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Abstract
The high technology (high-tech) industry of China has gained a key strategic position in the Chinese economic goals. In this
positioning, foreign direct investment (FDI) and technological innovation have emerged as strong pillars of the high-tech
industry. However, there are growing concerns of carbon emission from this industry which is still debatable. In this context,
this study measures the effect of FDI and technology innovation on carbon emissions in the high-tech industry from 28 provinces
of China. The study uses the provincial data for China over the period 2000–2018. In addition to examining unit root properties,
structural breaks, and cointegration, this study uses quantile regression for estimating long-run relationships among study
variables. The findings reveal the negative impact of FDI on carbon emissions. Technology innovation positively impacts in
the initial three quantiles, whereas negatively impacts in the next six quantiles. These results indicate that FDI and technology
innovation have shaped the energy intensity in the high-tech industry, which causes fluctuation in carbon emissions over time.
After controlling the effects of urbanization, energy intensity, and economic growth, this study recommends that policymakers
should emphasize on the heterogeneous effects of FDI and technology-lead emissions at different quantiles during the process of
CO2 emission reduction.
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Introduction

The Paris Agreement, a worldwide agreement on global
warming and climate change, announced by the USA in
2017 that the withdrawal of the agreement caused an uproar.
As the largest developing country, China still adopts an active
and stable carbon emission reduction route1 to cope with the

unfavorable situation of high energy demand and overall
backwardness of energy technology.

In 2012, the 18th National Congress of the Communist
Party of China clearly stated that “scientific and techno-
logical innovation is strategic support for improving so-
cial productivity and comprehensive national strength and
must be placed at the core position of the overall

1 Energy Development Strategic Action Plan 2014–2020 http://www.nea.gov.
cn/2014-12/03/c_133830458.htm
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development of the country”. It is considered a major shift
in economic growth mode, changing from the traditional
labor-based and energy-resource drive to technological
innovation. The adoption of high technology (high-tech)
applicable technologies to transform and enhance the tra-
ditional production processing and modes in the industry
and achieve a green development path that simultaneously
looks at environmental performance and industrial com-
petitiveness. This national strategic plan aims to achieve a
contribution rate of science and technology more than
70% by 2020, constructing China an innovative-oriented
nation. It also makes the weak position of China’s
manufacturing at the low end of the global industrial
chain fundamentally reversed and abandons the draw-
backs of outstanding energy depletion2.

According to Romer’s new economic growth theory, tech-
nological progress and technological innovation have become
critical endogenous factors driving the growth. Energy con-
sumption also plays one role in necessary inputs for resource-
based development (Tang et al. 2016; Ahmad et al. 2016). The
same direction of change between emission and growth is also
reflected by the left side of the EKC (environmental Kuznets
curve) inverted U-shaped (Dogan and Seker 2016; Ahmad
et al. 2016). Yet, at this stage, the increase in income caused
by economic growth still promotes the technology to affect
emission reduction by indirect means such as attracting capital
investment and promoting legal regulations (Andreoni and
Levinson 2001). These theoretical assumptions have also been
discussed in several contexts in recent years, including quan-
tifying the effect of technical factors on environmental perfor-
mance and exploring the nexus causality relationship with
other critical variables such as energy consumption and eco-
nomic growth (Zheng and Walsh 2019; Khan et al. 2020b).
Moreover, China’s provincial regions show significant hetero-
geneity in economic and environmental performance (Cheong
et al. 2019). In this context, this study finds the answer of
research question that “how FDI and Technology Innovation
mitigate CO2 emissions in high-tech industries of China?”.

Technology innovation promotes the culture of research
and development (R&D) in the high-tech industry (Wei
et al. 2019). It also induces more national and foreign invest-
ment. In recent years, China’s government has announced a
series of policies to stimulate investment in high-tech indus-
tries, including expanding the entry threshold for foreign in-
vestment. The advantages of FDI spillover effects on promot-
ing growth and adopting environmental friendly technologies
will guide foreign investment into high-end manufacturing
such as high-end smart and green manufacturing (Bano et al.
2019).

