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ABSTRACT

This study aims to examine the nexus between green growth and carbon neutrality targets in the context of the
USA while observing the role of ecological innovation, environmental taxes, and green energy. For this purpose,
data were collected from 1970 to 2015 for all the variables of interest. This research utilized the quantile
autoregressive distributed lag (QARDL) method due to its various benefits, such as depicting the causality pat-
terns based on different quantiles for different variables like green growth, ecological innovation, environmental
taxes, and renewable energy. The findings through the QARDL method showed that the error correction coef-
ficient was significant and negative with the expected negative sign for the different quantiles. The findings
showed a significant and negative impact of green growth, square of green growth, ecological innovation, and
environmental taxes in determining the carbon dioxide (CO2) emissions for the USA’s economy under the long-
run estimation. Meanwhile, the outcome for the short-term estimation confirmed that the past and lagged values
of CO, emission were significantly and negatively linked with the current and lagged values of CO, emission. On
the other hand, it was found that green growth and square of green growth, ecological innovation, environmental
taxes, and renewable energy played their vital role in reducing haze pollution like PM2.5. Besides, this research
also covers the limitations and policy implications.

1. Introduction

energy demand (Chien et al., 2021a; Umar et al., 2021a). The outcome
of such technological advancement is reflected in the form of lowering

With the increasing population globally, there is a growing demand
for electricity and energy from different sources. However, the con-
ventional methods to generate electricity are found to be not good in
terms of carbon neutrality practices (Ji et al., 2021; Umar et al., 2021b).
This is because an extensive amount of natural resources has been used
to produce electricity, and this has caused a direct harmful effect on the
natural environment in the form of changing climate (Su et al., 2021a;
2021b). To overcome this issue, advancements in sustainable and
ecological innovations have provided some meaningful contributions
while lowering the utilization of natural resources like coal and oil for

* Corresponding author.

climate change instead of increasing pollution because of the burning of
natural fuel products, leading to carbon dioxide (CO3) emissions.
Meanwhile, a higher level of CO5 emissions in the natural environment
puts an adverse impact on green growth and causing difficulties for
living things. It is believed that COy emission is at the top of the list
among all the pollutants released by the industries in the world (Su et al.,
2021; Umar et al., 2020b).

The green growth advancement has been observed in the USA’s
economy, where the development of solar panels started. Due to the high
growth of the economy, there are high chances of environmental issues
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in the USA. Thus, green growth is necessary for the USA to improve its
environmental condition. In addition, the environmental-related mea-
sures in the USA are also at high to improve the environmental situation
in the country, but the USA government should undertake more efforts
to handle the CO; emission in the country. Nevertheless, various other
economies have also contributed to lowering the natural environment’s
increasing pollution. However, significant disapproval of solar panel
technologies has been observed from the oil-producing countries
because it will reduce the dependency on non-renewable energy sources
(Hao et al., 2021; Wang et al, 2021a, 2021b). Despite the increasing
rates of disapproval, the development of solar power plants in numbers
is increasing dramatically. It provides the countries with the core abil-
ities to reduce CO5 emissions (Sharif et al., 2020; Shair et al., 2021a;
Wang et al., 2021c).

In addition, economic policies adopted by the government have
affected the utilization of non-renewable energy sources, and such act is
highly criticized by the current organizations which are working on the
improvement of environmental degradation (Chien et al., 2021b; Umar
et al., 2020a; Tao et al., 2021). Meanwhile, various organizations and
governments highly appreciate green growth because of its major
contribution towards environmental sustainability (Sharif et al., 2020;
Shair et al., 2021b). Additionally, another factor contributing to
lowering CO2 emissions is the environmental taxes imposed by different
governments on products related to energy and observed as highly
influential for increasing or decreasing COy emissions (Schmidt and
Huenteler, 2016). From the last decade, taxes imposed by the govern-
ment on solar power plants have been reduced with the core effort to
enhance environmental sustainability (He et al., 2021; Li et al., 2021a;
Nawaz et al., 2021a). Similarly, ecological innovation is also observed to
affect the traditional economic model used by different industries while
creating more environmental threats (Huang et al., 2020). In addition,
while exploring the nexus between economic growth, environmental
pollution, ecological innovation, and environmental taxes from the
context of the USA, the estimation for both short-run and long-run are
quite evident. In this regard, the quantile autoregressive distributed lag
or QARDL approach suggested by (Chou and Yeh, 2015) has been
applied in the present study. Additionally, it also helps to examine the
locational asymmetry association between the study variables and the
conditional distribution as expressed by (Suki et al., 2020; Triki-Lahiani
et al., 2018). Furthermore, another reason to apply QARDL is that it
helps to consider the co-integrating coefficients to change over the
innovation quantile originated from shocks as expressed by (Godil et al.,
2020; Shahbaz et al., 2018; Wang et al., 2021).

Environmental issues are becoming a global problem, and this has
captured the attention of recent studies. This importance motivates the
researchers to examine green growth, environmental-related tax, and
eco-innovation impacts on carbon neutrality. In addition, a study by
(Anh Tuetal., 2021) suggested that environmental issues, green finance,
and growth are emerging topics and need to be examined further.
Therefore, the present study will fill this gap and investigate the nexus
between green growth and CO2 emissions. Moreover, a study conducted
by (Chien et al., 2021a) recommended that renewable energy is the
foremost solution to CO, emission and needs to be explored. To answer
this gap, the present study investigates the green growth impact on COy
emissions. Thus, the current study examines the green growth,
environmental-related tax, and eco-innovation impact on carbon
neutrality. This study not only contributes to the knowledge of current
literature related to CO, emissions, environmental issues, and green
growth, but also contributes to the literature of environmental-related
tax and eco-innovation role on the environmental issues in the context
of USA.

