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ABSTRACT
Globally, carbon dioxide (CO2) emission is a significant element of
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environmental pollution because of corrupt economic activities
that requires regulators’ focus and researchers’ emphasis. Hence,
the current research evaluates economic growth on CO2 emis-
sions in Chinese economy. The article has taken six factors of eco-
nomic growth on board along with sustainable innovation to
predict CO2 emissions. Secondary data, in this regard, has been
used which has been borrowed from World Bank from 1986 to
2020. Augmented Dickey-Fuller test is employed to scrutnize unit
root, while QARDL model has been run to identify the association
between the constructs. Findings revealed that factors such as
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ment ratio, inflation and exports signifies CO2 emissions, hence
are corrupt the environment. While sustainability oriented innov-
ation reduces the emissions. This study monitors the policymakers
while formulating regulators related to reducing the level of CO2
emission using economic growth factors and sustainability-ori-
ented eco-innovation.

1. Introduction

China is marked as one of the polluted economies due to high carbon emissions. It is
said that the emissions from China are equal to the sum of emissions from developed
economies. 2019 was the year when carbon emissions from China were accounted to
cover one-quarter of the total carbon emissions all over the globe (Khan et al., 2021;
Van Hoa et al., 2022). Besides, China also used to depend heavily on non-renewable
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resources such as fossil fuel in order to fulfil the local energy demand. However, the
monotonic dependency on unclean resources pushed the country in the ranking of
those countries who emit high emission figures especially in last decade. It is quite
concerning situation for country like China because its coal consumption is equal to
the half volume coal that is being consumed by globe economies. This truly indicates
that how much country has a reliance on coal to grow its economy. This persistent
rise in coal consumption and energy demand makes the nation in one of those coun-
tries which degrades the environmental quality at greater level (Khattak et al., 2021;
Shibli et al., 2021).

The principal causes of pollution emissions such as CO2 emissions from the econ-
omy are the steady increase in the population and the spectacular expansion of the
economy’s scope. The expanding population contributes to the amount of CO2 in the
air due to respiration and changing household and economic behaviors (Godil et al.,
2021; Lan et al., 2022; Lin et al., 2022). China is the highest emitter of CO2 in the
atmosphere when it is compared to other economies in terms of greenhouse gas
emissions. As a result, many governments, scholars, and regulators consider China to
be the most responsible country for change in the climate. However, the situation is
more complicated than it appears on the surface. It is necessary to take a close look
at the scenario. Observation reveals that this is the world’s largest country with the
ability to destroy the globe. The assessment of China’s pollution problem makes it
clear that the country’s environmental situation is the worst it has ever been. China
ranks top among international economies in terms of the increase in overall green-
house gas emissions, according to an analysis (Hartani et al., 2021; Ojogiwa, 2021).

However, based on its emissions of 7.10 tons of CO2, the country is ranked 48th
in the world in terms of per capita emissions. As per these figures, the country is still
lagging behind. In comparison to the United States, China emits 12 times the amount
of CO2 in tons. As a result, China is ranked 14th among the countries with signifi-
cant CO2 emissions (Zhao et al., 2021; Zhao et al.,, 2022). According to environmen-
tal statistics, China emits 10.21 billion metric tons of CO2, while the United States
emits 5.30 billion metric tons, accounting for roughly half of the Chinese economy’s
CO2 emissions. However, according to the same statistics, the country’s total CO2
emissions account for 28% of global CO2 emissions. These figures show that the
country is the world’s top emitter of greenhouse gases (Liu et al., 2022a, 2022b).
Because of the constant increase of CO2 emissions and its impacts on the environ-
mental quality and economic development, it is need of the hour to focus on this
issue and remove it. Thus, the CO2 emission has followed the increasing trend in
China. Figure 1 shows the situation CO2 emission in China.

At present, China is putting efforts to curb the harmful emissions and for that the
country is planning to adopt a path which leads them towards low-carbon economy,
hence, setting the goal to be in carbon neutral economy by 2060. Despite the coun-
try’s domestic commitment to phase out the emissions, China also endorsed the Paris
Agreement and created pitch to opt for carbon-enemy policies in order to attain
desired targets that are especially made to tackle climate related challenges
(Moslehpour et al., 2022a, 2022b, 2022c). However, in recent COP26 conferences,
China made alterations in its prior commitment by highlighting the matter to phase
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em issions in MCO2

Figure 1. CO2 Emission in China (world development indictor).
Source: WDI.

down the consumption of coal, thus, vindicating its stance of peaking its carbon
emissions patterns by 2030 before slowly and gradually degrading the emissions level
leading to the 2060 goal. In either way, the country is determined to experience the
transition and turn into zero carbon economy via diversified energy portfolio where
the target is to increase renewable shares, hence, make less reliance on non-renew-
ables (Kurniawan et al., 2022; Thitinan & Chankoson Khunanan, 2022).

In order to achieve zero carbon state, countries all over the globe are endeavouring
to find those factors that helps them in the carbon detachment process without com-
promising economic growth. In this lieu, China has been planning to seek decoupling
strategies that are especially effective for country in the accomplishment of 2060 goal
(Sadiq et al., 2022a, 2022b). China, thereby, is showing commitment to attain the
associated targets by espousing eco based innovative practices that helps in building
modern energy system. This modernization process enhances energy efficiency and
restrict the economy taking further benefit from fossil fuel in electricity generation.
Sustainability-oriented ecological innovation not just in energy sector but within
whole economic process signifies the importance of technological advancement,
hence, making it contemporary yet effective strategy for zero-carbon transitioning
(Appiah, 2018; Bhat, 2018; Sun et al., 2021).