Due to China’s reform and opening up, the eastern region
has taken advantage of the rise of geographical pluses, pre-
senting the features of the industry and population agglomer-
ation (Zheng and Walsh 2019). This urbanization process ac-
celeration has been the trigger of high levels of (carbon diox-
ide) CO2 emissions. As per China Statistics Yearbook onHigh
Technology Industry (2016), the high-tech industry, one cat-
alog of the manufacturing, represents different distribution
characteristics of “intensive-east and sparse-west.” In 2016,
the main business income of high-tech industries in the eastern
region accounted for 70.33%, besides the western region only
1.16%.3 The investment amount accounted for 47.24% in the
east and 17.80% in the west. The energy intensity in the east-
ern region is 0.4935 t of standard coal per 10,000 yuan, while
that in the west is 0.7202 t of standard coal per 10,000 yuan;
the eastern region bears most of the CO2 emissions with
4402.32 mt, while the western region accounts for 20.84%
of the total, only 2338.70 mt4. As China’s preferential policy
toward the western has been tilted in recent years, investment
has remarkably grown in this region, with an average annual
growth rate of around 30% in the past 5 years. The unevenness
of innovation input and environmental performance caused by
regional differences has become a factor that cannot be ig-
nored when analyzing and evaluating the role of innovation
impact. Also, it illustrates the necessity of comprehensive
analysis from the perspective of clustering.

The high-tech industry has always been the industry that
the Chinese government emphasizes is no longer a separate
development. The objective of the government has been to
update the traditional industries to new advance level through
the technology spillover and diffusion effects. Especially in
the face of the disruptive impact of high uncertainty and social
restructuring, endogenous innovation has become the engine.
As such a carrier, the high-tech industry serves as a pioneer in
adapting to the economical characteristics of the current stage
to achieve innovation driven. From this perspective,
reviewing the existing literature research, we have not found
a discussion on the impact of China’s high-tech industry in-
novation on the overall environmental performance at the re-
gional level, especially for CO2 emissions. The relationship is
also unclear; therefore, the gap exists in assessing innovations
for regional emissions and environmental policy benefits in
high-tech industries. Considering the urgent practical signifi-
cance of the development of high-tech industry, we analyzed
whether China’s high-tech industry technology innovation is
conducive to reducing regional CO2 emissions and summed
up relevant conclusions to demonstrate whether the spillover
effect of technological innovation in key industries has

2 The State Council issued the “Outline of National Innovation Driven
Development Strategy” http://www.gov.cn/xinwen/2016-05/19/content_
5074812.htm.

3 The results based on the relevant data of China Statistics Yearbook on High
Technology Industry. The yearbook has provided classifications of eastern,
central, and western regions.
4 The results based on the relevant data of China energy statistics yearbook,
China Statistical Yearbook.
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promoted the improvement of the overall industry and the
achievement of overall emission reduction targets.

The contributions of this paper are summarized as follows:
Even though an increasing number of studies have concentrat-
ed on the impact of FDI on the environment, there is still no
agreement in the area, and the effect of FDI on environmental
sustainability is still unclear. Furthermore, evidence from de-
veloping economies is insufficient. This article fills this gap in
the current literature and takes China as the focus of research
that faces extreme environmental pressure and rapid growth.
This paper uses the CO2 emission data calculated by the
Apparent Emission Accounting Approach (Shan et al. 2016)
and discusses the relationship between high-tech industry in-
novation and long-term cointegration in 28 provinces from
2000 to 2018. FDI, urbanization, and energy intensity were
included in the augmented function. Current manuscript in-
vestigates how do FDI and Technology Innovation mitigate
CO2 emissions in high-tech industries of China. Secondly, the
methodological contribution of this paper to apply second
generation panel unit root CIPS and CADF tests in the pres-
ence of cross-section dependence. The method of Westerlund
and Edgerton (2008) was used in the illustration of structural
breaks in cointegration which is ignored by previous studies.