This chapter provides the introduction of the topic and the research
gaps, contribution, and motivation of the study. The following section
offers a review of previous research related to the understudy variables.
The third section provides the detailed research methods used to
conduct the analysis. The fourth section deals with the analysis of the

results, while the final section deals with the conclusion and implica-
tions of the study.

2. Literature review

Due to the increasing world population, there is a considerable in-
crease in the electricity demand, and it has significantly increased the
importance of renewable energy sources. Solar power is considered the
most sustainable and unlimited energy source because it has a low cost
per kilowatt-hour and can be effectively used in the long term (Li et al,
2005, 2021a, 2021b, 2021c; Nguyen et al., 2021). In the USA, solar
power is considerably rising in demand because of the increasing po-
tential of renewable energy sources and significant government invest-
ment (Sun et al., 2020). Most solar power generation plants are based on
the utility-scale model, but it is expected to increase as the cost of pro-
duction will substantially reduce in the future (Hao et al., 2021). This
was evident from several studies that from the year 2015, the USA has
invested considerably in solar power, which has provided jobs to more
than 0.25 million people. This was possible because multiple companies
were focused on improving the supply chain to fulfill the increasing
demand for solar panels. It was estimated in a study that in 2019, the
total power generation capacity of the solar panels installed in the USA
was more than 71 GW (Li et al., 2019). The research and development in
solar panel technology started in the USA more than 30 years ago, and
the availability of resources in large amounts has made it possible to
achieve higher standards in solar power generation technology. Based
on the neoclassical model, the USA’s utility maximization approach was
used to increase the scale of production of solar panels (Brookes, 2019;
Malla and Brewin, 2020; Sadiq et al., 2020). This effectively reduces
ecological damage and improves environmental sustainability as the
country itself is going through climate change. It is predicted that by
2045 the Hawaiian Islands will be entirely dependent on renewable
energy sources such as solar panels funded by the USA government.
(Bibi et al., 2021; Chien et al., 2021c; Ehsanullah et al., 2021).

Most of the USA’s coastal areas are equipped with solar panel facil-
ities because these areas have more business opportunities and provide a
suitable location for the utility-scale solar facility. Environmental
degradation has expected to be significantly reduced by implementing a
utility-scale solar panel facility (Chien et al., 2021a; Hsu et al., 2021).
However, according to recent studies, the net power generation capacity
of solar panels installed in the USA is still around 1.65% of the total USA
electricity demand. This shows a massive gap between the supply and
demand of renewable energy through solar panels in the USA. In terms
of the neoclassical theory, it is expected that the government will not
interfere in the solar panel market as it hampers their independence and
does not fulfill market demand requirements. Conversely, in the USA,
the entire solar panel market is controlled according to state officials’
economic policies (Milonakis, 2012).

From an economic perspective, the balance between the supply and
demand of a product is critical. Conventionally, multiple theories pre-
dict the products’ price to precisely fulfill the customers’ demand and
provide sustainable profitability to businesses (Diesing and Diesing,
2019). The neoclassical theory is based on the economic model in which
the supply and demand are already known, and it is assumed that
humans have rational behavior. A business’s traditional role is to
maximize the profit while an individual looks to maximize the utility.
Modern economics highly criticize the theory because of the assump-
tions that are not sustainable from realistic scenarios whereby these
assumptions do not work (Colander and Su, 2018). The businesses’
supply chain models are not effectively maintained based on neo-
classical economics. The neoclassical theory’s free-market approach is
also not sustainable for most companies. It affects their preposition and
customer satisfaction because the demands cannot be fulfilled due to
humans’ rational decision-making (Li et al., 2021c). A specific theoret-
ical framework is established behind renewable energy sources, which
are considered the most crucial, effectively lowering CO3 emissions and
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environmental degradation. Concerning APM, the linear relationship
between assets and expected return from the market exists, which can
help predict the future returns of specific investments (Milonakis, 2012).

Environmental degradation is carried out by the variables which
contribute and significantly affect the natural processes. These are
known as the environment variables that are affected due to the inter-
vention of human-founded activities that disturb the biological pro-
cesses (Schmidt and Huenteler, 2016). This has caused deep concerns
among the environmentalists as the government’s increased funding has
significantly reduced environmental degradation (Lee et al., 2017b).
Multiple measures are being taken to effectively control environmental
degradation and to reverse it to its initial conditions. This provides an
important rationale for the studies that have been conducted to reduce
climate change. Renewable energy sources have the potential to suffi-
ciently reduce environmental degradation in the future as the public
slowly adopt these technologies, consequently increasing their demand
(De la Croix and Licandro, 2015). This is possible on practical grounds,
but due to government strategies being implemented in the industrial
sectors, this may not be possible in the protected time frames. This is
because the economic models adopted by governmental institutions
such as International Monetary Fund (IMF) have facilitated the public by
providing multiple facilities in the market (Pirgmaier, 2017). This cor-
responds to the fact which is described according to the neoclassical
theory. It is mostly criticized by the public and different organizations
that contribute effectively in the market to reduce environmental
degradation due to CO3 emissions (Colander and Su, 2018; Zhang et al.,
2021). It is reported in the study that there is a need for an economic
strategy that should not wholly comprehend the existence of the neo-
classical economic model.

