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ABSTRACT
Current research investigates the role of green investment, informa-
tion, and communication technology development growth in the
Chinese economy’s carbon emissions from 1985-2015. This study has
applied the quantile autoregressive distributed lagged (QARDL)
approach and the Granger-causality in the quantiles to examine the
causal linkage between the variables of interest. The findings
through QARDL estimation confirm that there is an existence of sig-
nificant reversion to the long-run equilibrium association between
the explanatory variables and CO2. More specifically, the outcomes
under long-run estimation confirm that GIN and ICT development
plays a significant role in combating the issues like higher CO2 in
China. At the same time, more economic growth leads to the
destruction of the natural environment with higher carbon emis-
sions. However, the square of economic growth shows some fruitful
results towards fighting environmental pollution but not in all the
quantiles of the study. Besides, the Granger-causality outcomes con-
firm the presence of a bi-directional association between green
investment, ICT development, economic growth, and its square
value. Based on the study findings, some policy implications are also
provided. Besides, various limitations are also linked with this study.
Firstly, the current study only examines the trends in CO2 emission
from the context of China, whereas other regional economies are
entirely neglected. Secondly, the factors like governmental influence
in controlling carbon emission, environmental regulations, and gov-
ernance mechanisms are entirely neglected in this research. Thirdly,
the robust checking of the empirical findings is also missing in this
study. Fourthly, economic uncertainty would also contribute to
environmental pollution like CO2. Therefore, it is suggested that
future studies should focus on these limitations to provide some
meaningful suggestions and literature contributions.
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1. Introduction

The explicit aim of the economies is to accomplish the preferred level of economic
growth (EG). However, economies face a number of challenges during its growth and
development. Among these challenges, the most common is the environmental dam-
age due to economic activities (Kihombo et al., 2021). EG is measured per head level
of production of goods and services. During this production process, different raw
materials, i.e., minerals, trees, water, and other natural resources, are extracted from
the environment, which leads to environmental degradation (ED) in the form of an
increase in greenhouse gas (GHG) emissions. Since economic reforms, the Chinese
economy has constantly practiced high EG at an average growth rate of 9.9% during
the last three decades. However, China’s rapid EG is entrenched in the over-utiliza-
tion of the resources to a sizable extent (J. Zhang & Liang, 2012). The economy pri-
marily depends on coal as a source of energy. This accounts for around 75% of the
total primary energy in China (X.-P. Zhang & Cheng, 2009). Therefore, the carbon
emissions also indicate reckless growth with the rapid EG. Hence, the Present study
believes that EG plays a significant role in the ED of China. China has surpassed the
US to become the biggest emitter of carbon emissions (N. Zhou et al., 2011).
According to the yearly report in China’s Low-carbon Economic Development
(2012), the share of China in overall carbon emission is reached up to 25%.

Being the largest developing economy in the world, China undeniably has a large
responsibility and pressure to control carbon emissions with the EG. Hence, China is
under huge pressure and has difficulty controlling GHG emissions (Su et al., 2021).
Thus, to overwhelm these difficulties, the government of China has fixed a target to
reduce CO2 emissions per unit GDP by 45-50% during the period 2006 to 2020 (Su
et al., 2020). To achieve this target, China is vigorously pursuing to apprehend a
transformation in economic structure. China believes that economic transformation is
crucial in detaching the GHG emissions from EG (Su et al., 2020). The growth of the
ICTs industry is important in restricting the economy (J. Zhang & Liang, 2012). In
2008, the European Commission stated that "Information and Communication
Technologies (ICTs) have an important role to play in reducing the energy intensity
and increasing the energy efficiency of the economy" (Cetin et al., 2018). Several
researchers have appreciated the significant effects of the ICT industry in a low-car-
bon economy (Li et al., 2021). Some researchers recognize ICTs to alleviate global cli-
mate change via their ability to improve energy efficiency and reduce renewable
energy costs (Asongu & Le Roux, 2017; Weidner et al., 2021). However, other
researchers documented that ICTs are detrimental to environmental quality (EQ)
because it increases energy use and carbon emissions (Godil et al., 2020; Naderipour
et al., 2021; See Figure 1). Hence, the present study expects a significant linkage
between ICT and CO2.

Meanwhile, from the context of the Chinese economy, significant growth has been
observed over the last couple of decades. Figure 2 provides the outlook for the patent
application in China from 2010 to 2020. It shows that during 2010, the total number
of patent application in China were 59,683, which were 224,198 by 2020. It means
that a dramatic growth trend in the high-tech industry of China was found. This

2 B. FAN ET AL.



growth was mainly found in aerospace, telecommunication, electro technologies, com-
puter manufacturers, medical technologies, electro-technologies, etc.

In addition to ICTs, green investments also play an essential role in promoting
environmental sustainability. The economy’s financial sector is the main pillar of
human development (Kendall, 2012). The explicit purpose of the financial sector is to
make effective use of global savings. Appropriate use of investments facilitates
improvements in the quality of human life (X. Zhou et al., 2020). However, due to
the global financial crisis in 2008, people have invested their money in a real-estate
bubble and environmentally destructive projects (A. Sachs, 2014), and then the invest-
ments become detrimental to human wellbeing. Formerly, the financial sector has

Figure 1. Conceptualizing ICT’s impact on CO2.
Source: Moyer and Hughes (2012).

Figure 2. Trends in high-tech industry of China 2010–2020.
Source: Statista (2022).
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overlooked the economic system that facilitates the appearance of falling environmen-
tal issues, i.e., climate change, natural resource delectation, habitat, and pollution.
The financial sector has recently paid attention to green investments (GI), advancing
sustainable economic growth (Umar et al., 2020). According to (J. D. Sachs, 2015), GI
is promoted through green finance, which helps achieve a sustainable environment by
designing green financial instruments such as green loans for home equity programs
and production or construction process green home mortgages, green bonds, climate
credit cards, etc. (Ji et al., 2021). Hence, the present study believes that GI is a crucial
factor that reduces CO2 emissions. Figure 3 provides the layout for the CO2 emission
per capita in the Chinese economy over the study period (K.-H. Wang et al., 2021).
It shows that a growing trend has been observed over the past three decades due to
significant industrial and economic growth. The utilization of more energy and emis-
sion in the natural environment is quite apparent.

After reviewing the current debate on the modeled variables, this study makes two
contributions. First, the study reinvestigates the role of EG and ICT on CO2 in the
case of China because the prior literature exhibits conflicting and contradictory
results. Due to the conflicting nature of the results, the present study considers the
relationship between these variables by applying a novel approach, i.e., the Quantile
ARDL approach, to get the relevant findings. Second, the study investigates the rela-
tionship between GI and CO2 in the case of China. To the best of our knowledge,
this relationship is less focused on by the existing researchers, specifically in the con-
text of China. Besides the rest of the paper is organized as follows: Section two deals
with the literature review while exploring the relationship between the variables, sec-
tion three covers research methods and relevant techniques, section four covers
results and discussion, and the last section concludes the study.