Furthermore, the majority of previous research has used
conditional mean (CM) methods, including autoregressive
distributed lag (Sarkodie and Adams 2018), OLS (Jebli et al.
2016), fully modified OLS (Lau et al. 2019), dynamic OLS
(Dong et al. 2018), and fixed effects regression (Nassani et al.
2017). CM analyses can only provide a mean estimate of the
entire sample’s effects and cannot give a complete picture of
emissions and their main related factors. These approaches are
often unconcerned about the panel data’s heterogeneity,
which may contribute to biased findings (Destek and
Sarkodie 2019). The bootstrapped quantile regression assesses
the coefficients at various quantiles and provides a clear pic-
ture of the entire sample. In comparison to these studies, we
concentrate on the individual heterogeneity of the panel data
by using bootstrapped quantile regression from three emission
levels. Finally, this research result has significant policy im-
plications for China and contributes to current literature on
technology innovation and CO2 emissions.

Literature review

Technology innovation is an essential contributor to energy
intensity reduction (Fisher-Vanden et al. 2004) and environ-
mental quality improvement (Yu and Du 2019). The studies
on measurements of the impact of technology innovation on
environmental performance can be summarized as follows: at
the point of the process of technological innovation, the fol-
lowing are two aspects: innovation input and output. The for-
mer mainly includes R&D with indigenous self-research,

which primarily refers to innovation in specific units, such
as countries or the sectors. Some research steam recently con-
sidered R&D as an indicator of technology innovation to dis-
cuss how it works against environmental degradation (Lee
et al. 2015). We have conducted a detailed literature overview
on this area. Technology innovation is indirectly realized
through the introduction, purchase, imitation, and absorption
of the vast number of developing countries and emerging
economies. The spillover and diffusion effect of FDI and trade
cooperation have also become critical drivers for innovation
(Ahmad et al. 2016). Innovative outputs are reflected in patent
licensing and applications, new technology revenues, and spe-
cific energy-saving technology applications. In the following,
the existing research is briefly summarized, and the
contribution of this paper is highlighted again.

With a standard structure method, Kong et al. (2016) re-
vealed that high-tech industry in 25 emerging nations could
greatly enhance pulp and paper technology to minimize
energy consumption and CO2 emissions. Sgobbi et al.
(2016) used the JRC-EU-TIMESmodel to evaluate the impact
of technical progress on the use of the high-techmarine energy
sector in European countries. The results showed that marine
energy technology upgrades may obviously boost marine en-
ergy supply and reduce CO2 emissions.Wiebe (2016) has also
researched the application of high-tech in the energy industry
of European countries with the input output technique and has
discovered that the high-tech sector might increase the power
industry’s energy efficiency. This would greatly cut the ener-
gy industry’s coal use and CO2 emissions. In addition, Lee
et al. (2017) studied the influence of high-tech environmental
protection business on decrease of CO2 emissions in Asian
countries. The results demonstrated that low-carbon, green
vehicles and energy-saving technology were becoming more
and more significant for reducing CO2 emissions. McDowall
et al. (2018) examined the contribution of the emerging high-
tech energy industries to European countries’ control of the
fossil energy consumption and reduction of CO2 emissions.
Using an environmentally expanded input-output model, they
discovered that photovoltaic industry development has re-
duced the total CO2 emissions by 7%.

The widespread recognition of the new economic growth
theory has made R&D closely linked to economic growth and
environmental performance. In industries that are strictly re-
lated to energy consumption, increasing R&D investment and
proper allocation of funds are also regarded as complementing
the innovation dynamics of energy technologies that benefit
environmental conditions (Inglesi-Lotz 2017). In recent years,
Kahouli (2018) analyzed the two-way causality links between
electricity, R&D stock, CO2 emissions, and economic growth
in 18 Mediterranean economies, and the results show unidi-
rectional causality among R&D stocks and economic growth
as well as between R&D stocks and CO2 emissions. Besides,
by ordinary least square (OLS) estimation, Fernández
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Fernández et al. (2018) discussed the influence of R&D on
CO2 emission in the European Union EU (15), the USA, and
China from 1990 and 2013, respectively. R&D indicates
positive effects on carbon emissions in the EU and the USA,
yet the opposite in China. Lee andMin (2015) investigated the
link between green R&D and carbon emissions and reported
positive link of them in the Japanese manufacturing firms
during 2001–2010. Garrone and Grilli (2010) adopted a cau-
sality analysis method to explore the relationship between
public energy R&D and carbon emissions per GDP (carbon
intensity) at the country level in 13 advanced economies over
the 1980–2004 period. However, their results did not show a
significant impact on carbon emission. Zhang et al. (2017b)
estimated that the innovation resources and knowledge inno-
vation are conducive for carbon reduction in China’s 30 prov-
inces in years of 2000–2013. Similarly, Yu and Du (2019)
also discussed the impact of indigenous R&D and interregion-
al R&D on overall Industrial CO2 intensity from 1999 to
2015 at the provincial level in China. Similar studies include
but are not limited to Koçak and Ulucak (2019).