However, in renewable energy sources, the free-market presence will
considerably increase the production and implementation of solar
technology, but at the same time, it will significantly put pressure on
environmental degradation (Mundaca and Markandya, 2016). This
corresponds to the factor that many resources need to be utilized to
manufacture solar panels. These resources will eventually deplete over
time. For example, in the USA, the raw materials are expected to cease in
a few decades, and there will be no choice but to import these materials
from other countries. China, for example, has leverage over other
countries in terms of resources, but everything has a limit, as reported in
previous studies (Al-mulali et al., 2013). Environmental degradation or
pollution can be reduced entirely if the government uses a balanced
approach to devise the energy sector’s economic policies. According to
APM, management practices are needed to effectively utilize the re-
sources available to make the renewable energy sector more sustainable
(Nawaz et al., 2021a, 2021b, 2021b).

As an independent variable, the efficiency of green growth depends
on the resources and technologies employed to limit the use of natural
resources expressly (Aziz et al., 2020). The prominent solution devised
for effective green growth is solar technology, which can provide more
leverage to the governments to solve energy-related issues and make the
environment better for everyone, from where the CO5 emissions are
continuously rising. Green growth is considered as one of the influential
mitigating factors or remedies. It is entirely wrong based on neoclassical
economics to think of human nature’s emotional responses. According
to Solar Technology, there is also a strong relationship between green
growth and the public’s buying decision. Due to the positive impact of
green growth, it is expected that the neoclassical theory to fully
comprehend the role of people in effectively increasing the sustain-
ability of solar technology in the future (Ahmed et al., 2019). Solar
technology will provide a more sustainable green growth to the
economies.

New products are being created daily, and most of them are not
environmentally friendly because of the business-based approach used
by the manufacturers. A study by bib_Lee et al 2017alee et al., 2017a,
2017b identified that with the recent changes in the climate and envi-
ronment, it is necessary to create new products that provide

environmental sustainability to reduce the factors which are damaging
the ecological processes (Lee et al., 2017a). An example of the latest
sustainable products and reduce the environmental factors contributing
to CO, emissions or environmental degradation are eco-products man-
ufactured based on eco-innovation (Baloch et al., 2021; Zhuang et al.,
2021). From a technological perspective, eco-innovation has significant
value in the current environment because of the increasing issues that
could threaten humanity’s sustainable development in the future
(Schmidt and Huenteler, 2016). It affects the rate of CO5 emissions and
environmental degradation by removing the factors that create signifi-
cant damage to the environmental and ecological processes.

From the neoclassical approach, businesses are rapidly
manufacturing the products, and governmental institutions make it easy
for them to sell more products (Diesing and Diesing, 2019). The
free-market analogy used in this theory is effective from the perspective
of increasing innovation in products, but at the same time, it must be
noted that every innovation happening right now is not environmentally
friendly. Studies have shown that there is a need to develop new prod-
ucts that are equally sustainable and provide more control toward the
environmental variables that contribute to the degradation (Pirgmaier,
2017). This can be effectively done, as evident in previous studies, by
employing strategic management controls. Previously, the lack of
management has significantly contributed to lowering the efficiency of
new products created to facilitate humanity. From a social perspective,
eco-innovation has significant value as it can produce sustainable out-
comes if both businesses and people work on implementing sustainable
technologies such as solar panels, as evident from recent studies (Aman
et al., 2015).

Governments are working to decrease the price of energy per unit
and to make it more sustainable for the public and the environment. The
environment-related tax was introduced to influence the demand and
supply of energy-related products (Sharif et al., 2020). As evident from
previous studies, it helps to significantly shape the relative energy prices
to maintain the environmental sustainability. Influencing consumer
behavior is accepted dramatically in the modern world because of the
public’s increasing demand and power shortages. Fuel is the best
example in which environmental taxes are imposed to influence con-
sumer behavior, and the price varies according to the interest of the
government and companies that are selling it. Based on the neoclassical
theory, this kind of economics is significantly associated with rational
human behavior (Aziz et al., 2020). Governments and companies in-
fluence the consumers by effectively altering the prices by imposing
multiple taxes, and at the same time, people also buy in a large amount.
However, this is from a sustainability perspective (Diesing and Diesing,
2019). From a future perspective, it is expected that consumers’ buying
behavior will significantly shift due to the government’s actions to
reduce environmental taxes on the environment’s most miniature sus-
tainable products and increase the effects that inflict damage to the
ground. According to the neoclassical model, this is again as it will
significantly allow the public’s conventional buying behavior to be
altered (Colander and Su, 2018). According to APM, the pricing model
can change considerably based on the consumers’ demand, but at the
same time, providing more to the consumer is also one of the primary
vital concepts considered from an environmental sustainability
perspective (APM, 2012).

There are different forms of energy, and from previous studies, it is
evident that each has its impact on CO, emissions and environmental
degradation. The world is moving toward a time when energy demand
will significantly increase, and the current methods to generate energy
are non-renewable and highly detrimental to the environment (Mohsin
et al., 2021). As stated earlier, evidence from previous studies’ concept
of renewable energies has significantly increased over the past two de-
cades because of the increased environmental concern at the govern-
mental and public levels (Al-mulali et al., 2013). Through extensive
research and development, multiple methods are available in the mar-
ket, which are renewable and easily accessible. Solar panels are the most
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effective renewable source present in the market and are sold to facili-
tate the public. But due to the politics and conflicts between large oil
companies, there are significant disapproval toward solar panel energy
because it has open a new way to generate electricity without using any
natural resources (Schmidt and Huenteler, 2016; Umar et al., 2021).
There is a large monopoly in renewable energy from the neoclassical
approach as every company and government is trying to use these
products to generate more funding or profits. The assumption that
human behavior will be rational does not effectively apply, but it is also
found to provide more opportunities to the companies to significantly
influence consumer behavior (Ahmed et al., 2019).