In the light of the heated arguments build on facts and fugures, the study attempts
to evalaute economic growth determinants such as “GDP, NNI, human capital,
employment ratio, inflation” along with sustainability-oriented innovation, and
exports on carbon emissions levels in China’s economy. China is the world’s fastest-
growing country in terms of population and area. It has an upper-middle-income
developing economy that is newly industrialized (Ali et al., 2022; Muhammad, 2019;
Sadiq et al., 2022¢, 2022d). The nominal gross domestic product (GDP) of the
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country for 2021 is $16.6420 trillion, with an annual growth rate of 8.5 per cent. The
country’s nominal GDP puts it in second place in the list of global economies,
but the GDP (PPP) puts it in the first place (Ainou et al., 2022; Sriyakul et al., 2022).
The country’s economy consists of three major sectors like industry with 40.6%,
agriculture with 7.9%, and service with 51.6% share to the country’s GDP.
Agriculture-related businesses have the least negative influence on the environment
and contribute significantly to improving environmental quality. The two main eco-
nomic sectors, on the other hand, degrade the environment because of their greater
reliance on energy, other resources, infrastructure, machinery, and a variety of other
business strategies that can result in pollution emissions. According to figures from
2021, the country’s overall population is 1,443,995,000 (Abdul Hamid et al., 2020; B.
Wang & Wang, 2018).

This study, hence, makes a great contribution to the existing body of knowledge.
First, in previous studies, simply greenhouse gases are taken as the environmental
pollutants and the impacts of economic growth on greenhouse gas emissions. As per
author’s knowledge, no significant studies have been conducted for the analysis of the
impacts of economic growth on CO2 emissions. The present study examines the
impacts of economic growth on CO2 emissions, considering its potential to destroy
the environment. Second, in prior studies, the economic growth impacts on CO2
emissions has not been examined in such detail as to describe with different perspec-
tives. The current study examines the economic growth from the perspectives of
“GDP, NNI, human capital, employment ratio, inflation, and exports” as well as eco-
innovation for determining the level of CO2 emissions. Third, China is the country
that is considered the greatest emitter of CO2 emissions is the perfect country to ana-
lyze the impacts of economic growth and sustainable innovation on the level of CO2
emissions. Unfortunately, only a few studies have chosen this context for analysis of
economic growth and CO2 emissions. So, the present discusses this subject for China
is a great addition to the literature.

The study is divided into several portions. In the next portion, the past literature
is synthesized to provide the base line for outlined constructs. Soon after this, the
process of data collection and the tests applied for checking the relationship between
these factors and carbon emissions. Then, results explaining the relationships in
nature are given. These results are matched with preceding studies, and the study
ends with implications, conclusions, and limitations.

2. Literature review

Environmental quality is essential for the sustainable development of a country as it
ensures social wellbeing, individuals’ personal prosperity, and economic or financial
progress of the country. CO2 emission is the recognized most hazardous polluting
factor that degrades the environmental conditions. The natural sources maintain the
balance of CO2 emissions and do not allow them to have any negative impact on the
environment. But, human sources increase the CO2 emissions, disturbs its balance in
the air, and allows it to destroy the environment. The increase in economic growth
creates the human sources of CO2 emissions (Jermsittiparsert, 2021; Tan et al., 2021).
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The urbanization, globalization, financial growth manufacturing activities, technolo-
gies use, and energy resources that are the outcomes of EG factors that affect the level
of CO2 emissions. But if the economic growth is led by eco-innovation, it does not
have much adverse impact on the environment, in this situation, CO2 emissions are
minimal. The relation of GDP, NNI, human capital, employment ratio, inflation,
exports, and eco-innovation with the level of CO2 emissions has a dominant place in
literature (Bai et al., 2022; Chien, 2022a; Chien et al., 2022b;).

2.1. GDP and CO2 emission

In empirical research Chien et al. (2022c) and Wirsbinna and Grega (2021) identifies
the relationship among renewable energy production, coal consumption, GDP, and
CO2 emissions. This study analyzed the impacts of renewable energy production, coal
consumption, and GDP on CO2 emissions in China, the USA, and India, which are
considered the largest energy consumers and biggest sources of CO2 emissions. The
study applied Machine Learning and Direction from Dependency (D2C) algorithm to
select the variables and predict the nature of the relationship. The study findings
showed that the increased use of nonrenewable energy to keep pace with increasing
GDP enhances the CO2 emissions; so, in some countries, the GDP has a positive
relation to CO2 emission because of the increasing use of unclean energy. But, the
relationship becomes negative if there is a tendency, in high GDP achieving countries,
to produce and consume renewable and clean energy. Ameyaw and Yao (2018) and
Chien (2022d), examine the relationship between GDP and CO2 emissions in 5 West
African countries over the period from 2007 to 2014 with the help of a panel data
model. The results of the study revealed that GDP has a significant positive impact
on CO2 emissions as when the use of resources increases in production at a larger
scale, CO2 emission is high. The Study of Chien et al. (2021) and Gong et al. (2019)
analyzing the datasets from the last four Five-Year Plans over the period 1995-2015
posits that GDP has a positive link to CO2 emissions. The study implies that with
GDP increase, technological advancements, technologies usage and energy usage also
increases, which causes a threatening effect on environmental quality.