Figure 3. Trends in CO2 emission Per capita in China.
Source: Ritchie and Roser (2019).
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2. Literature review

2.1. Green investment (GI) and carbon emission (CO2)

Several researchers refer to green investment (GI) as an environmentally friendly
source of investment. Researchers argue that GI is important for climate change as it
reduces greenhouse gas emissions (GHG) without declining consumption and pro-
duction (Eyraud & Lusinyan, 2011). The study on the GI-CO2 nexus is very limited
(Su et al., 2020). Although, there exist some case studies that stress the GI’s role in
promoting green economic growth and declining emission of CO2. (J. D. Sachs et al.,
2019) investigated the role of GI in attaining SDGs (sustainable development goals).
They support the promotion of carbon market instruments such as green funds and
green bonds. Further, (Dikau & Volz, 2018) stressed the formation of green financial
institutions by promoting green financing and green products using green climate
funds (Nassiry, 2019; Tao et al., 2022) highlighted the importance of green financial
technology in environmental sustainability and concluded that green financial tech-
nology plays a significant role in promoting environmental sustainability. (Hongo
et al., 2015; Mirza et al., 2020) also emphasized the positive effects of GI in reducing
substantial GHG emissions. The study specified that the development of green
finance depends upon different conditions that help capture carbon utilization and
storage (Gao et al., 2021). Acquiring "carbon-capturing storage, the role of green
finance is vital in promoting green energy. After reviewing the available literature, the
present study proposes that:

H1: There is a negative relationship between green investment and carbon emissions

2.2. Information and communication technologies (ICTs) and carbon
emission (CO2)

A significant number of researchers have explored the effects of ICTs on ED.
However, empirical studies in this regard conclude some conflicting results. For
instance, some researchers have indicated ICTs as a solution to ED, while some
researchers specify that the electronic rays generated from ICTs, pollute the environ-
ment (Ielasi et al., 2018). For instance, (C. Zhang & Liu, 2015) utilize the national,
provincial, and regional level data of China for 2000-2010 to scrutinize the role of the
ICT industry in the level of CO2 emissions (Ferrat et al., 2021; Mirza et al., 2020).
The study applied the STIRPAT model and revealed the significant contributions of
the ICT industry in reducing the level of CO2 emissions in China. (Ozcan & Apergis,
2018) examined the role of internet and cellphone usage in air pollution for the case
of 20 developing and emerging economies and revealed the significant contributions
of internet and cellphone usage in air pollution. (Asongu & Le Roux, 2017) indicated
that ICTs are crucial drivers for sustainable economic growth as they have the poten-
tial to influence social, economic, and environmental conditions through the provi-
sion of virtual substitutes and online management systems. (Weidner et al., 2021)
tested the role of ICTs in improving the environmental quality of 43 economies by
using mobile phone technologies, telephones, and internet usage as a proxy of ICTs
while CO2 as a proxy of EQ and found the substantial role of ICTs in improving EQ
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by reducing the level of CO2. (Berger, 2022; Bhujabal et al., 2021) explored the contri-
butions of ICTs to the GHG emissions of the Asia Pacific region and found a nega-
tive linkage between both. They concluded that ICTs reduce GHG emissions by
promoting the usage of environmentally friendly sources (Dorfleitner & Grebler,
2022). Similarly, (Avom et al., 2020) covered a negative association between ICTs and
the level of CO2 emissions in the case of 44 African economies (Ferrat et al., 2021).
They concluded that ICTs confidently interrelate with globalization to reduce the
adverse environmental impacts that promote ES.

However, some researchers contradict with the findings of the aforementioned
research. They concluded that ICTs have a 2% share in the deterioration of EQ (N’dri
et al., 2021; Naderipour et al., 2021) imply that ICTs positively contribute to the level of
CO2 emissions. Researchers argued that though ICTs tend to increase socio-economic
progress, they are highly aligned with environmental deterioration. (Godil et al., 2020)
also highlighted the negative environmental effects of ICTs and indicated that ICTs pro-
duced a substantial amount of electronic waste per year, which is detrimental to the EQ.
(Alataş, 2021) highlighted the adverse effects of ICTs on EQ and indicated that the
growth in developing economies’ ICTs depends on the imports of restored or second-
hand electrical equipment without performing any functionality testing, which produces
a large amount of electronic waste that degrades the EQ. (D�ıaz-Rold�an & Ramos-
Herrera, 2021) also concluded the negative role of ICTs in the EQ. They indicated that
the increase in the consumption of ICTs tends to increase CO2 emissions. The economic
theory proposes a significant role of GI in improving EQ because it enables the indus-
tries to get advanced technologies having less contribution to CO2 emission (Shoaib
et al., 2020). The utilitarian theory reports that a society’s welfare can be enhanced via
ICT infrastructure (Withagen & Vellinga, 2001). The theory claims that the welfare of
society can be achieved by declining the level of CO2 through ICTs that play an essential
role in the ED. Hence, the theory supports a significant link between ICTs and ED.

After reviewing the above literature, the present study considers that although the
ICT environment is highly debated among prior researchers, the area still needs to be
reinvestigated. Some researchers have revealed its positive influence on ED, while
others indicated its negative role in the ED. Though, the study postulates that:

H2: There is a significant relationship between ICTs and CO2 emission.

2.3. Economic growth (EG) and carbon emission (CO2)

The economic growth-environment nexus also received considerable importance from
different researchers. Many researchers argue that an increase in annual growth rate
is advantageous for the EQ (Alam & Kabir, 2013; Ekins, 2002), while others contra-
dict this argument and indicate that increase in annual growth rate tends to increase
the level of GHG emissions, which is unfavorable for the EQ (Kahuthu, 2006; Ozcan
et al., 2020; Saidi & Hammami, 2017). For instance, (Lotfalipour et al., 2010) gathered
the data on Iran and found a negative relationship between EG and CO2 emissions.
Their study explained that EG is the per head level of production of goods and serv-
ices, for which an intense amount of energy is required; i.e., the higher the energy
consumption, the higher the EG. However, energy consumption is positively aligned
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with the level of CO2 emissions that imposes adverse impacts on EQ. Hence, the
study concluded a positive affiliation between EG and CO2. (Bozkurt & Akan, 2014)
also indicated a positive connection between EG and CO2 for the case of turkey dur-
ing 1960-2010. The study argued that the EG and environmental deterioration are
inseparable. (Zameer et al., 2020) also found a negative impact of technological
innovation and the positive impact of EG on CO2. Mesagan (2015) also documented
the positive bond between EG and CO2 in Nigeria. The study explained that the
higher level of EG is aligned with the higher level of industrial activities responsible
for deteriorating the EQ by increasing CO2 emissions. (Ozcan et al., 2020) worked on
the energy-growth-environment nexus in five OECD economies and observed the
positive role of energy and growth in the ED. (Mercan & Karakaya, 2015; Umar
et al., 2022) also highlighted the unfavorable effects of EG on the environmental con-
ditions of developing nations. Their study concluded that EG is aligned with different
negative externalities that enhance the level of GHG emissions in the environment.

However, some researchers enforce a big question mark on the findings of the
above researchers by justifying that economic growth is a kind of "universal cure" for
all the problems faced by a nation. Researchers argued that EG does not increase
environmental deterioration. Instead, an increase in EG improves the EQ by inducing
advanced and better technological facilities that are less significantly related to GHG
emissions (Park et al., 2018). Many other researchers also concluded the negative
relation between EG and CO2 emissions. For instance, (Malik et al., 2020) observed
the negative impact of EG on CO2 emissions. (J. Li & Li, 2020) explored how the
increase in EG reduces the level of carbon emissions. The study indicated the benefi-
cial effects of EG for the EQ by highlighting the negative relationship between EG
and CO2 emissions. The study indicated that EG promotes the technical innovation
that escalates energy efficiency, reducing carbon emissions.

After reviewing the above literature, the present study observed that the economic
growth-ED nexus had remained a debatable topic among researchers for decades. We
observed the conflicting nature of this relation; some researchers concluded its posi-
tive role, while others indicated its negative role. Therefore, we believe that there is a
need to reinvestigate the relationship between economic growth and environmental
deterioration by applying a novel technique. Hence, it is hypothesized that:

H3: There is a significant relationship between economic growth and CO2.

Besides, Table 1 summarizes different studies covering the key variables, applied
methods, regional implications, and significant findings in recent years.