Economic decision-making is necessary because it dramatically af-
fects the future of any sustainable product, which is solar technology. As
recommended by recent studies, behavioral economics is needed to
effectively increase the adaptability to renewable energy sources among
the public and large scale (Colander and Su, 2018). Although there is a
reasonable discussion in the past and recent literature, theoretical and
empirical, the nexus between environmental pollution, economic
growth, ecological innovation, and environmental taxes with green
energy is not very well presented specifically in the USA. This would
justify the presence of a literature gap where most of the studies were
carried out without considering the dynamic linkage between the
above-stated variables. Additionally, the provided literature is also
missing some advance and reliable methodological contributions, like in
the case of QARDL, which helps to examine the trends in the study
variables over low, medium, and higher-level quantiles. Therefore, this
study covered this methodological gap while incorporating the QARDL
approach to examine the long and short-run trends in two of the
outcome variables, CO, emission and haze pollution (e.g., PM2.5),
specifically in the context of the USA.

3. Research methodology

In the present study, we have considered the nonlinear association
between carbon emission measured as CO, emission (kt), PM2.5 is
measured as the PM2.5 air pollution (percent of total), green growth is
measured as the green gas emission (percent change from 1970), envi-
ronmental taxes are measured as the taxes on the environment (percent
of total revenue), ecological innovation is measured as the expenditure
on ecological innovation (percent of total expenditures), and the
renewable energy consumption is measured as the percentage of energy
consumption for the economy of USA. These data have been extracted
from the World Bank Indicators (WDI). For this purpose, we have
applied the innovative approach, QARDL, while observing the dynamic
relationship between the study variables. There are various advantages
for the application of QARDL compared to the traditional methods. For
example, QARDL helps to consider both long- and short-run estimations
with the help of a range of quantiles and the conditional distribution of
explained variables (Mensi et al., 2019). Additionally, it also helps to
examine the locational asymmetry association between the study vari-
ables and the conditional distribution. To check for their robustness, the
dependability under each quantile is observed with the help of the Wald-
test for both short- and long-term symmetry. In its econometric term, the
traditional ARDL model can be expressed with the help of Equation (1).
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Where in the above equation, the term ¢, indicates the error term,
and p, ql, and g2 are the lag orders as selected through Schwarz in-
formation criteria (SIC). The titles like Y indicate the main dependent
variable and X1 to X4 reflect the study’s key explanatory variables. In
addition, authors like (Chou and Yeh, 2015) have provided an extended
form of Equation (1) above while describing the concept of QARDL with

the help of Equation (2).
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Where in Equation (2), the term g,(t) indicates the nth quantile of CO,
emission and PM2.5. Meanwhile, Equation (2) can be formulated into
the following condition as expressed in Equation (3).
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After determining the above Equation (3), the following Equation (4)
describes the modified form of QARDL based on the error correction
model.
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4. Results and discussion

Descriptive results are provided in Table 1, covering all the study
variables as measured through a natural log. The results through mean
scores reflected that CO4 emission has the highest mean score among all
the variables, followed by haze pollution (i.e., PM2.5). In addition, both
environmental pollution dynamics showed maximum scores compared
to other study variables. This means that both CO4 emission and PM2.5
have higher trends in the USA than other study variables. However, the
green growth and ecological innovation trends were lower than CO,
emission and haze pollution but higher than the environmental taxes
and renewable energy. In addition, the result showed that environ-
mental taxes have a mean score of 1.987 and a minimum value of 0.789.
This would justify the argument that although the trends of environ-
mental taxes in the USA are lower than the CO2 emission and haze
pollution, its maximum trend is still higher than the utilization of
renewable energy. This means that the government should pay more
attention to increasing environmental taxes and renewable energy
sources to achieve better environmental outcomes with the increasing
CO2 emission and haze pollution levels. Finally, the results of the J-B
test are also presented in Table 1 to justify whether the data for all the
study variables is normally distributed (null hypothesis) or not normally

Table 1

Results of descriptive statistics.
Variables Mean Min. Max. Std. Dev. J-B Stats
CE 9.012 8.210 10.010 0.001 16.012%**
PMy 5 7.032 6.230 8.101 0.101 34.023***
GG 5.206 4.602 6.105 1.015 20.20
EI 3.689 2.986 4.013 1.003 14.090*
ERT 1.987 0.789 2.011 0.010 22.010%**
REN 0.963 0.036 1.100 0.030 19.413***

Note: CE means CO, emissions, PM2.5 means particulate matters 2.5, GG stands
for green growth, EI means ecological innovation, ERT means environmental
taxes, REN means renewable energy. ***, **, and * reflects significance level at
1%, 5%, and 10%, accordingly.

Source: Authors’ estimation.
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distributed (alternative hypothesis). The significant values of the J-B test
for all the study variables showed that the data were not normally
distributed, giving enough evidence to implement methods like QARDL
in the present study.

Table 2 shows the results for the unit root test for all the study var-
iables. For a better understanding, the findings are reflected with the
help of ADF (level), ADF (A), ZA (Level), and ZA (A). One of the sig-
nificant benefits of applying the ZA test compared to ADF is that it ac-
counts for the structural breaks in the study data. The ZA and ADF test
results have confirmed that at I (1), all the study variables data were
stationary at 1% and 5% significance levels. This would justify the
argument that the study variables have their special order or integration,
known as I (1).