2.2. National income and CO2 emission

A study was conducted by Barra and Zotti (2018) to investigate the impacts of
national income environmental pollution. The national income and environmental
were measured by GDP and CO2 emissions, respectively. The authors used a hetero-
geneous sample based on 120 countries for the time of 2000-2009. Study documented
based on the evidences that when the country is making high national income, the
production of goods and services within the country increases. When the technologies
which need high potential energy are used for getting fast and innovative products or
services which could meet the customers’ requirements, environmental pollution is
high because of the large CO2 emissions. Through a global empirical analysis, Zhang
et al. (2019) analyzed the impacts of NNI through EKC on CO2 emissions in the
construction and manufacturing industries. The study sample is based on the 121
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world economies for the time from 1960 to 2014. Based on the evidences, study
claims that when there is high NNI, the constrictive and developmental activities are
at their peak in the country. The constructing and manufacturing technologies are
found to increase the level of CO2 emissions into the air. Dong et al. (2020), pro-
claim that high NNI achievement improves an individual’s capacity to make assigned
tasks easier by using electric appliances, machinery, and vehicles that are powered by
both renewable and nonrenewable energy sources. As a result, when the NNI is high,
CO2 emissions into the air increase, polluting the atmosphere and making it difficult
for living beings to breathe (Haroon et al., 2021; Kamarudin et al., 2021).

2.3. Human capital and CO2 emission

In a literary article, Mahmood et al. (2019) examined the relationships among eco-
nomic growth, energy consumption, human capital, and CO2 emission. The authors
applied the least square and ridge regression methods for the analysis of data from
Pakistani for 1980-2014. The results reveal that human capital has a positive relation
to CO2 emissions and environmental degradation. For creating more efficient human
capital within the country, innovation in education, medical, social construction, and
training is required. For this purpose, innovative technologies peculiar to the men-
tioned fields are applied, and this becomes the cause of increasing CO2 emissions.
But, the study conducted by Bano et al. (2018) denotes human capital as both the
contributor to CO2 emission and the solution to remove these environmental issues.
The study was based on the information regarding human capital, carbon emissions,
and their relationship from Pakistan for 1971-2014. The ARDL model and the VEC
model were applied for analyzing the co-integration and causalities between the con-
cerned factors. The preparation of human capital and the resultant increased produc-
tion level enhances CO2 emissions. But the improvement of human resource
efficiency reduces the CO2 emissions. Yao et al. (2020), analyzes the human capital
influences on CO2 emissions in the long run with a dataset from 20 OECD countries
for 1870-2014. Human capital is a source of labor or workers for various economic
sectors, and energy consumption, in whatever form, emits damaging gases such as
CO2 and degrades the environment.

2.4. Employment rate and CO2 emission

Balsalobre-Lorente et al. (2018), examines the economic growth influences on the
CO2 emissions and environmental quality. EG was measured through employment
ratio and its impacts on CO2 emission. When the country’s population both at the
rural and urban areas have access to employment, in both areas, the economic activ-
ities like practices of manufacturing, construction, transportation, and services enter-
prises increase. With the increase in economic activities, the use of fossil fuels or
petrol for energy purposes rises. Fossil fuel or petrol combustion releases CO2 emis-
sions and causes environmental deterioration. A study Dauda et al. (2019) examines
the influences of employment ratio on environmental quality. The study reveals that
when equal employment opportunities are given to people in the different areas of
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the country, the purchasing power of the people increases, and they can afford per-
sonal vehicles. Consequently, the increase in the number of personal vehicles within
the country increases CO2 emissions. Muhammad and Khan (2019), examines how
the employment ratio in a country affects the environmental quality. This research
revealed that in countries with a high employment rate, productivity across all sectors
is high. A great number of machines with various sizes, fuel requirements, and prod-
uctivity potential are utilized to produce a wide range of goods and services. These
devices produce a lot of CO2, depending on their size and the quantity of energy
they utilize. As a result, the increasing employment ratio boosts CO2 emissions.
Similarly, the study of Odugbesan and Rjoub (2020), states that high employment
ratio in a country means that there are more number of labor force hired in the
economy to perform greater number of economic activities than earlier, and the
increased economic activities causes larger CO2 emissions.

2.5, Inflation and CO2 emission

The study by Musarat et al. (2021) examines the influence of the inflation rate on
CO2 emissions within a country with respect to the construction industry. The data
which could be helpful in the required research was acquired from the Government
Department of Malaysia. The correlation coefficient was performed through SPSS for
the analysis of the influences of inflation on CO2 emissions. According to the claims,
when there is inflation in the country, constructive work, especially on the part of the
government, is going on at a peak, and the need for construction-related tools enhan-
ces productivity in the manufacturing sector and also develop creativity in the service
sector. As a result of the technologies and energy use, the CO2 emissions rise and
degrades the environmental conditions. Ullah et al. (2020), the experts in environ-
mental literature, examine the GDP growth volatility and inflation instability impacts
on environmental quality. The data relating to variables and their relations were
acquired from the Pakistani economy for the time spanning from 1975 to 2018,
employing ARDL methodological approach. This approach conveys that there are dif-
ferent effects of positive and negative shocks of inflation on environmental quality.
When there are negative shocks, inflation instability positively contributes to CO2
and N20O. Whereas, when there are positive shocks, inflation instability negatively
contributes to CO2 and N2O. Shahbaz et al. (2021), proclaims that the developmental
investment increase in inflation boosts the productivity of several industries. Thus, it
increases emissions levels.