3. Research methods

Under the present study analysis, the non-linear linkage between CO2, green invest-
ment, CIT development, economic growth, and square of economic growth is investi-
gated with the help of an innovative approach named quantile autoregressive
distributed lagged or QARDL procedure which was newly introduced by (Cho et al.,
2015). One of the core assumptions for using this method is that the study’s variables
must be nonlinear to explore their linkage through the stated approach. In this
regard, the implication of QARDL estimation reflects the key motivation while
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exploring both long-run and short-run associations between the study variables.
Additionally, QARDL is observed as a much better approach to examining the non-
linear relationship between the stated variables compared to the orthodox method for
analyzing the linear relationship with the help of mean regressed outcome (Godil
et al., 2020; He et al., 2021; Jiang et al., 2021; Suki et al., 2020; Sun et al., 2021;
Zaighum et al., 2021). Meanwhile, QARDL is quite beneficial in investigating the
varying impact of the time services over a series of quantiles. Meanwhile, to check
the dependability of the stated quantiles, the Wald test has been applied for both
long-run and short-run coefficients. However, the traditional approach to showing
the linear ARDL framework can be expressed with the help of following Equation 1.

CO2t ¼ aþ
Xp

i
b1CO2t�i þ

Xq

i
b2GINt�i þ

Xm

i
b3CITt�i

þ
Xn

i
b4GDPt�i þ

Xr

i
b5GDP2t�i þ et

Equation (1)

wherein the above Equation 1, the titles like et indicates the white noise residual
showing the bottom ground, and P and q show the lagged natural series of the study
variables like carbon emission, GIN, CIT, economic growth, and square of economic
growth. However, Equation 1 to the quantile framework can provide the following
context of the quantile ARDL model, as shown in Equation 2 of the study.

QCO2t ¼ a sð Þ þ
Xp

i
b1 sð ÞCO2t�i þ

Xq

i
b2 sð ÞGINt�i þ

Xm

i
b3 sð ÞCITt�i

þ
Xn

i
b4 sð ÞGDPt�i þ

Xr

i
b5 sð ÞGDP2t�i þ et sð Þ

Equation (2)

Table 1. Literature summary.
Variables Region Methods Findings Source

Green investment,
carbon emission,

Chinese provinces Cross-section
augmented
distributed
lag approach

Investment in green
projects reduces the
emission both in the
long-run and
short-run

(K. Li et al., 2021)

Financial
development,
natural resource,
energy
consumption,
green investment

China CS-ARDL Natural resources and
energy consumption
are harmful to the
natural environment,
whereas green
investment
controls emissions.

(Shen et al., 2021)

Information and
communication
technologies,
carbon emission

Different sectors
in China.

Case-study
approach

The ICT sector can
induce significant
amounts
of emissions.

(Q. Wang et al., 2018)

ICT, carbon emission Provincial-
level study.

Quantile
regression.

Internet penetration has
a significant negative
effect on
carbon emission.

(Chen et al., 2019)

Technology factors,
carbon emission

26
European
economies

Panel
Quantile
Estimation

A negative relationship
exists between high-
tech export and
carbon emission.

(Anser et al., 2021)

Source: Author’s Estimation.
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wherein the above Equation 2, the titles like et sð Þ ¼ CO2t � QCO2t ðs=et�1Þ and
0 < s < 1 are showing the quantiles. For the purpose of data analysis, we have
used different quantiles ranging from 0.05th to 0.95th, respectively. Meanwhile, to
address the probability of sequential correlation, the above Equation 2 can be
adjusted into following Equation 3.

QDCO2t ¼ a sð Þ þ qCO2t�i þ u1GINt�i þ u2CITt�i þ u3GDPt�i þ u4GDP2t�i

þ
Xp

i
b1 sð ÞCO2t�i þ

Xq

i
b2ðsÞGINt�i þ

Xm

i
b3 sð ÞCITt�i

þ
Xn

i
b4 sð ÞGDPt�i þ

Xr

i
b5 sð ÞGDP2t�i þ et sð Þ

Equation (3)

Additionally, the above Equation 3 can be redefined to provide the error correc-
tion model for the measurement of the QARDL approach into following Equation 4
of the study

QDCO2t ¼ a sð Þ þ q sð Þ CO2t�i � x1 sð ÞGINt�i � x2 sð ÞCITt�i � x3 sð ÞGDPt�i
�

� x4 sð ÞGDP2t�iÞ þ
Xp�1

i¼1
b1 sð ÞDCO2t�i þ

Xq�1

i¼0
b2 sð ÞDGINt�i

þ
Xm�1

i¼0
b3 sð ÞDCITt�1 þ

Xn�1

i¼0
b4 sð ÞDGDPt�i

þ
Xr�1

i¼0
b5 sð ÞDGDP2t�i þ et sð Þ

Equation (4)

In addition, with the help of D the method, the cumulative short-term impact of
past values of the carbon emission on the current values of the CO2 is also estimated
under the present study. Furthermore, the past values of other explanatory variables
are also utilized to predict the current values of carbon emission in the economy of
China for the short-run estimation. Besides, the study methodology also considers the
Granger-causality test to check the direction of causality between the variables
of interest.

4. Results and discussion

Findings under Table 2 report descriptive outcomes in terms of mean, data range,
standard deviation, and normality scores through J-B stats. The results show that the
highest mean score is reported by GDP2, followed by GDP, CO2, and ICT develop-
ment. At the same time, the green investment represents the lowest mean score show-
ing that compared to the rest of the variables, the low focus is made towards it by
the Chinese government during the study period. However, the growth rate in terms
of GDP is highest during the study time. In terms of standard deviation, GDP2 shows
a score of 1.059, followed by 1.021’s carbon emissions in China. To take into account
the normality trends of the study variables, the J-B test is applied where Ho assumes
the normal distribution. The findings of the J-B test show that all the variables are
showing highly significant output, hence rejecting the normality assumption and
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supporting the alternative hypothesis, which claims that data is not normal.
Therefore, the present study will apply QARDL, for which data is required to be
non-normal over time.

Table 3 reports the findings for the unit root test, where it is found that both the
augmented dicky fuller test (ADF) and ZA test were applied. The results show that
findings for ADF (level) for all the study variables are found to be insignificant.
However, the scores for ADF (D) for carbon emission, green investment, ICT, eco-
nomic growth, and square of economic growth are found to be negatively significant
at 1 percent. Additionally, ZA at level shows insignificant output, whereas ZA (D) has
indicated that all variables are negatively significant at 1 percent and the structural
breaks. This would justify the argument that all the study variables are stationarity at
the first difference and the structural breaks.

The results for QARDL while taking CO2 as the main dependent variable are pre-
sented under Table 4 of the study. More specifically, the findings are reported by
talking all three ranges of quantiles (lower, medium, higher) for the carbon emission,
error correction parameter or p�, long-run coefficients through beta values, t-scores,
and short-run coefficients. The findings through QARDL demonstrate that scores for
the error correction model (p�) are found to be negatively significant for all the study
quantiles except for the lower order. It confirms the existence of reversion to the
long-run association between the variables. As observed in the existing literature,
various studies have also confirmed the negative and significant output for the ECM
to justify the implication of QARDL estimation (Jiang et al., 2021; 2022; Nawaz et al.,
2021). In addition, the findings in Table 4 report that bGIN(s) is significant and
negative for all the study quantiles under long-run estimation. This would confirm
that higher green investment in China leads to lower carbon emissions, which is a
good effort to combat environmental pollution. Li et al. (2021) have considered the
Chinese economy and confirmed that investment in green projects is a big source of

Table 2. Results of descriptive statistics.
Variables Mean Min. Max. Std. Dev. J-B Stats

CO2 2.002 1.022 3.002 1.021 19.052���
GIN 0.528 0.025 1.012 0.035 21.010���
ICT 1.041 0.014 2.010 1.012 33.044���
GDP 0.645 0.045 1.065 0.058 23.013���
GDP2 2.010 1.010 3.003 1.032 18.045���
Note: CO2: carbon dioxide emission; GIN: green investment; ICT: information and communication technologies; GDP:
means gross domestic product; GDP2: square of the gross domestic product. The asterisk ���, �� and � represent
the level of significance at 1%, 5%, and 10% respectively.
Source: Author’s Estimation.