After analyzing the descriptive scores and unit root test outcomes,
Table 3 shows the outcomes for the QARDL for both the long- and short-
run equilibrium. The results in Table 3 confirmed that the estimated
speed of adjustment coefficient as reflected through p* was observed as
negative and significant for the lower-order and medium-order quan-
tiles. This would justify the argument that there is a presence of rever-
sion to long-run equilibrium among the study variables such as CO5
emission, PM2.5, green growth, ecological environment, environmental
taxes, and renewable energy for the economy of the USA. More specif-
ically, the speed of adjustment was the highest for the 0.40th quantile,
with a score of —0.284, at a 5% significance level. In addition, the results
showed that the impact of green growth on CO, emission from the
0.20th quantile to 0.95th was negatively significant at 5%. This would
justify that higher green growth in the economy of the USA tends to
create an adverse impact on CO2 emission, hence lowering the envi-
ronmental pollution under the long-run estimation. In recent times, Hao
et al. (2021) have provided their theoretical and empirical justification
for analyzing the relationship between green growth and CO; emissions
among G7 countries. The outcomes of theoretical and empirical findings
have justified the argument that both linear and nonlinear terms of
green growth in the targeted economies lower COy emissions. This
would explain the present study results where a negative and significant
association between green growth and CO2 emissions was found. In
addition, the findings in Table 3 specify that the square of GG also
confirmed its significant and negative relationship with CO emissions
but only for the lower-order and medium-order quantiles. This shows
that higher green growth is a good sign in lowering CO2 emissions in the
USA. Furthermore, ecological innovation’s significant and negative
impact on CO, emissions was observed for the medium and higher-order
quantiles. This means that the ecological innovation reasonably controls
the adverse impact of CO5 emissions in the USA during the study period.
In this regard (Hashmi and Alam, 2019), have contributed significantly
to the present literature while exploring the relationship between
ecological innovation and CO5 emission (Ding et al., 2021). have also
expressed their view that the role of ecological innovation in
consumption-based CO2 emissions is quite significant to consider,
among other variables. However, the role of environmental taxes in
lowering the CO; emissions for the USA’s economy was only observed
for the higher-order quantiles during the long-run estimation of this

study. From the perspective of Hao et al. (2021), they claimed that the
role of environmental taxes in improving the natural environment from
CO,, emissions is evident, specifically for the G7 economies. Lastly, the
long-run estimation in Table 3 has confirmed a significant and negative
role of renewable energy in lowering CO2 emissions in the USA. Various
studies have explored the dynamic role of renewable energy sources in
reducing CO, emissions. For instance (Yao et al., 2019), provided
empirical evidence that a 10% increase in the value of renewable energy
would lead to a 1.6%reduction in CO, emission (Liu et al., 2017).
indicated that the increasing trends in renewable energy and agriculture
decrease CO» emissions (Kahia et al., 2019). have also provided similar
evidence while claiming that a higher level of renewable energy con-
sumption can lower CO3 emissions in 12 MENA countries.

Table 3 also shows the short-run estimation results where it was
found that past and lagged values of CO, emissions were negatively and
significantly linked with the current and lagged values of CO; emissions.
However, this fact was only justified under lower-order and higher
quantiles. The highest negative effect was observed for the lower-order
quantiles and the lowest for higher-order quantiles. More specifically,
this relationship was observed as significant and negative for the lower-
order and higher-order quantiles (0.70th and 0.80th) for GG and CO,
emissions. Lastly, the past and lagged values of REN were found to be
significantly and negatively linked with the current and lagged values of
CO;, emissions but only for the lower-order and medium-order quantiles.

Like Table 3, the findings for both long and short estimations with
the help of QARDL, specifically for PM2.5, are provided in Table 4.
Initially, we examined the outcomes for the speed of adjustment coef-
ficient as reflected through p*, which showed negative and significant
results. However, the speed of adjustment coefficient was only signifi-
cant from the 0.05th quantile to 0.70th quantile. This means that there is
a reversion of long-run equilibrium among the green growth, square of
green growth, ecological innovation, environmental taxes, renewable
energy, and haze pollution like PM2.5. In addition, the findings also
justified the fact that green growth is putting good pressure on lowering
the haze pollution like PM2.5 in the natural environment of the USA.
However, the highest impact was observed for the 0.20th quantile, with
a score of —0.450, at a 1% significance level. Nevertheless, the square of
green growth was significant and a negative determinant of PM2.5 but
only for the lower-order quantiles (Nguyen et al, 2015, 2021). have
given their views, claiming that green growth in the form of urban forest
systems can capture and store dust from the natural environment.

In addition, our results confirmed that environmental taxes are a
good sign in reducing particulate pollution in the natural environment.
However, this fact was only observed for the higher-order quantiles, as
shown in Table 4. Morley (2012) claimed that environmental taxes were
significant in lowering air pollution. Lastly, the long-run estimation
findings showed that renewable energy is also a good indicator towards
reducing particulate haze pollution in the USA. This fact was observed in
Table 4, where the coefficients were observed as negative and significant
for most of the quantiles, except for the last two. This indicates that
promoting renewable sources can be a good sign in providing a better
natural environment with a low level of haze pollution like PM2.5. In

Table 2

Results of unit root test.
Variables ADF (Level) ADF (A) ZA (Level) Break Year ZA (A) Break Year
CE —0.287 -1.107 2015 Q1 —9.015%** 2004 Q1
PM, 5 -1.074 —0.541 2010 Q2 2009 Q2
GG —0.435 —0.398 2016 Q4 2011 Q1
EI —0.879 —11.357%*** -1.011 2008 Q1 —14.716%** 2013 Q1
ERT —0.984 —5.781%%* —1.417 2014 Q1 —7.158%*%* 2016 Q1
REN -1.147 —4.891%** -0.177 2017 Q1 —8.556%** 2010 Q4

Note: CE means CO, emissions, PM2.5 means particulate matters 2.5, GG stands for green growth, EI means ecological innovation, ERT means environmental taxes,

REN means renewable energy. The values in the table specify the statistical values of the ADF and ZA tests.

accordingly.
Source: Authors’ estimation.
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and * reflects significance level at 1%, 5%, and 10%,



Table 3

Results of quantile autoregressive distributed lag (QARDL) for CO, emission.