2.6. Exports and CO2 emission

The paper conducted by Haug and Ucal (2019) investigated the effects of FDI and
foreign trade (imports & exports) on CO2 emissions. Information regarding FDI,
imports, and exports and their influence on CO2 emissions were acquired from
Turkey with the help of linear and nonlinear ARDL models. The study indicates that
the imports and exports themselves do not have much influence on the CO2 intensity
and environmental quality. But, it is the financial development, increase in
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industrialization, and urbanization as a result of imports or exports positively affect
the CO2 emissions and degrades the environmental conditions. The research by
Hasanov et al. (2018) examines the relationship between international trade and CO2
emissions. The study examines both the territory and consumption-based CO2 emis-
sions and throws light on the influence of both imports and exports. The evidence
for the true relations was collected through a panel of nine oil-exporting developing
countries. The results were extracted with co-integration and error correction model-
ling. These results show that exports have a positive relation to CO2 emission as the
exports increase the economic activities within the country and raise the foreign
exchange. The study by Apergis et al. (2018) identifies the relation between export
concentration and CO2 emissions with an empirical analysis of nineteen developed
economies. For long term estimation PDOLS, PFMOLS, PMG, CCEMG and short
term estimation PECM or PDR with GTSMS were implied. It posits that the high
scale production for exports purpose leads to Increase CO2 emissions.

2.7. Eco-innovation and CO2 emissions

A literary workout by L. Wang et al. (2020) was to investigate the relationship of
innovation in the domain of environment and renewable energy along with export
diversification with CO2 emissions. A group of G7 nations like Germany, Italy,
France, Japan, the United States, Canada, and the United Kingdom. The information
on the relationship between eco-innovation and export diversification was collected
from these countries for a period of 28 years spanning from 1990 to 2017. An analyt-
ical technique like a cross-sectionally augmented distributed lag (CS-ARDL) was
applied in this study to analyze the required relationship between the selected factors
both for the long and short-run. The results found a negative relationship between
sustainability-oriented eco-innovation and CO2 emissions. As fast the tendency to
adopt eco-innovation increases in the economy, the amount of CO2 emissions can be
controlled more effectively. The study conducted by Ding et al. (2021) checks the
association of energy production and eco-innovation with consumption-based CO2
emissions. The required quantitative data were collected from G7 countries from
1990 to 2018. The results showed that there is a negative relationship between eco-
innovation and CO2 emissions in the sense that with the adoption of eco-innovation,
the use of energy can be reduced and consequently, the CO2 emissions can be
overcome.

3. Methodology

Present study makes an attempts to look in to the economic growth and sustainable
innovation and their impact on CO2 emissions in China. The current article has
taken six factors of EG such as “GDP, national income, human capital, employment
ratio, inflation and exports”, to predict the CO2 emission. The secondary data from
World Bank was used covering the period from 1986 to 2020. The present article has
applied the ADF test to examine the unit root QARDL model has been run to
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identify the association between the constructs. The authors have established the
equation using understudy constructs given below:

COZt = 0 + BIGDPZ‘ + BzNNIt + B3HCI[ + B4ER[ + BSINFt + B6EXPt
+ B7EIN[ + (] (1)

Where;

CO2 = Carbon Emissiont = Time Period

GDP = Gross Domestic Product

NNI = Net National Income

HCI=Human Capital Index

ER = Employment Ratio

INF = Inflation

EXP = Exports

EIN = Eco-innovation

The present study has been conducted on environmental degradation using carbon
emission. Moreover, the current study has used the six economic growth factors such
as GDP, national income, human capital, employment ratio, inflation and exports.
Finally, the sustainability-oriented eco-innovation has also been used as the predictor
(See Table 1).

The present article has also employed descriptive statistics to study the data prop-
erties. Moreover, the current article also used correlation matrix. In addition, the
findings section also shows the ADF test that highlighted the unit root among the
variables.

diY,)=oap+ Bt+ YV, + d(Y:(-1))+ & (2)

The ADF test results highlight the appropriate model for the study. The QARDL
model is suitable when some variables have no unit root at I1(0), and some variables
have no unit root at I(1) (Jiang et al., 2021). Moreover, the QARDL technique is
superior to other nonlinear techniques, such as the nonlinear ARDL, to capture the
chaotic and nonlinear behavior of the study variables (Godil et al., 2020). In addition,
the QARDL technique captures both the long-run and short-run nexus between y t
and x t at any desired location in the conditional distribution. Firstly, the current
study has established the ARDL equation mentioned below:

Table 1. Variables with measurements.