Table 3. Results of unit root test.
Variables ADF (Level) ADF (D) ZA (Level) Break Year ZA (D) Break Year

CO2 �1.014 �3.101��� �2.031 2005 Q4 �6.010��� 2015 Q1
GIN �0.513 �5.023��� �1.057 2013 Q1 �8.012��� 2010 Q2
ICT 1.022 �6.011��� 2.023 2011 Q1 �9.011��� 2014 Q1
GDP �0.414 �4.010��� �1.068 2009 Q1 �7.014��� 2017 Q2
GDP2 �1.032 �5.021��� �2.013 2006 Q4 �9.021��� 2008 Q4

Note: CO2: carbon dioxide emission; GIN: green investment; ICT: information and communication technologies; GDP:
gross domestic product; GDP2: square of gross domestic product.
Source: Author estimation.
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reducing CO2 in the long and short run. (Huang et al., 2020) have also confirmed
that green investment is causing a reduction in the costs under different carbon emis-
sion policies.

On the other side, the effect of information and communication technologies
development is also showing a significant and negative impact on the CO2 under
long-run estimation. This means that more ICT development is a good sign for deal-
ing with the carbon emission in the region of China. In recent years, a significant
level of ICT development has been found in China, and similar is justified under
lower order and medium order quantiles, where the highest negative impact is
recorded as �0.139 for the lowest quantile. Godil et al. (2020) have justified the argu-
ment that ICT development helps in reducing environmental pollution for the econ-
omy of Pakistan. Haini (2021) has considered ASEAN economies and found that ICT
is negative for carbon emission. However, in the research study of (Raheem et al.,
2020), the impact of ICT on CO2 is found to be significant and positive, whereas
(Amri et al., 2019) have confirmed an insignificant impact of ICT on carbon emission
in Tunisia.

In addition, the study findings through QARDL also confirm that GDP is showing
its significant and positive impact on CO2 from 0.30th quantile to 0.95th quantile. . It
confirms that both growth and environmental pollution are linked with each other.
In this regard, research findings as provided by (Waheed et al., 2019) support our
argument while claiming that most of the earlier studies have supported that eco-
nomic growth is a direct source of carbon emission. (Khan et al., 2020) have also
observed the economy of Pakistan while claiming that carbon emission is directly
linked to economic growth from 1965 to 2015. Besides some other studies also

Table 4. Results of quantile autoregressive distributed lag (QARDL) for CO2 emission.

Quantiles Constant ECM
Long-Run Estimation Short-Run Estimation

(s) a*(s) q*(s) bGIN(s) bICT(s) bGDP(s) bGDP2(s) u1(s) x0(s) k0(s) h0(s) �e0(s)

0.05 �0.013 �0.103 �0.452��� �0.139�� 0.152 �0.037 0.433��� �0.015 �0.032� 0.321��� �0.026
(�0.018) (�1.020) (�3.001) (�2.366) (1.630) (�0.066) (5.026) (�0.769) (�1.715) (3.002) (�0.033)

0.1 �0.004 �0.104 �0.441��� �0.112�� 0.163 �0.028 0.442��� �0.033 �0.029� 0.301��� �0.018
(�0.016) (�0.818) (�2.992) (�2.425) (1.620) (�0.152) (5.120) (�1.599) (�1.822) (2.991) (�0.029)

0.2 �0.010 �0.100 �0.447��� �0.110�� 0.147 �0.024 0.472��� �0.047� �0.023� 0.331�� �0.013
(�0.007) (�1.109) (�3.002) (�2.332) (1.639) (�0.544) (4.822) (�1.691) (�1.716) (1.991) (�0.010)

0.3 �0.017 �0.205�� �0.432��� �0.128�� 0.169� �0.031 0.454��� �0.031� �0.038� 0.342�� �0.023
(�0.017) (�2.710) (�2.991) (�2.428) (1.641) (�1.051) (4.233) (�1.878) (�1.919) (1.961) (�0.021)

0.4 �0.011 �0.201��� �0.427�� �0.105�� 0.158� �0.041 0.463��� �0.051� �0.049� 0.312� �0.009
(�0.014) (�3.134) (�2.899) (�2.108) (1.818) (�0.860) (4.367) (�1.672) (�1.813) (1.892) (�0.047)

0.5 �0.019 �0.209��� �0.415�� �0.116� 0.141�� �0.038 0.431��� �0.021� �0.030 0.323� �0.019
(�0.011) (�3.313) (�2.595) (�1.846) (1.962) (�0.559) (4.153) (�1.801) (�0.828) (1.717) (�0.036)

0.6 �0.009 �0.218��� �0.431�� �0.026 0.161�� �0.042 0.385��� �0.012�� �0.054 0.311� �0.022
(�0.008) (�3.404) (�2.199) (�1.465) (1.979) (�0.639) (4.674) (�1.961) (�0.714) (1.649) (�0.020)

0.7 �0.012 �0.208��� �0.454�� �0.014 0.153��� �0.081�� 0.379��� �0.044�� �0.039 0.341 �0.017
(�0.002) (�3.509) (�1.991) (�1.602) (2.991) (�2.042) (4.063) (�1.983) (�1.034) (1.599) (�0.007)

0.8 �0.018 �0.210��� �0.429� �0.032 0.167��� �0.072�� 0.343��� �0.037�� �0.060 0.352 �0.010
(�0.006) (�3.787) (�1.891) (�1.561) (3.001) (�2.627) (3.730) (�1.971) (�0.626) (1.601) (�0.016)

0.9 �0.023 �0.212��� �0.435� �0.025 0.159��� �0.066�� 0.361��� �0.028�� �0.048 0.338 �0.016
(�0.001) (�3.803) (�1.920) (�1.259) (2.992) (�2.234) (3.621) (�1.991) (�0.637) (1.470) (�0.001)

0.95 �0.014 �0.206��� �0.421� �0.058 0.171��� �0.046� 0.346��� �0.032�� �0.069 0.347 �0.008
(�0.004) (�3.308) (�1.789) (�1.434) (3.002) (�1.924) (3.240) (�1.980) (�0.425) (1.579) (�0.008)

Note: CO2: carbon dioxide emission, GIN; green investment, ICT: information and communication technologies, GDP;
gross domestic product; GDP2: square of gross domestic product. The table reports the quantile estimation results.
The t-statistics are between brackets. ���, �� and � indicate significance at the 1%, 5% and 10% levels, respectively.
Source: Author Estimations.
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explore the nexus between growth and environmental concerns (Hanif, 2018; Kahia
et al., 2019; Mikayilov et al., 2018; Q. Wang et al., 2018; Q. Wang et al., 2018).

Furthermore, the influence from GDP2 on CO2 is negatively significant but only
for the higher-order quantiles ranging from 0.70th to 0.95th, respectively. This means
that GDP square is a good sign in reducing the carbon emission for the economy of
China. (Gessesse & He, 2020) indicate that GDP2 is negatively contributing to carbon
emission. However, (Dogan & Turkekul, 2016) have considered the economy of the
USA while observing the trends in greenhouse gas emissions. Contrary to our find-
ings, their study shows positive nexus between the square of growth and CO2.

According to the findings under short-run estimation, it is found that past and
lagged values of CO2 are significantly and positively predict the current and lagged
values of the carbon emission in China under each of the study quantiles ranging
from lower to higher-order. On the other side, the changes in the past and lagged
values of GIN are found to be negatively and significantly linked with carbon emis-
sion. However, the highest negative impact is recorded with a coefficient of �0.044.
Furthermore, ICT is also significantly and positively linked with current carbon emis-
sion values but only for lower and medium order quantiles. On the other side, past
and lagged GDP values are positive indicators of current and lagged carbon emission
values but only from 0.05th quantile to 0.60th quantile.