Quantiles a«(1) p«(1) Bea(t) Baca(t) Per(t) PerT(T) Pren(T) M1(7) wo(t) ho(7) 0o(1) £o(7) o(1)
(@)
0.05 0.020 —0.224%** —0.130 —0.170%** —0.100 —0.103 —0.243** —0.345%** —0.087* —0.007 —0.089*** —-0.013 —0.087
(0.101) (—4.924) (—0.810) (—3.007) (—0.009) (-0.001) (—3.003) (—4.054) (-1.789) (-0.107) (—5.987) (—0.030) (—6.789)
0.10 0.030 —0.223%** —0.120 —0.187%** —0.010 —0.101 —0.332%** —0.361%** —0.054* —0.010 —0.054%** —0.011 —0.098***
(0.013) (—5.238) (—-1.021) (—4.078) (—0.020) (—0.009) (—4.006) (—4.001) (—1.654) (—0.022) (—4.456) (—0.105) (—4.098)
0.20 0.040 —0.228%** —0.121** —0.173%** —0.013 —0.107 X —0.150 —0.080*** —0.090 —0.082%** —0.041 —0.046**
(0.014) (—4.827) (—2.010) (—4.037) (-0.130) (-0.017) (—3.809) (—0.005) (—5.088) (—0.009) (—3.852) (—0.031) (—2.010)
0.30 0.102 —0.232%* —0.402** —0.102%* —0.025 —0.062 —0.357** —0.130 —0.061%*** —0.058 —0.057** —0.029 —0.039%*
(0.201) (—2.108) (-1.752) (—2.002) (—0.205) (-0.012) (—2.075) (-0.070) (—4.110) (—0.003) (—2.035) (—0.308) (—2.030)
0.40 0.001 —0.284** —0.361** —0.110%* —0.225* —0.051 —0.367** —0.189 —0.053 —0.066 —0.098 —0.039 —0.011**
(0.010) (—2.074) (—2.061) (—2.040) (—1.825) (-0.079) (-1.967) (—1.029) (—0.001) (0.006) (—0.131) (—0.090) (—2.006)
0.50 0.103 —0.226** . * —-0.102 —0.116* —0.109 —0.383** —0.109 —0.040 —0.004 —0.011 —0.021 —0.012
(0.130) (—1.999) (—4.246) (—0.020) (-1.761) (-0.190) (—1.938) (—-1.007) (—0.041) (-0.014) (—0.001) (-0.010) (-1.071)
0.60 0.105 —0.212* —0.328%** —0.120 —0.200%* —0.014 —0.312* —0.134 —0.068 —0.013 —0.051 —0.024 —0.047
(0.050) (-1.712) (—5.028) (—1.002) (—2.007) (—0.404) (-1.721) (-0.432) (—1.068) (—0.008) (—0.015) (—0.140) (-0.013)
0.70 0.107 —0.225* —0.282%%* —0.104 —0.234** —0.110 —0.247* —0.102 —0.066** —0.057 —0.037 —0.052 —0.028
(0.070) (-1.752) (—6.028) (—1.004) (—2.934) (-1.211) (-1.874) (—0.040) (—2.066) (—0.053) (—1.003) (—0.005) (—0.018)
0.80 0.110 -0.110 —0.313%** —0.001 —0.156%** —0.124%* —0.218* —0.273* —0.077** —0.101 —0.018 —0.081 —0.010
(0.0123) (-1.011) (—5.030) (-1.101) (—4.056) (—2.041) (—1.800) (-1.736) (—2.044) (-0.102) (-1.017) (-1.018) (-1.010)
0.90 0.021 —0.103 —0.322%%* —0.123 —0.212%** —0.243** —0.190 —0.198* —0.061 —0.067 —0.061 —0.032 —0.003
(0.012) (—1.003) (—4.022) (—-1.321) (-3.912) (—2.103) (—1.007) (—1.098) (-0.011) (-0.017) (-0.014) (—1.002) (—1.301)
0.95 0.007 —-0.130 —0.233%** —0.060 —0.205%** —0.381*** —0.103 —0.177* —0.080 -0.077 —0.009 —0.087 —0.040
(0.017) (—0.300) (—-3.033) (-1.016) (—3.055) (—3.008) (—1.100) (-1.777) (—1.008) (—0.070) (—0.070) (-1.070) (—1.020)

30wy

Note: The table reports the quantile estimation results. Note: CE means CO, emissions, PM2.5 means particulate matters 2.5, GG stands for green growth, EI means ecological innovation, ERT means environmental taxes,

REN means renewable energy. ***, **, and * reflects significance level at 1%, 5%, and 10%, accordingly. Source: Authors’ estimations.

Table 4
Results of quantile autoregressive distributed lag (QARDL) for PM; s.