S# Variables Measurement Sources

01  Carbon Emission Carbon dioxide damages (% of GNI) (McGrath et al.,, 2022)

02  Gross Domestic Product  GDP growth (annual percentage) (Ramzan et al., 2019)

03 National Income Net national income (annual % growth) (Pei et al., 2020)

04  Human Capital Index Human capital index (HCI) (scale 0-1) (Collin & Weil, 2020)

05 Employment Ratio Employment to population ratio, 15+, total (%) (Abraham & Kearney, 2020)
06 Inflation Inflation, consumer price (% annual) (Usman & Musa, 2018)

07  Exports Exports of goods and services (% of GDP) (Ali, et al., 2018)

08  Eco-innovation High-technology exports (% of manufactured exports)  (Mavi & Mavi, 2021)

Source: Authors estimations.
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ACO2 =09+ Y 81ACO2 1 + > $AGDP+ Y 8;ANNI,
+ > 8AHCI_ + Y 8sAER,_; + » O6AINF, i + » 8AEXP;_,
+) 8AEIN, | + ¢,C021 + ¢;GDPi_y+ @;NNI,_; + @,HCI,,
+ @sER,_| + QcINF,_| + @,EXP,_| + @sEIN,_| + &,
(3)

In addition, the current study also wants to check the association among variables
in various quartiles thus, the current article has used the 0.10, 0.20, 0.30, 0.40, 0.50,
0.60, 0.70, 0.80 and 0.90 quartiles in the study. QARDL expression constructed for
the study is presented below:

nl n2 n3
QCOZt = OL(T)O + Z bi(T)COZt,,‘ + Z C,'(’C)GDPt,,' + Z dl‘(‘E)NNIt,,'
i=1 i=0 i=0

n4 n5 né n7
+> e(HCL; + > fi(ER_; + > g(V)INFi; + Y hi(t)EXP,;
i=0 i=0 i=0 i=0
n8
+ 3 Gi(DEIN.; +¢,(1)C021 + @,(1)GDP,_y + @3(t)NNI;_,
i=0

+ @4 (V)HCL_1 + @5(1)ERi—1 + @g(T)INF;_1 + ¢;(T) exp (—1
+ @g(T)EIN;_; + &
(4)

4. Research findings

The outcome has been highlighted that CO2 was maximum in 1993, while minimum
in 2020. Moreover, the output also revealed that the GDP was highest in 2017, and
lowest in 2020. In addition, largest value of NNI was in 2007 and lowest in 2020.
Additionally, the outcome has been highlighted that HCI was maximum in 1986 and
minimum in 2020. Moreover, the output also revealed ER was 82.970% in 1986 and
67.196% in 2020. In addition, INF was 18.812% in 1988, —1.401% in 1999. Moreover,
EXP was 36.035% in 2006 and 8.712% in 1986. Finally, EIN was 32.124% in 2010
while the minimum in 1986. Table 2 shows all of these figures.

In addition, the present article has also employed descriptive statistics for data nor-
mality. The results showcase that CO2 mean vlaue is 5.526%, while GDP average
value is 9.103% followed by NNI 9.545%. Moreover, average value of HCI is 0.781
followed by ER 74.153, INF 5.022, and EXP 2.338. Finally, EIN mean vlaule was
30.503%. Table 3 shows all of these figures.

Moreover, the current article also runs the correlation matrix that shows the link-
age among the variables but is not able to show the significance of the association.
The results revealed that all the economic growth factors are correlated with CO2



Table 2. Descriptive statistics year-wise.
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Years C02 GDP NNI HC ER INF EXP EIN
1986 6.670 8.950 8.784 0.927 82.970 6.892 8.712 30.013
1987 8.228 11.657 8.922 0.918 82.437 7.234 12.482 30.042
1988 8.160 11.223 9.059 0.910 81.904 18.812 14.382 30.071
1989 7.909 4.206 9.196 0.901 81.371 18.246 11.844 30.100
1990 8.183 3.920 9.333 0.893 80.839 3.052 13.615 30.129
1991 8.554 9.263 9.470 0.884 80.306 3.557 14.488 30.157
1992 8.428 14.225 9.607 0.875 79.773 6.354 15.658 30.186
1993 9.097 13.884 9.744 0.867 79.240 14.610 16.702 30.215
1994 7.952 13.037 9.882 0.858 78.707 24.257 18.537 30.244
1995 7.024 10.954 10.019 0.850 78.174 16.791 17.951 30.273
1996 6.476 9.923 12.660 0.841 77.641 8.313 17.923 30.301
1997 6.044 9.237 9.520 0.833 77.109 2.786 19.493 30.330
1998 5.622 7.846 8.751 0.824 76.576 —0.773 18.342 30.359
1999 5.459 7.662 9.559 0.816 76.043 —1.401 18.163 30.388
2000 5.283 8.490 9.591 0.807 75.320 0.348 20.893 30.417
2001 5.125 8.336 11.651 0.798 75.340 0.719 20312 30.445
2002 5.330 9.134 12.239 0.790 74.430 —0.732 22.645 30.474
2003 5.775 10.038 11.938 0.781 73.820 1.128 26.981 30.503
2004 5.914 10.114 11.376 0.773 73.230 3.825 31.061 30.532
2005 6.036 11.395 13.030 0.764 72.800 1.776 33.830 30.561
2006 5.818 12.721 14.456 0.756 72.440 1.649 36.035 30.589
2007 4.837 14.231 15.513 0.747 72.020 4817 35.435 30.151
2008 4.377 9.651 7.195 0.738 71.430 5.925 32.603 29.364
2009 4.096 9.399 13.385 0.730 70.890 —0.728 24.750 31.938
2010 4134 10.636 9.088 0.721 69.180 3.175 27.185 32.124
2011 3.877 9.551 4,631 0.713 68.890 5.554 26.568 30.484
2012 3.659 7.864 10.661 0.704 68.740 2.620 25.493 30.849
2013 3.492 7.766 6.788 0.696 68.610 2.621 24.599 31.574
2014 3.302 7.426 8.849 0.687 68.470 1.922 23.510 29.695
2015 3.201 7.041 7.958 0.679 68.360 1.437 21.354 30.422
2016 3.176 6.849 8.538 0.670 68.170 2.000 19.584 30.243
2017 3.107 6.947 7.927 0.673 67.930 1.593 19.692 30.907
2018 2.984 6.750 5.200 0.647 67.660 2.075 19.112 31.467
2019 3.086 5.950 5.082 0.621 67.350 2.899 18.410 30.783
2020 2.990 2.348 4.487 0.653 67.196 2419 18.497 31.274
Source: Authors estimations.