Table 5 reports the output for the Wald test to check the constancy of the parame-
ters. Considering the results, the null hypothesis for the speed of adjustment param-
eter is not supported and is rejected at 1 percent. At the same time, the null of
linearity across different tails of each of the study quantiles for the green investment,
information and communication technology development, and GDP is also rejected
at a 1 percent level of significance. This would justify that the long-run parameters

Table 5. Results of the Wald Test for the constancy of parameters.
Variables Wald-statistics [P-value]

P 16.551���
[0.000]

bGIN 11.843���
[0.000]

bICT 3.979���
[0.000]

bGDP 4.010���
[0.000]

bGDP2 1.292
[0.258]

u1 8.552���
[0.000]

x0 8.969���
[0.000]

k0 1.543
[0.186]

h0 6.001���
[0.000]

�e0 0.301
[0.861]

Note: CO2: carbon dioxide emission, GIN; green investment, ICT: information and communication technologies, GDP;
gross domestic product; GDP2: square of gross domestic product. The p-values are between square brackets. ���,�� and � indicate significance at the 1%, 5% and 10% levels, respectively.
Source: Author Estimations.
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for the study variables are dynamic in different quantiles in the region of China.
Meanwhile, the findings for the Wald-statistics for the short run estimation have also
rejected the null hypothesis for the linearity of the cumulative influence of past values
of carbon emission over the stated quantiles in China.

Finally, Table 6 reports the output for the Granger causality in quantiles. Taking
into account the overall quantiles ranging from 0.05th to 0.95th, it is found that there
is a bidirectional association between the variables of interest for China. Additionally,
the results have also predicted that there is a two-way causality linkage between the
carbon emission and green investment, between ICT and carbon emission, between
GDP and carbon emission, and between GDP2 and carbon emission.

5. Conclusion and policy suggestions

The current study examines the role of green investment, ICT development, and eco-
nomic growth in dealing with China’s carbon emissions from 1985-2018 with the
help of a novel approach named QARDL, as suggested by (Cho et al., 2015). The
stated approach is applied as it helps to investigate how the variety of quantiles for
green investment, information and communication technology development, and eco-
nomic growth affect carbon emissions compared to traditional methods like simple
OLS or panel estimation techniques. Furthermore, our study has examined the causal
association between the variables of interest with the help of the (Troster, 2018)
approach. The study findings through QARDL confirm that the error correction par-
ameter is found to be negative and significant for the stated quantiles, which show
the presence of significant reversion to the long-run connection between the explana-
tory variables and carbon emission in China. More specifically, the findings under
long-run estimation show that green investment is significantly playing its role in
reducing the issue of higher carbon emissions in China. Meanwhile, the impact of
ICT on carbon emission under long estimation is also observed as significant and
negative. However, GDP turns to show its positive impact in creating more carbon
emission whereas GDP squares not. In addition to this, the findings through short
run estimation confirm the asymmetric influence of past and lagged values of carbon
emission, ICT, green investment, and GDP on the current and lagged values of CO2

Table 6. Granger causality in quantile test results.

Quantiles

DCO2t
#

DGINt

DGINt

#
DCO2t

DCO2t
#

DICTt

DICTt
#

DCO2t

DCO2t
#

DGDPt

DGDPt
#

DCO2t

DCO2t
#

DGDP2t

DGDP2t
#

DCO2t
[0.05-0.95] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.05 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.30 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.40 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.50 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.60 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.70 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.80 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.90 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.95 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Source: Authors estimation.
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as well. Furthermore, the scores through a causal association between the study varia-
bles through Granger-causality in the quantiles shows the presence of bi-directional
causality between the green investment, ICT, economic growth, and square of eco-
nomic growth with the CO2 in the region of China.

If the study findings are considered, various policy implications and suggestions
can come into existence, specifically from the context of sustainable development. As
the environmental quality in the form of carbon emission is prone to deterioration at
the increasing level of economic growth, it can be inferred that the growth track in
China’s region is not under the shadow of sustainability. One of the core reasons for
this negative environmental outcome is that the factor of sustainability is neglected
by the government and various other concerned departments while going for the pro-
duction or transportation of goods and services. On the other side, positive influence
from the investment in green projects and development in the form of ICT is found
to be a solution to combating environmental degradation. For this reason, it is highly
suggested that policy-level solutions can be devised based on the different levels of
quantiles for both explanatory and outcome variables of interest. Besides, various lim-
itations are also linked with this study. Firstly, the current study only examines the
trends in CO2 emission from the context of China, whereas other regional economies
are entirely neglected. Secondly, the factors like governmental influence in controlling
carbon emission, environmental regulations, and governance mechanisms are entirely
neglected in this research. Thirdly, the robust checking of the empirical findings is
also missing in this study. Fourthly, economic uncertainty would also contribute to
environmental pollution like CO2. Therefore, it is suggested that future studies
should focus on these limitations to provide some meaningful suggestions and litera-
ture contributions.
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Alataş, S. (2021). Do environmental technologies help to reduce transport sector CO2 emis-
sions? Evidence from the EU15 countries. Research in Transportation Economics, 91, 101047.

Amri, F., Zaied, Y. B., & Lahouel, B. B. (2019). ICT, total factor productivity, and carbon diox-
ide emissions in Tunisia. Technological Forecasting and Social Change, 146, 212–217. https://
doi.org/10.1016/j.techfore.2019.05.028

Anser, M. K., Apergis, N., & Syed, Q. R. (2021). Impact of economic policy uncertainty on
CO2 emissions: Evidence from top ten carbon emitter countries. Environmental Science and
Pollution Research International, 28(23), 29369–29378.

Asongu, S. A., & Le Roux, S. (2017). Enhancing ICT for inclusive human development in Sub-
Saharan Africa. Technological Forecasting and Social Change, 118, 44–54. https://doi.org/10.
1016/j.techfore.2017.01.026

14 B. FAN ET AL.

https://doi.org/10.5539/ijef.v5n2p86
https://doi.org/10.1016/j.techfore.2019.05.028
https://doi.org/10.1016/j.techfore.2019.05.028
https://doi.org/10.1016/j.techfore.2017.01.026
https://doi.org/10.1016/j.techfore.2017.01.026


Avom, D., Nkengfack, H., Fotio, H. K., & Totouom, A. (2020). ICT and environmental quality
in Sub-Saharan Africa: Effects and transmission channels. Technological Forecasting and
Social Change, 155, 120028. https://doi.org/10.1016/j.techfore.2020.120028

Berger, D. (2022). Investor sentiment: A retail trader activity approach. Review of Accounting
and Finance, 21(2), 61–82. https://doi.org/10.1108/RAF-06-2021-0152

Bhujabal, P., Sethi, N., & Padhan, P. C. (2021). ICT, foreign direct investment and environ-
mental pollution in major. Environmental Science and Pollution Research, 28(31),
42649–42669. https://doi.org/10.1007/s11356-021-13619-w

Bozkurt, C., & Akan, Y. (2014). Economic growth, CO2 emissions and energy consumption:
The Turkish case. International Journal of Energy Economics and Policy, 4(3), 484–494.

Cetin, M., Ecevit, E., & Yucel, A. G. (2018). The impact of economic growth, energy consump-
tion, trade openness, and financial development on carbon emissions: Empirical evidence
from Turkey. Environmental Science and Pollution Research International, 25(36),
36589–36603.

Chen, X., Gong, X., Li, D., & Zhang, J. (2019). Can information and communication technol-
ogy reduce CO2 emission? A quantile regression analysis. Environmental Science and
Pollution Research International, 26(32), 32977–32992.

Cho, J. S., Kim, T., & Shin, Y. (2015). Quantile cointegration in the autoregressive distributed-
lag modeling framework. Journal of Econometrics, 188(1), 281–300. https://doi.org/10.1016/j.
jeconom.2015.05.003

D�ıaz-Rold�an, C., & Ramos-Herrera, M. d. C. (2021). Innovations and ICT: Do they favour eco-
nomic growth and environmental quality? Energies, 14(5), 1431. https://doi.org/10.3390/
en14051431

Dikau, S., & Volz, U. (2018). Central banking, climate change and green finance. https://
eprints.soas.ac.uk/26445/1/Dikau%20Volz%202018%20Central%20Banking%2C%20Climate
%20Change%20and%20Green%20Finance.pDF

Dogan, E., & Turkekul, B. (2016). CO2 emissions, real output, energy consumption, trade,
urbanization and financial development: Testing the EKC hypothesis for the USA.
Environmental Science and Pollution Research International, 23(2), 1203–1213.