Quantiles (1) p=() Bec(® Beg2(T) Ber(t) Bert(T) Bren(T) () wo(T) ho(7) 0o(7) €o(T) 8o(7)

)]

0.05 0.212 —0.221%** —0.270 —0.167*** —0.110 —0.001 —0.479%** —0.547%** —0.389* —0.026 —0.079%** —0.010 —0.248%**
(0.010) (—6.012) (—0.050) (—5.076) (-0.011) (—0.100) (—6.789) (—3.147) (—1.683) (—0.001) (—3.009) (—0.300) (—4.346)

0.10 0.313 —0.261%** —0.231 —0.126%** —-0.116 —0.021 —0.410%** —0.499%** —0.410* —0.058 —0.066%** —0.021 —0.159%**
(0.010) (-5.010) (-0.021) (—5.062) (—0.160) (-0.010) (—5.008) (-3.109) (—1.654) (—0.008) (—3.046) (—0.002) (—5.591)

0.20 0.055 —0.294%** —0.450%* —0.175%** —0.130 —-0.107 —0.400%*** —0.305 —0.901%** —0.023 —0.072%** —0.033 —0.125**
(0.031) (—4.194) (—2.001) (—4.057) (-0.131) (-0.071) (—4.077) (—0.001) (—7.091) (—0.030) (—5.002) (—0.033) (—2.025)

0.30 0.011 —0.221%* —0.321** —0.122%* —0.257 —0.002 —0.420%** —0.361 —0.711%%* —0.021 —0.016** —0.077 —0.125%*
(0.100) (—2.010) (—2.002) (—2.002) (-0.102) (-0.101) (—2.040) (—0.016) (—5.007) (-0.012) (—2.101) (—0.200) (—2.005)

0.40 0.084 —0.245%* —0.202%* —0.155%* —0.255* —0.009 —0.450%* -0.219 —0.031 —0.041 —0.064 —0.050 —0.170%**
(0.004) (—2.054) (—2.020) (—2.015) (-1.701) (-0.010) (—2.950) (-1.011) (—0.035) (0.004) (-0.104) (—0.006) (—2.006)

0.50 0.075 —0.221%* —0.290%** —0.133 —0.244* —0.369 —0.390%** —0.262 —0.002 —0.030 —0.026 —0.019 —0.052
(0.050) (—2.041) (—4.069) (-0.103) (—1.655) (—0.301) (—2.940) (—0.026) (-0.102) (—0.001) (—0.031) (—0.091) (—0.005)

0.60 0.001 —0.212* —0.277%%* —0.120 —0.250%* -0.110 —0.407* —0.254 —0.159 —0.044 —0.075 —0.050 —0.088
(0.003) (-1.165) (-5.077) (-0.010) (—2.010) (-0.211) (—1.700) (—0.005) (-1.115) (—0.002) (—0.005) (-0.010) (-0.318)

0.70 0.002 —0.271* —0.252%%* —0.119 —0.260%** —0.107 —0.421* —-0.227 —0.654** —0.101 —0.020 —0.029 —0.047
(0.200) (—1.731) (—6.025) (-0.019) (—2.060) (—0.237) (—1.833) (—0.013) (—2.006) (—0.010) (—1.001) (—0.101) (—0.001)

0.80 0.009 —0.110 —0.253%%* —0.055 —0.257%** —0.300* —0.422* —0.390* —0.511** —0.031 —0.050 —0.070 —0.042
(0.001) (-0.019) (—5.075) (—0.205) (—5.007) (—1.803) (-1.722) (-1.901) (-2.011) (—0.021) (—1.250) (—-1.100) (—-1.001)

0.90 0.371 —-0.114 —0.251%** —0.010 —0.288%** —0.456** —0.201 —0.377* —0.473 —0.061 —0.087 —0.080 —0.026
(0.103) (—0.004) (—4.051) (—0.009) (—6.080) (—2.145) (—1.090) (-1.707) (—0.040) (—0.0306) (—0.007) (-1.106) (—1.006)

0.95 0.101 —0.150 —0.272%%* —0.018 —0.319%** —0.345%* —0.109 —0.431* —0.551 —0.028 —0.044 —0.010 —0.011
(0.011) (—0.015) (—3.002) (—0.108) (-7.999) (—2.035) (-1.010) (-1.731) (-1.101) (—0.008) (—0.004) (-1.109) (-1.211)

Note: The table reports the quantile estimation results. Note: CE means CO, emissions, PM2.5 means particulate matters 2.5, GG stands for green growth, EI means ecological innovation, ERT means environmental taxes,
REN means renewable energy. ***, **, and * reflects significance level at 1%, 5%, and 10%, accordingly.
Source: Authors’ estimations.
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addition, the findings for the short-term estimation specified that past
and lagged values of PM2.5 were significantly and negatively linked
with the current and lagged values of PM2.5. Additionally, the rela-
tionship between lagged and past values of green growth and EI were
also associated with the current and lagged values of PM2.5. However,
the impact of past and lagged values of REN on PM2.5 was negatively
significant but only for the lower-order and medium-order quantiles.

In addition, Table 5 shows the Wald test’s results for the constancy of
the parameters for both environmental pollution indicators; CO, emis-
sions and haze pollution in the form of PM2.5. The null hypothesis for
the Wald test in terms of parameter constancy of the adjustment speed is
rejected at a 1% significance level. Furthermore, the null hypothesis of
the linearity across different tails of the study quantiles for the variables
is also rejected. Thus, it can be inferred that there is a presence of dy-
namics among different study quantiles for the variables like green
growth, the square of green growth, ecological innovation, environ-
mental taxes, and renewable energy consumption in the USA. Similarly,
the Wald test findings also provide a significant output for the short-run
estimation. This would justify the argument that green growth, the
square of green growth, ecological innovation, environmental taxes, and
renewable energy have a nonlinear contemporaneous effect on CO2
emissions and haze pollution like PM2.5.

