variables in the USA and China have a cointegration connection and 
reduce the environmental quality in the USA in both the long and short 
term by reducing energy intensity and load capacity factors. Looking at 
China, only GDP and energy intensity affect load capacity factors in the 
long run, whereas economic policy uncertainty does not affect load 
capacity factors. Short-term results show that only economic policy 
uncertainty has a positive impact on load capacity factors. 

Several policy recommendations are offered for both the US and China 
considering the study’s findings. As a result of the link between economic 
policy uncertainty and rising CO2 emissions in the USA and China, 
policymakers should reduce policy uncertainty as their first course of 
action. This action necessitates changing energy financing considering 
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environmental policies’ socioeconomic effects. For this reason, financial 
resources must be progressively shifted by policymakers to renewable 
energy alternatives. The case countries will be able to move closer to 
accomplishing the Sustainable Development Goal in such a situation. 
Furthermore, the validity of the EKC hypothesis in the US implies that 
environmental quality will begin to improve after a certain point with the 
increase in income. Therefore, the US government should not ignore 
environmental policies while supporting the increase in economic growth. 
For this, a circular economy approach should be adopted in the economy 
and the dependence on fossil resources in energy, which is the main input 
of the production procedure, should be reduced. Looking at the 
environmental quality-economic growth relationship in China, it is seen 
that economic growth deteriorates the environmental quality. For China, 
economic growth is very significant for the welfare of the growing 
population and the development of the country. Therefore, China should 
maintain its economic growth. However, if China continues to grow in this 
way while ignoring environmental quality, it will not be a surprise to face 
serious environmental problems. To prevent this situation, China, like the 
US, should immediately save its economy from fossil resource dependence 
and adopt a circular economy perspective in the economy. In addition, 
China’s current economic growth is an indicator of excessive and 
uncontrolled use of natural resources. This implies that China does not 
have a sustainable economic structure. To prevent this, the Chinese 
government should develop certain strategies to prevent wasteful use of 
natural resources. For example, tax exemptions can be applied to 
companies that use natural resources more efficiently, and subsidies can 
be provided. 

Economic policy uncertainty can positively affect environmental 
quality by decreasing investments and production. However, this situation 
is not sustainable. Economic policy uncertainty can positively impact 
environmental quality through its consumption effect. This is achieved 
through investment and the reduction of pollution-intensive products. 
However, while reducing the damage to the environment, and 
unemployment, some other economic problems may arise. In this context, 
uncertainty should be carried out in a way that does not affect economic 
activities or the environment. RE and environmentally friendly energy 
should be used in economic activities, policies should be transparent and 
closed to sudden changes, and at the same time, institutions that are in 
harmony with the environment and that will be less affected by 
uncertainties should be established. Again, encouraging domestic and 
foreign investors to use clean energy so that investments and production 
are not interrupted, and tax advantages and subsidies are provided and 
sustained will contribute to the elimination of possible disruptions that 
may arise from uncertainties. The fact that energy intensity has a 
detrimental influence on environmental quality in both China and the US 
indicates that both nations heavily rely on non-renewable sources of 
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energy for their energy needs. This situation necessitates the 
implementation of various measures for policymakers in both countries. 
To boost the proportion of RE sources in the energy supply, policymakers 
should create incentive programs. For example, some privileges such as 
ease of financing and tax exemptions should be provided to companies 
using energy obtained from RE sources in both countries. In addition, 
governments should increase the share of the R&D budget for renewable 
technologies in their current GDP. In addition, support packages should be 
introduced to subsidize the expenses of institutions and researchers 
developing environmentally friendly technologies.  

This concise policy framework now possesses the requisite degree of 
generalizability to enable its application to other countries. Numerous 
nations are searching for ways to meet the 2030 and 2050 Zero-Carbon 
emission targets. On the other hand, policy uncertainty about energy 
sources (fossil, nuclear, and renewable) may face nations at the legislative 
and public levels. Concerns about policy realignment in these nations can 
be addressed by using the policy framework that the study suggests as a 
benchmarking technique. The primary benefit of this framework is its 
adaptability, which allows it to be tailored to the unique characteristics of 
the intended nation. The study was able to add to the body of knowledge 
in energy economics because of its generalizability. 

This study was conducted under certain limitations. First, only the US 
and China are covered. Secondly, the study’s results were obtained for 
both countries separately by using time series techniques. Future research 
can be done using the load capacity factor, a broad environmental 
indicator, and panel data techniques for different country groups.  
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APPENDIX 

Table A1. Summary of the related studies. 

Reference Region/s & Time Period Dependent 
Variable 

Independent 
Variables 

Method/s 

[33] US, UK, France, Italy, Spain, 
Australia, Thailand, China (Hong 
Kong), Germany, Japan (1995–
2015) 

EF GDP, EU, EPU, 
ITA 

FMOLS, DOLS 

[34] South Korea (1990–2019) EF EC, EPU, ECI, 
GDP 

NARDL 

[35] BRICS countries (1992–2020) EF EPU, ES, GDP AMG, CS-ARDL 
[37] Brazil, Mexico, Russia, Columbia, 

China (1995–2015) 
EF GDP, EN, REN, 

EPU 
FMOLS, DOLS, 
AMG 

[38] E7 countries (1992–2020) EF EPU, GDP, 
REN 

FMOLS, DOLS, 
AMG 

[39] China (2000:1–2017:12) EF EPU, GPR, GDP TVP-VAR 
[41] G7 countries (1997–2015) EF, CO2 GDP, EI, REN, 

EPU, ECI 
FMOLS 

[42] UK, US, Germany, Canada, 
Australia (1997–2017) 

EF EPU, REN NARDL 

[43] 19 Energy Intensive Countries 
(1997–2018) 

EF EPU ARDL, CS-ARDL 

[44] BRICS countries (1997–2020) CO2 GDP, EPU, GE CS-ARDL 
[45] US (1985–2017) CO2 GDP, REN, 

EPU 
NARDL 
 

[46] US (1985–2017) CO2 EPU, GDP, EI D-ARDL 
[48] France (1987–2019) CO2 GDP, EPU, CEC A-ARDL 
[13] US (1985:1–2019:12) CO2 EPU, IPI, REN Boostrap-ARDL 
[49] South Africa (1960–2020) CO2, EF EPU, REN, EN, 

GDP, ECI 
D-ARDL 

[50] MENA countries (1970–2020) CO2 EPU, GDP, EC A-ARDL, A-
NARDL 

[15] US (1960–2016) CO2 GDP, EPU, EP ARDL 
[47] US UK, China, India (2000–2021) CO2 EPU, GDP, 

REN 
ARDL 

[51] OECD countries (1985–2017) CO2 EPU, EU, GDP PMG-ARDL 
[52] East Asia Countries (1997–2020) CO2 EPU, GDP, 

REN 
Pedroni, FMOLS 

[53] UK (1985–2017) CO2 EPU, EU, GDP ARDL 
[54] Iran (1971–2018) CO2 GDP, EPU, EI NARDL 

Note: EU: Energy Use, ITA: International Tourist Arrivals, EC: Energy Consumption, ECI: Economic Complexity Index, 
ES: Energy Structure, EN: Non-Renewable Energy, REN: Renewable Energy, EI: Energy Intensity, GE: Green Energy, CEC: 
Clean Energy Consumption, IPI: Industrial Production Index. 
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