Dorfleitner, G., & Grebler, J. (2022). Corporate social responsibility and systematic risk:
International evidence. The Journal of Risk Finance, 23(1), 85–120. https://doi.org/10.1108/
JRF-07-2020-0162

Ekins, P. (2002). Economic growth and environmental sustainability: The prospects for green
growth. Routledge.

Eyraud, L., & Lusinyan, M. L. (2011). Decentralizing spending more than revenue: Does it hurt
fiscal performance? International Monetary Fund.

Ferrat, Y., Daty, F., & Burlacu, R. (2021). Short- and long-term effects of responsible invest-
ment growth on equity returns. The Journal of Risk Finance, 23(1). https://doi.org/10.1108/
JRF-07-2021-0107

Gao, J., O’Sullivan, N., & Sherman, M. (2021). Chinese securities investment funds: The role
of luck in performance. Review of Accounting and Finance, 20(5), 271–297. https://doi.org/
10.1108/RAF-07-2020-0182

Gessesse, A. T., & He, G. (2020). Analysis of carbon dioxide emissions, energy consumption,
and economic growth in China. Agricultural Economics, 66(4), 183–192.

Godil, D. I., Sharif, A., Agha, H., & Jermsittiparsert, K. (2020). The dynamic nonlinear influ-
ence of ICT, financial development, and institutional quality on CO2 emission in Pakistan:
New insights from QARDL approach. Environmental Science and Pollution Research
International, 27(19), 24190–24200. https://doi.org/10.1007/s11356-020-08619-1

Haini, H. (2021). Examining the impact of ICT, human capital and carbon emissions:
Evidence from the ASEAN economies. International Economics, 166, 116–125. https://doi.
org/10.1016/j.inteco.2021.03.003

Hanif, I. (2018). Impact of economic growth, nonrenewable and renewable energy consump-
tion, and urbanization on carbon emissions in Sub-Saharan Africa. Environmental Science

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 15

https://doi.org/10.1016/j.techfore.2020.120028
https://doi.org/10.1108/RAF-06-2021-0152
https://doi.org/10.1007/s11356-021-13619-w
https://doi.org/10.1016/j.jeconom.2015.05.003
https://doi.org/10.1016/j.jeconom.2015.05.003
https://doi.org/10.3390/en14051431
https://doi.org/10.3390/en14051431
https://eprints.soas.ac.uk/26445/1/Dikau%20Volz%202018%20Central%20Banking%2C%20Climate%20Change%20and%20Green%20Finance.pDF
https://eprints.soas.ac.uk/26445/1/Dikau%20Volz%202018%20Central%20Banking%2C%20Climate%20Change%20and%20Green%20Finance.pDF
https://eprints.soas.ac.uk/26445/1/Dikau%20Volz%202018%20Central%20Banking%2C%20Climate%20Change%20and%20Green%20Finance.pDF
https://doi.org/10.1108/JRF-07-2020-0162
https://doi.org/10.1108/JRF-07-2020-0162
https://doi.org/10.1108/JRF-07-2021-0107
https://doi.org/10.1108/JRF-07-2021-0107
https://doi.org/10.1108/RAF-07-2020-0182
https://doi.org/10.1108/RAF-07-2020-0182
https://doi.org/10.1007/s11356-020-08619-1
https://doi.org/10.1016/j.inteco.2021.03.003
https://doi.org/10.1016/j.inteco.2021.03.003


and Pollution Research International, 25(15), 15057–15067. https://doi.org/10.1007/s11356-
018-1753-4

He, X., Mishra, S., Aman, A., Shahbaz, M., Razzaq, A., & Sharif, A. (2021). The linkage
between clean energy stocks and the fluctuations in oil price and financial stress in the US
and Europe? Evidence from QARDL approach. Resources Policy, 72, 102021. https://doi.org/
10.1016/j.resourpol.2021.102021

Hongo, T., Anbumozhi, V., Kawai, M., & Lohani, B. N. (2015). Reforms for private finance
toward green growth in Asia. In Managing the transition to a low-carbon economy perspec-
tives, policies, and practices from Asia. https://www.adb.org/sites/default/files/publication/
176262/adbi-managing-transition-low-carbon-economy.pdf

Huang, Y.-S., Fang, C.-C., & Lin, Y.-A. (2020). Inventory management in supply chains with
consideration of Logistics, green investment and different carbon emissions policies.
Computers & Industrial Engineering, 139, 106207. https://doi.org/10.1016/j.cie.2019.106207

Ielasi, F., Rossolini, M., & Limberti, S. (2018). Sustainability-themed mutual funds: An empir-
ical examination of risk and performance. The Journal of Risk Finance, 19(3), 247–261.
https://doi.org/10.1108/JRF-12-2016-0159

Ji, X., Chen, X., Mirza, N., & Umar, M. (2021). Sustainable energy goals and investment pre-
mium: Evidence from renewable and conventional equity mutual funds in the Euro zone.
Resources Policy, 74, 102387. https://doi.org/10.1016/j.resourpol.2021.102387

Jiang, C., Zhang, Y., Kamran, H. W., & Afshan, S. (2021). Understanding the dynamics of the
resource curse and financial development in China? A novel evidence based on QARDL
model. Resources Policy, 72, 102091. https://doi.org/10.1016/j.resourpol.2021.102091

Jiang, C., Zhang, Y., Razi, U., & Kamran, H. W. (2022). The asymmetric effect of COVID-19
outbreak, commodities prices and policy uncertainty on financial development in China:
Evidence from QARDL approach. Economic Research-Ekonomska Istra�zivanja, 35(1) 1–20.

Kahia, M., Ben Jebli, M., & Belloumi, M. (2019). Analysis of the impact of renewable energy
consumption and economic growth on carbon dioxide emissions in 12 MENA countries.
Clean Technologies and Environmental Policy, 21(4), 871–885. https://doi.org/10.1007/
s10098-019-01676-2

Kahuthu, A. (2006). Economic growth and environmental degradation in a global context.
Environment, Development and Sustainability, 8(1), 55–68. https://doi.org/10.1007/s10668-
005-0785-3

Kendall, J. (2012). Local financial development and growth. Journal of Banking & Finance,
36(5), 1548–1562. https://doi.org/10.1016/j.jbankfin.2012.01.001

Khan, M. K., Khan, M. I., & Rehan, M. (2020). The relationship between energy consumption,
economic growth and carbon dioxide emissions in Pakistan. Financial Innovation, 6(1),
1–13. https://doi.org/10.1186/s40854-019-0162-0

Kihombo, S., Ahmed, Z., Chen, S., Adebayo, T. S., & Kirikkaleli, D. (2021). Linking financial
development, economic growth, and ecological footprint: What is the role of technological
innovation? Environmental Science and Pollution Research, 28(43), 61235–61245.