Lastly, Table 6 shows the p-values of the Granger-causality in the
quantile test outcomes. The results showed that there is bidirectional
causality between the study variables in the USA. The findings indicate a
two-way causality between COy emission and (1) green growth, (2)
ecological innovation, (3) environmental taxes, and (4) renewable en-
ergy. Additionally, the study findings justified the two-way causality
between PM2.5 and (1) green growth, (2) environmental taxes, (3)
ecological innovation, and (4) renewable energy as shown in Table 6.

5. Discussions, conclusion, and policy implications

This study found that green growth has a positive association with
the environmental condition of the country and is similar to the results
of (Chien et al., 2021b) and Chien, Kamran, et al. (2021), who also
exposed that green finance, such as renewable energy, has a positive
impact on the environmental conditions. In addition, the results also
exposed that the environmental-related tax significantly improves the
environmental condition of the country, and this matched with the
outcomes of (Othman et al.,, 2020), who also found that the
environmental-related measures have a positive impact on the envi-
ronmental condition of the country. Lastly, the results also unveiled that
eco-innovation was significantly related to the environmental condi-
tions, which is in line with the results of (Chien et al., 2021d), who also
discovered that innovation in technology could play a positive role on

Table 5
Results of the wald test for the constancy of parameters.

Variables Wald-statistics [CO, Emission] Wald-statistics [PMz 5]
P 9.315%** (0.000) 11.417*** (0.000)
Boc 34.11 (0.000)
Bec2 4.335*** (0.000)
BEr 3.978** (0.000) 27.400%** (0.000)
BrT (0.000) 0.215 (0.951)
Bren 13.177*** (0.000) 6.756*** (0.000)
$1 2.002** (0.021) 3.017*** (0.000)
®o 0.141 (0.999) 1.371 (0.197)

2o 2.547%* (0.012) 2.784*** (0.007)
0o 7.101%** (0.000) 0.841 (0.531)

£ 0.107 (0.999) 0.978 (0.451)

8o 3.204%** (0.000) 4.859*** (0.000)

Note: CE means CO, emissions, PM2.5 means particulate matters 2.5, GG stands
for green growth, EI means ecological innovation, ERT means environmental
taxes, REN means renewable energy. *, and * reflects significance level at
1%, 5%, and 10%, accordingly.

Source: Authors’ estimations.

Table 6

Granger causality in quantile test results.

AERT, | ACE; AREN; | APM2.5, | AGG, APM2.5, | AEI APM2.5, AERT; APM2.5, AREN, |
ACE, ACE, AGG, AEL

ACE,
1

AEIL |

AGG; | ACE; ACE; | AEI;

ACE,;

Quantiles

APM2.5,

ACE,

| AGGy

AERT, APM2.5, AREN,

APM2.5,

APM2.5,

AREN,

AERT,

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.010

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.05-0.95

0.

0.000

0.000

05
10

0.000

0.000

0.001

0.

0.000

0.000

0.101
0.002

0.20
0.30
0.40
0.50

0.

0.000

0.000

0.000

0.000

0.020

0.000

0.000

0.003

0.000

0.000

0.030

60
70
80

0.000

0.000

0.013

0.

0.000

0.000

0.004
0.004
0.000

0.

0.000

0.000

0.90
0.

0.000

0.000

95

Source: Authors’ estimation.
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the environmental conditions.

The study outcomes indicated that error correction parameters for
the study quantile were significant and negative, confirming the sig-
nificant revision to the long-term connection among the explanatory and
outcome variables. Thus, it is concluded that the USA has successfully
maintained their green growth and has successful measures for envi-
ronmental issues, which are the reason for the negative association
among the predictors and CO, emission. Additionally, the QARDL model
for CO4 emission under the long-run estimation confirmed that green
growth, the square of green growth, environmental taxes, and renew-
able energy were observed as significant and negative determinants in
lowering such emissions in the USA’s natural environment. For the
short-run estimation, we observed that the past and lagged values of CO5
emissions, green growth, ecological innovation, and renewable energy
were negatively and significantly linked with the current and lagged
values of CO, emissions in the USA. In addition, the impact from green
growth, square of green growth, and renewable energy was also found to
be negatively significant under the long-run estimation through the
QARDL model for PM2.5 for most of the study quantiles. Meanwhile, the
short-run estimation showed that the past and lagged values of PM2.5,
green growth, ecological innovation, and renewable energy were
negatively and significantly linked with the current and lagged values of
PM2.5 in different quantiles.

Based on the study findings, various policy implications can be
observed specifically in the future sustainable environment, specifically
in the USA. As the environmental quality is low in terms of higher CO,
emission and PM2.5 pollution, it is highly suggested that more emphasis
is placed on promoting green growth, environmental taxes, ecological
and environmentally friendly innovation, and renewable energy sour-
ces. This study also recommends that policymakers develop policies
related to environmental improvement and effectively implement these
policies in the country and force the relevant authorities to take neces-
sary measures. This study also facilitates the regulators with formulating
regulations and implementation of these regulations in the country. The
study helped change the policymakers’ focus towards environmental
issues and green growth involvement that improve the country’s envi-
ronmental condition. Consequently, this would show positive and sus-
tainable outcomes both in the current and future time. Additionally, a
higher level of penetration from renewable energy sources in the
economy of the USA can provide better results compared to some non-
renewable energy sources. For this reason, one straightforward solu-
tion can be the replacement of fossil fuel-based energy with renewable
energy sources.
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