Table 3. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max
C02 35 5.526 1.921 2.984 9.097
GDP 35 9.103 2.797 2.348 14.231
NNI 35 9.545 2.597 4.487 15.513
HCl 35 0.781 0.088 0.621 0.927
ER 35 74.153 5.107 67.196 82.970
INF 35 5.022 6.176 —1.401 24.257
EXP 35 21.338 6.753 8.712 36.035
EIN 35 30.503 0.578 29.364 32.124
Source: Authors estimations.

Table 4. Correlation matrix.

Variables C02 GDP NNI HCI ER INF EXP EIN
c02 1.000

GDP 0.455 1.000

NNI 0.322 0.543 1.000

HCl 0.937 0.356 0.314 1.000

ER 0.938 0.317 0.273 0.992 1.000

EXP 0.429 0.317 0.400 —0.516 —0.575 —0.348 1.000

EIN —0.621 0.142 0.645 —0.432 —0.373 0.252 0.337 1.000

Source: Authors estimations.
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emission in positive manner while EIN has a negative association with CO2 emis-
sions. Table 4 and Figure 2 show all of these figures.

In addition, the findings section also shows the ADF test that highlighted the unit
root among the variables. Findings showcase that CO2, HCI, ER and INF have no
unit root at the level, but GDP, NNI, EXP and EIN have no unit root at the first dif-
ference (see Table 5)

The results revealed that “GDP, national income, human capital, employment
ratio, inflation and exports” are positively linked with carbon emissions, and EIN has
a negative association with CO2 emission. Evidence exposed that GDP and CO2 sig-
nificant in 1 to 8 quartile in the short-run and in 1 to 6 quartile in the long-run. In
case of NNI, it is significant in 1 to 5 and 8-9 quartiles in short-run where as in
long-run, it is significant in 1 to 6 quartile. Moreover, HCI and share significant rela-
tionship in quartiles 1-4 and 7-8 in case of short-run, where as in long-run, the sig-
nificance has been shown in quartile 1-6. In addition, ER and carbon emissions are
significant in quartiles 1-5, 9 and 1-6 and 8 in short and long-run respectively. INF
and carbon emissions share significant linkage in quartile 1-4 and 6 and 8 in case of
short-run where as in case of long-run in 1-7 quartile. Moreover, EXP and carbon
emissions are significant in 1-5 and 9 quartiles in short run and 1-5 and 8-9 quartile
in case of long-run. Lastly, EIN and carbon emissions are significant to each other in
1-7 quartile and 1-8 quartile in short and long-run respectively. Table 6 shows these
figures (Figure 3).
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Figure 2. Correlation matrix.
Source: Authors estimations.



Table 5. Unit root test.
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ADF Level t-stats p-values
c02 1(0) —4.882 .012
GDP I(1) —5.990 .00
NNI 1(1) —5.262 .00
HCl 1(0) —2.101 .035
ER 1(0) 3.189 .015
INF 1(0) —3.302 .027
EXP 1(1) —5.108 .00
EIN 1(1) —5.127 .00
Source: Authors estimations.
Table 6. QARDL model.

GDP NNI HCI ER INF EXP EIN
Panel A: Short-run Coeff
Q0.1 54%* 32% S1¥E A3FF A3F* 37* —.34%
Q0.2 38%* 29%* 60** 56* 39% S4%* —.A43%
Q0.3 72% .20% 3% A9* 5% 53%* —.76%*
Q0.4 .10* Y 75%* 55%* AT* 52% —.57%
Q0.5 62K 72% a5 B7FFK .26 55%* —.34%
Q0.6 81% .04 .07 7 52%* 7 —.54%
Q0.7 .70% 12 91 .08 a7 12 —.12%
Q0.8 62% .82% .52% 18 .28* .10 —.03
Q0.9 .01 ok 19 65%* .10 T3E -.10
Panel B: Long-run Coeff
Q0.1 .38* .54* 34%% 29%* A43* 54x* —45%
Q0.2 AB** 29%* B61FF 35% 56%* 37* —.64%
Q0.3 .39% J2RHE A4* Kl 84%* A0* —.76%*
Q0.4 65* A3F* 30%* 33% 92%* 32% 87**
Q0.5 68%* .28% 23% 23% 62%% .20% —.36*
Q0.6 32% .19% 83*** 19% 22% .01 —46*
Q0.7 .10 12 .04 12 30% .10 —42%*
Q0.8 .19 .10 .02 23% .03 39% —31*
Q0.9 13 .19 18 .02 .06 .53%* -1
Panel C: Diagnostics
Ad. R square .65
Reset 1.47%
LM .98
CUSUM S
CuUsumQ S
Source: Authors estimations.
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5. Discussions