Li, J., & Li, S. (2020). Energy investment, economic growth and carbon emissions in China—
Empirical analysis based on spatial Durbin model. Energy Policy, 140, 111425. https://doi.
org/10.1016/j.enpol.2020.111425

Li, Z.-Z., Li, R. Y. M., Malik, M. Y., Murshed, M., Khan, Z., & Umar, M. (2021).
Determinants of carbon emission in China: How good is green investment? Sustainable
Production and Consumption, 27, 392–401. https://doi.org/10.1016/j.spc.2020.11.008

Li, K., Zhou, Y., Xiao, H., Li, Z., & Shan, Y. (2021). Decoupling of economic growth from
CO2 emissions in Yangtze River Economic Belt cities. Science of the Total Environment,
775, 145927. https://doi.org/10.1016/j.scitotenv.2021.145927

Lotfalipour, M. R., Falahi, M. A., & Ashena, M. (2010). Economic growth, CO2 emissions, and
fossil fuels consumption in Iran. Energy, 35(12), 5115–5120. https://doi.org/10.1016/j.energy.
2010.08.004

Malik, M. Y., Latif, K., Khan, Z., Butt, H. D., Hussain, M., & Nadeem, M. A. (2020).
Symmetric and asymmetric impact of oil price, FDI and economic growth on carbon

16 B. FAN ET AL.

https://doi.org/10.1007/s11356-018-1753-4
https://doi.org/10.1007/s11356-018-1753-4
https://doi.org/10.1016/j.resourpol.2021.102021
https://doi.org/10.1016/j.resourpol.2021.102021
https://www.adb.org/sites/default/files/publication/176262/adbi-managing-transition-low-carbon-economy.pdf
https://www.adb.org/sites/default/files/publication/176262/adbi-managing-transition-low-carbon-economy.pdf
https://doi.org/10.1016/j.cie.2019.106207
https://doi.org/10.1108/JRF-12-2016-0159
https://doi.org/10.1016/j.resourpol.2021.102387
https://doi.org/10.1016/j.resourpol.2021.102091
https://doi.org/10.1007/s10098-019-01676-2
https://doi.org/10.1007/s10098-019-01676-2
https://doi.org/10.1007/s10668-005-0785-3
https://doi.org/10.1007/s10668-005-0785-3
https://doi.org/10.1016/j.jbankfin.2012.01.001
https://doi.org/10.1186/s40854-019-0162-0
https://doi.org/10.1016/j.enpol.2020.111425
https://doi.org/10.1016/j.enpol.2020.111425
https://doi.org/10.1016/j.spc.2020.11.008
https://doi.org/10.1016/j.scitotenv.2021.145927
https://doi.org/10.1016/j.energy.2010.08.004
https://doi.org/10.1016/j.energy.2010.08.004


emission in Pakistan: Evidence from ARDL and non-linear ARDL approach. The Science of
the Total Environment, 726, 138421.

Mesagan, E. P. (2015). Economic growth and carbon emission in Nigeria. The IUP Journal of
Applied Economics, 14(4), 61–75.

Mercan, M., & Karakaya, E. (2015). Energy consumption, economic growth and carbon emis-
sion: Dynamic panel cointegration analysis for selected OECD countries. Procedia
Economics and Finance, 23, 587–592. https://doi.org/10.1016/S2212-5671(15)00572-9

Mikayilov, J. I., Galeotti, M., & Hasanov, F. J. (2018). The impact of economic growth on CO2
emissions in Azerbaijan. Journal of Cleaner Production, 197, 1558–1572. https://doi.org/10.
1016/j.jclepro.2018.06.269

Mirza, N., Hasnaoui, J. A., Naqvi, B., & Rizvi, S. K. A. (2020). The impact of human capital
efficiency on Latin American mutual funds during Covid-19 outbreak. Swiss Journal of
Economics and Statistics, 156(1), 1–7. https://doi.org/10.1186/s41937-020-00066-6

Mirza, N., Naqvi, B., Rahat, B., & Rizvi, S. K. A. (2020). Price reaction, volatility timing and
funds’ performance during Covid-19. Finance Research Letters, 36, 101657.

Moyer, J. D., & Hughes, B. B. (2012). ICTs: Do they contribute to increased carbon emissions?
Technological Forecasting and Social Change, 79(5), 919–931. https://doi.org/10.1016/j.tech-
fore.2011.12.005

N’dri, L. M., Islam, M., & Kakinaka, M. (2021). ICT and environmental sustainability: Any dif-
ferences in developing countries? Journal of Cleaner Production, 297, 126642. https://doi.org/
10.1016/j.jclepro.2021.126642

Naderipour, A., Abdul-Malek, Z., Arshad, R. N., Kamyab, H., Chelliapan, S., Ashokkumar, V.,
& Tavalaei, J. (2021). Assessment of carbon footprint from transportation, electricity, water,
and waste generation: Towards utilisation of renewable energy sources. Clean Technologies
and Environmental Policy, 23(1), 183–201. https://doi.org/10.1007/s10098-020-02017-4

Nassiry, D. (2019). The role of fintech in unlocking green finance. Handbook of Green
Finance, 545, 315–336.

Nawaz, M. A., Hussain, M. S., Kamran, H. W., Ehsanullah, S., Maheen, R., & Shair, F. (2021).
Trilemma association of energy consumption, carbon emission, and economic growth of
BRICS and OECD regions: Quantile regression estimation. Environmental Science and
Pollution Research International, 28(13), 16014–16028.

Ozcan, B., & Apergis, N. (2018). The impact of internet use on air pollution: Evidence from
emerging countries. Environmental Science and Pollution Research International, 25(5),
4174–4189.

Ozcan, B., Tzeremes, P. G., & Tzeremes, N. G. (2020). Energy consumption, economic growth
and environmental degradation in OECD countries. Economic Modelling, 84, 203–213.
https://doi.org/10.1016/j.econmod.2019.04.010

Park, Y., Meng, F., & Baloch, M. A. (2018). The effect of ICT, financial development, growth,
and trade openness on CO 2 emissions: An empirical analysis. Environmental Science and
Pollution Research, 25(30), 30708–30719. https://doi.org/10.1007/s11356-018-3108-6

Raheem, I. D., Tiwari, A. K., & Balsalobre-Lorente, D. (2020). The role of ICT and financial
development in CO2 emissions and economic growth. Environmental Science and Pollution
Research International, 27(2), 1912–1922. https://doi.org/10.1007/s11356-019-06590-0

Ritchie, H., & Roser, M. (2019). Age Structure. OurWorldInData.org. https://ourworldindata.
org/age-structure

Sachs, A. (2014). Completeness, interconnectedness and distribution of interbank exposures—
A parameterized analysis of the stability of financial networks. Quantitative Finance, 14(9),
1677–1692. https://doi.org/10.1080/14697688.2012.749421

Sachs, J. D. (2015). The age of sustainable development. Columbia University Press.
Sachs, J. D., Woo, W. T., Yoshino, N., & Taghizadeh-Hesary, F. (2019). Importance of green

finance for achieving sustainable development goals and energy security. In Handbook of
Green Finance (pp. 3–12). Singapore: Springer.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 17

https://doi.org/10.1016/S2212-5671(15)00572-9
https://doi.org/10.1016/j.jclepro.2018.06.269
https://doi.org/10.1016/j.jclepro.2018.06.269
https://doi.org/10.1186/s41937-020-00066-6
https://doi.org/10.1016/j.techfore.2011.12.005
https://doi.org/10.1016/j.techfore.2011.12.005
https://doi.org/10.1016/j.jclepro.2021.126642
https://doi.org/10.1016/j.jclepro.2021.126642
https://doi.org/10.1007/s10098-020-02017-4
https://doi.org/10.1016/j.econmod.2019.04.010
https://doi.org/10.1007/s11356-018-3108-6
https://doi.org/10.1007/s11356-019-06590-0
https://ourworldindata.org/age-structure
https://ourworldindata.org/age-structure
https://doi.org/10.1080/14697688.2012.749421


Saidi, S., & Hammami, S. (2017). Modeling the causal linkages between transport, economic
growth and environmental degradation for 75 countries. Transportation Research Part D:
Transport and Environment, 53, 415–427. https://doi.org/10.1016/j.trd.2017.04.031

Shen, Y., Su, Z.-W., Malik, M. Y., Umar, M., Khan, Z., & Khan, M. (2021). Does green invest-
ment, financial development and natural resources rent limit carbon emissions? A provincial
panel analysis of China. The Science of the Total Environment, 755(Pt 2), 142538.