The results stated that GDP is in a positive relation to the level of CO2 emissions
from the country. These results are in line with Wasti and Zaidi (2020), which shows
that the achievement of a high GDP growth rate enables a number of businesses to
increase the level of production of goods and services. For this purpose, they have to
make additions to particular resources and processes for which large energy resources
are required. The energy smoked causes the firms to emit a large amount of CO2
emissions, and thus, they degrade the country’s climate and endanger the economy.
These results are supported by Mehmood et al. (2021), which is an investigation
about the economic growth impacts on CO2 emission and environmental quality.
This study reveals that in the economy, which is making progress in achieving a high
economic growth rate by sustaining the GDP, the technological field makes rapid
progress. The increase of the technologies used in the economy for production and
delivery purposes enhances the emission of a greenhouse gas like CO2 emission and
adds to environmental deterioration. These results are also supported by Bekhet
and Othman (2018), which highlights that when the country is making rapid progress
in achieving a high GDP, its next motive is to sustain this production level, which it
can make possible with the use of fast processing machinery and plants which are the
source of CO2 emissions.

The results indicated that NNI is in a positive relation to the level of CO2 emis-
sions from the country. These results agree with Adedoyin et al. (2020), which shows
that in the countries where the NNI is high, the different private and government
entities have abilities to carry on the economic developmental activities. For these
development activities, technologies and energy usage increase within the boundaries
of a country, and CO2 amount increases in the air which affects the weather pattern,
resources quality, and public wellbeing. These results are in line with Mikayilov et al.
(2018), which shows that high NNI achievement enhances the individual’s ability to
facilitate routine operations through applying electric appliances and machinery &
vehicles that are fueled by both renewable and nonrenewable energy resources. So, in
the case of the high NNI, emission of CO2 into the air increases and pollute the
atmosphere, where it becomes difficult for living beings to breathe in. These results
are supported by Cai et al. (2018), which tells that because of the increased consump-
tion of all sorts of energy resources during the economic period with high NNI, the
carbon in the air increases and converts into CO2 emissions.

The results also revealed that human capital is in a positive link to the level of
CO2 emissions from the country. These results agree with Anwar et al. (2020), which
states that human capital is the source of labor or workers to the different economic
fields like technology, manufacturing, construction, transportation, tourism etc. The
operations of these businesses are done with the help of liquid, solid, or gaseous
forms of energy. Energy consumption, whether it is in any form, releases harmful gas
like CO2 emissions which, because of causing excessive temperature into the earth,
destroys the natural beauty and the quality of its resources, the necessary ingredients
of economic development. These results also match with Gorus and Aydin (2019),
which highlights that the increase in human capital plays a key role in the expansion
of business practices. The increased business practices prolonged and more effective
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processes, high power technology which could give larger productivity and efficient
performance, and for all these, large energy sources. The excessive use of energy and
large wastes as a result of business expansion causes CO2 emissions in the large
amount.

The results showed that the employment ratio is in a positive relation to the level
of CO2 emissions in a country. These results agree with Lin and Xu (2020), which
show that in the countries where the employment rate is high, the productivity in all
sectors is high. For the production of a large variety of goods and services, a large
number of machines with different sizes, the requirement of fuel, and productivity
potential are used. These machines emit a large amount of CO2, which depends on
their size and amount of energy used. Hence, the increased employment ratio enhan-
ces the CO2 emissions. These results match with Z. Wang et al. (2018), which shows
that in an economy, only when the employment rate is high if productivity in the
country is at a large scale. At the same time, productivity at a large scale needs many
technological and energy resources along with raw materials. These things are the
source of CO2 emissions and environmental degradation. These results agree with
Wu et al. (2018), which reveals that the higher employment ratio gives equal oppor-
tunities to people to raise their living standard and their purchasing power. When
they can afford and actually purchase the small or large technologies to facilitate
themselves, they become a source of CO2 emissions.

The results indicated that inflation is in a positive relation to the level of CO2
emissions from the country. These results match with Ahmad et al. (2021), which
reveals that the rise in the process of the items produced by the firms increases the
profitability of the marketing of these products. The expectations that they can
achieve higher earnings out of sales motivate the firms to focus on increasing the
productivity level. For the increase in the number of goods and services produced,
heavier machinery and plants are employed, and additional energy applied. Moreover,
the waste from the production processes is greater. In this situation, the chances of
GHG or CO2 emissions are greater than usual. These results are also in line with
Alola et al. (2019), which shows that during inflation, the investment into the devel-
opmental projects is greater than earlier. This investment into the developmental
projects triggers the productivity of different manufacturing, construction, transporta-
tion, mining, and agriculture businesses etc. The increase in the production processes
enhances the use of energy resources and relevant technologies, which increases the
CO2 emissions for releasing the carbon into the air containing oxygen. These results
also match with Meo et al. (2018), which states that in the situation when there is
inflation in the economy, the use of machines, plants, ICT technologies, and different
heating processes are applied. For all these, different energy sources mostly nonre-
newable energy sources, are utilized. It enhances the CO2 emissions.

The results revealed that exports are in a positive relation to the level of CO2
emissions. These results match with Adamu et al. (2019), which highlights that when
the government allows but focuses on the exports of different items in the country,
the business firms, in order to commercialize their products at a grand level through
exports, enhance the production quantity and products quality. The improvement in
the level of production requires the use of technological instruments, additional
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infrastructure, and energy resources that emit harmful gases like CO2 emissions.
These results also match with Murshed and Dao (2022), which shows that which pro-
claims that the countries engaged in the exports of energy emit greenhouse gases in
large amounts because, during energy generation like fossil fuels production, electri-
city from fossil fuels, and electricity from nuclear power all are the big source of CO2
emissions. When, for exports purposes, the electricity production within the country
increases, the level of CO2 emissions gets high.