Shoaib, H. M., Rafique, M. Z., Nadeem, A. M., & Huang, S. (2020). Impact of financial devel-
opment on CO 2 emissions: A comparative analysis of developing countries (D 8) and
developed countries (G 8). Environmental Science and Pollution Research, 27(11),
12461–12475. https://doi.org/10.1007/s11356-019-06680-z

Statista. (2022). Consumer Trends 2022: A Statista trend report on the future of consumption.
https://www.statista.com/study/48106/consumer-trends-2022/

Suki, N. M., Sharif, A., Afshan, S., & Suki, N. M. (2020). Revisiting the environmental Kuznets
curve in Malaysia: The role of globalization in sustainable environment. Journal of Cleaner
Production, 264, 121669. https://doi.org/10.1016/j.jclepro.2020.121669

Su, C.-W., Naqvi, B., Shao, X.-F., Li, J.-P., & Jiao, Z. (2020). Trade and technological innov-
ation: The catalysts for climate change and way forward for COP21. Journal of
Environmental Management, 269, 110774. https://doi.org/10.1016/j.jenvman.2020.110774

Sun, Y., Duru, O. A., Razzaq, A., & Dinca, M. S. (2021). The asymmetric effect eco-innovation
and tourism towards carbon neutrality target in Turkey. Journal of Environmental
Management, 299, 113653.

Su, C.-W., Song, Y., Tao, R., & Hao, L.-N. (2020). Does political conflict affect bilateral trade
or vice versa? Evidence from Sino-U.S. relations. Economic Research-Ekonomska
Istra�zivanja, 33(1), 3238–3257. https://doi.org/10.1080/1331677X.2019.1694559

Su, C.-W., Xie, Y., Shahab, S., Faisal, C. M. N., Hafeez, M., & Qamri, G. M. (2021). Towards
achieving sustainable development: Role of technology innovation, technology adoption and
CO2 emission for BRICS. International Journal of Environmental Research and Public
Health, 18(1), 277. https://doi.org/10.3390/ijerph18010277

Tao, R., Su, C.-W., Naqvi, B., & Rizvi, S. K. A. (2022). Can Fintech development pave the way
for a transition towards low-carbon economy: A global perspective. Technological
Forecasting and Social Change, 174, 121278. https://doi.org/10.1016/j.techfore.2021.121278

Troster, V. (2018). Testing for Granger-causality in quantiles. Econometric Reviews, 37(8),
850–866. https://doi.org/10.1080/07474938.2016.1172400

Umar, M., Ji, X., Kirikkaleli, D., Shahbaz, M., & Zhou, X. (2020). Environmental cost of nat-
ural resources utilization and economic growth: Can China shift some burden through glo-
balization for sustainable development? Sustainable Development, 28(6), 1678–1688. https://
doi.org/10.1002/sd.2116

Umar, M., Mirza, N., Rizvi, S. K. A., & Naqvi, B. (2022). ESG scores and target price accuracy:
Evidence from sell-side recommendations in BRICS. International Review of Financial
Analysis, 84, 102389. https://doi.org/10.1016/j.irfa.2022.102389

Waheed, R., Sarwar, S., & Wei, C. (2019). The survey of economic growth, energy consump-
tion and carbon emission. Energy Reports, 5, 1103–1115. https://doi.org/10.1016/j.egyr.2019.
07.006

Wang, Q., Su, M., & Li, R. (2018). Toward to economic growth without emission growth: The
role of urbanization and industrialization in China and India. Journal of Cleaner Production,
205, 499–511. https://doi.org/10.1016/j.jclepro.2018.09.034

Wang, K.-H., Su, C.-W., & Umar, M. (2021). Geopolitical risk and crude oil security: A
Chinese perspective. Energy, 219, 119555. https://doi.org/10.1016/j.energy.2020.119555

Wang, Q., Zhao, M., Li, R., & Su, M. (2018). Decomposition and decoupling analysis of carbon
emissions from economic growth: A comparative study of China and the United States.
Journal of Cleaner Production, 197, 178–184. https://doi.org/10.1016/j.jclepro.2018.05.285

Weidner, S. M., Meyer, A., Chatti, S., & Kricheldorf, H. R. (2021). About the transformation
of low T m into high T m poly (l-lactide) s by annealing under the influence of transesteri-
fication catalysts. RSC Advances, 11(5), 2872–2883. https://doi.org/10.1039/D0RA10012A

18 B. FAN ET AL.

https://doi.org/10.1016/j.trd.2017.04.031
https://doi.org/10.1007/s11356-019-06680-z
https://www.statista.com/study/48106/consumer-trends-2022/
https://doi.org/10.1016/j.jclepro.2020.121669
https://doi.org/10.1016/j.jenvman.2020.110774
https://doi.org/10.1080/1331677X.2019.1694559
https://doi.org/10.3390/ijerph18010277
https://doi.org/10.1016/j.techfore.2021.121278
https://doi.org/10.1080/07474938.2016.1172400
https://doi.org/10.1002/sd.2116
https://doi.org/10.1002/sd.2116
https://doi.org/10.1016/j.irfa.2022.102389
https://doi.org/10.1016/j.egyr.2019.07.006
https://doi.org/10.1016/j.egyr.2019.07.006
https://doi.org/10.1016/j.jclepro.2018.09.034
https://doi.org/10.1016/j.energy.2020.119555
https://doi.org/10.1016/j.jclepro.2018.05.285
https://doi.org/10.1039/D0RA10012A


Withagen, C., & Vellinga, N. (2001). Endogenous growth and environmental policy. Growth
and Change, 32(1), 92–109. https://doi.org/10.1111/0017-4815.00151

Zaighum, I., Aman, A., Sharif, A., & Suleman, M. T. (2021). Do energy prices interact with
global Islamic stocks? Fresh insights from quantile ARDL approach. Resources Policy, 72,
102068. https://doi.org/10.1016/j.resourpol.2021.102068

Zameer, H., Yasmeen, H., Zafar, M. W., Waheed, A., & Sinha, A. (2020). Analyzing the associ-
ation between innovation, economic growth, and environment: Divulging the importance of
FDI and trade openness in India. Environmental Science and Pollution Research
International, 27(23), 29539–29553.

Zhang, X.-P., & Cheng, X.-M. (2009). Energy consumption, carbon emissions, and economic
growth in China. Ecological Economics, 68(10), 2706–2712. https://doi.org/10.1016/j.ecole-
con.2009.05.011

Zhang, J., & Liang, X. (2012). Promoting green ICT in China: A framework based on innov-
ation system approaches. Telecommunications Policy, 36(10–11), 997–1013. https://doi.org/
10.1016/j.telpol.2012.09.001

Zhang, C., & Liu, C. (2015). The impact of ICT industry on CO2 emissions: A regional ana-
lysis in China. Renewable and Sustainable Energy Reviews, 44, 12–19. https://doi.org/10.
1016/j.rser.2014.12.011

Zhou, N., Fridley, D., McNeil, M., Zheng, N., Ke, J., & Levine, M. (2011). China’s energy and
carbon emissions outlook to 2050. Lawrence Berkeley National Lab (LBNL).

Zhou, X., Tang, X., & Zhang, R. (2020). Impact of green finance on economic development
and environmental quality: A study based on provincial panel data from China.
Environmental Science and Pollution Research International, 27(16), 19915–19932. https://
doi.org/10.1007/s11356-020-08383-2

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 19

https://doi.org/10.1111/0017-4815.00151
https://doi.org/10.1016/j.resourpol.2021.102068
https://doi.org/10.1016/j.ecolecon.2009.05.011
https://doi.org/10.1016/j.ecolecon.2009.05.011
https://doi.org/10.1016/j.telpol.2012.09.001
https://doi.org/10.1016/j.telpol.2012.09.001
https://doi.org/10.1016/j.rser.2014.12.011
https://doi.org/10.1016/j.rser.2014.12.011
https://doi.org/10.1007/s11356-020-08383-2
https://doi.org/10.1007/s11356-020-08383-2

	Abstract
	Introduction
	Literature review
	Green investment (GI) and carbon emission (CO2)
	Information and communication technologies (ICTs) and carbon emission (CO2)
	Economic growth (EG) and carbon emission (CO2)

	Research methods
	Results and discussion
	Conclusion and policy suggestions
	Funding
	References