The results showed that eco-innovation has a negative relationship with the level
of CO2 emissions. These results are supported by Fethi and Rahuma (2019), which
indicates that the adoption of eco-innovation results in the use of energy efficient
technologies. When the business firms adopt the energy efficient technologies, the use
of the energy is reduced to the largest possible extent and the adverse impacts which
they impart on the environment is also reduced. The reduced energy usage, reduces
the CO2 emissions from the business firms. So, the eco-innovation has a negative
relation to CO2 emissions. These results are also in line with Tao et al. (2021), which
reveals that the in the eco-innovation, such resources and processes are employed for
the business operations including communication, production, and marketing which
require less amount of energy as compared to the traditional resources and processes.
The decreased amount of energy in usage, reduces the GHG emissions like CO2 and
thus, the whole environment remains clean leading to sustainable economy.

6. Implications

The prime concern of policy makers and economic activitists, right now, is to formu-
late strategies to fight against harmful emissions that are daunting the nature and
environment. The existing pile of studies indeed explored various factors that are
connected with the environment. Howoever, the constant rise in pollution demands
the fresh evidences and perspectives to formulate effective strategies that could be
helpful in the reduction of carbon emissions. In this regard, there are many areas
where this study would be applicable. The study highlights there must be made poli-
cies on the part of government authorities and economists through some innovations
or reformations. This study monitors the policymakers while formulating regulators
related to reducing the level of CO2 emission using economic growth factors. The
adverse impacts of an increase in GDP and NNI must be controlled. Similarly,
human capital creation must be made in such a way as the human resources not only
increase the productivity level within the country, but they must have the ability to
control negative environmental impacts like CO2 emissions because of the increase in
the economic practices. Similarly, the study guides that through effective policies
regarding the employment ratio, exports and inflation, their contribution to CO2
emissions can be controlled.

Other than that, there is a need of institutional reforms to encourage the ecological
innovation agenda in order to achieve green growth. Local governments, thereby,
must implement environmental policies and market novel consumer influxes in order
to utilize sustainability oriented eco-innovation. Higher investments must be made in
R & D areas by respective entities that promotes green technology innovation all over
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the country, this ultimately enhances the efficiency of energy systems. Consequently,
leading to pollution and emission reduction.

7. Conclusion

The economy of China is considered the largest source of greenhouse gas emissions
and climate change because of the increased economic activities, including technology
usage, personal and state-owned vehicles, production and consumption of energy
resources etc. CO2 emissions are taken as one of the most destructive environmental
pollutants causing the greenhouse effects and climate change. As the environment is
a crucial factor to public wellbeing and sustainable economic development, it’s been
the need to explore the factors affecting environmental quality. The current study was
written to explore the influences of economic growth indicators like GDP, NNI,
human capital, employment ratio, inflation, and exports, and eco-innovation on the
level of CO2 emissions.The research revealed a positive relationship between GDP,
NNI, human capital, employment ratio, inflation, exports, sustainable oriented eco-
innovation and the level of CO2 emissions. The results stated that with the increase
in the GDP and NNI, the total production of goods and services within the country
increases and when energy consumption with other technological resources increase,
the level of CO2 emissions gets high. The results also revealed that with the policies
to increase the employment ratio, the operations of different businesses increase, and
the increase in the technological operations causes an increase in the level of CO2
emission. The results showed that inflation in the economy enhances technological
advancements and developmental & constructional activities, which enhances the use
of energy resources within the country and make it emit a large amount of CO2
emissions. The study also concluded that the increase in exports level motivates
domestic firms for innovating, technological advancements, and an increase in prod-
uctivity causes an increase in the level of CO2 emissions. The results showed a nega-
tive relationship between eco-innovation and CO2 emissions. The innovation in
different business practices like infrastructure, manufacturing, transportation, and
communication system, in the way that it aims to reduce the environmental impacts
of business practices as well as encourages the use of renewable energy. This reduces
the CO2 emissions within the country.

8. Limitations

Several limitation are associated with the study. For suppose, the study considere eco-
nomic growth dimensions like the “GDP, NNI, human capital, employment ratio,
inflation, exports” along with sustainable oriented eco-innovation as predictor of car-
bon emissions. However, there are many other factors that influence CO2 emissions
such as green finance, FDI, energy production or consumption, nature of energy, and
geographical conditions. The current study has ignored all these factors while analyz-
ing the change in the level of CO2 emissions. The future must focus here and remove
this lack of study by analyzing the impacts of these factors on CO2 emissions as well.
Moreover, this study only examines pollutants like CO2 emissions instead of all
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greenhouse gases, which are detrimental to environmental quality, so the study is lim-
ited and needs authors’ attention. The present article about the relation between
GDP, NNI, human capital, employment ratio, inflation, export, and eco-innovation,
and the level of CO2 emission is linked to only the Chinese economy. In future, the
influences of GDP, NNI, human capital, employment ratio, inflation, and exports,
and sustainable oriented eco-innovation on the level of CO2 emission must be
checked in multiple economies.
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