R&D activities play fundamental driving forces to energy
technology patents which widely measure the innovation per-
formance for emission abatement (Li and Lin 2016; Ponce and
Khan 2021). Therefore, a patent is also applied as an indicator
of technology innovation. Considering the availability and
statistical consistency of the data and following Ang (2009),
Tang and Tan (2013), and Samargandi (2017), we adopt the
number of patents to indicate technology innovation. Some
research discusses the environmental effect of FDI, and trade
has placed it in the context of EKC to explore the nexus
relationship between economic growth and environmental
degradation. For example, Lau et al. (2014), taking Malaysia
from 1970 to 2008, investigated the effect of FDI and trade
openness on the EKC curve in the short and long term. It is
also found that both FDI and trade lead to environmental
degradation. Also, strong evidence of bi-directional causality
exists between CO2 and economic growth and FDI and
economic growth. Sapkota and Bastola (2017) used the time
series data from 14 Latin American countries in 1980–2010 to
estimate the effects of FDI and income on pollution emissions.
The results show that the pollution haven hypothesis (PHH)
and the EKC are tenable, and the effectiveness of PHH is still
established in high- and low-income countries. Other studies
deployed causality analysis applications to discuss the impact
of FDI and trade as Sbia et al. (2014) examined the causality
between FDI, clean energy, trade openness, carbon emissions,
and energy demand in the United Arab Emirates utilizing the
VECM granger approach. Similar studies in recent years have
included Lee (2013), Baek (2016), Hille et al. (2019), and
Bano et al. (2019).

Further, urbanization is closely related to economic
growth, accompanied by the transfer of labor from primary
agriculture to industry-clustered urban. Therefore,

urbanization is also an essential factor in causing environmen-
tal pressure (Wang et al. 2016c; Parveen and Ahmad 2020).
Recently, research has focused on exploring the relationship
between urbanization and carbon emission from an
international perspective. Zhang et al. (2017a) found an
inverted U-shaped relationship between urbanization and car-
bon emissions among the OECD countries, and the inverted
point was 73.8% on urbanization. Sadorsky (2014) examined
the effects of urbanization on CO2 emissions in 16 emerging
countries during 1971–2009, and the results reflect statistical-
ly non-significant outcomes in most estimated specifications.
Similar studies include: (Martínez-Zarzoso and Maruotti
2011; Al-mulali et al. 2013) used China's provincial panel data
combined with the STIRPAT model. It is concluded from the
regional level that urbanization in the central region contrib-
utes more to the CO2 emissions than it works in the eastern
region. Similar conclusions have been supported by Wang
et al. (2016a), and it validated the relevant arguments of the
urban environmental transition theory with panel data from
1990 to 2012 in China. The results also show evidence that
the eastern region with high urbanization has a more negligi-
ble impact on energy consumption and CO2 emissions than
the western and central regions.

In summary, this article looks at China’s high-tech indus-
tries and uses patent data to explore the impact of technolog-
ical innovations in specific critical industries on overall CO2

emissions. To a certain extent, it is regarded as a positive
complement to relevant research. Simultaneously, according
to the characteristics of high-tech industry in attracting foreign
investment and industrial layout, FDI and urbanization are
introduced as significant explanatory variables in this paper,
and a comprehensive attempt is made for the environmental
benefits of investigating technology innovation.

Methodology and data

This present study examines the effect of technology and FDI
on carbon emissions by controlling China’s urbanization, en-
ergy intensity, and economic growth. Carbon emissions are
considered the main greenhouse gas responsible for global
warming, as previously indicated. Our main interest variables
are FDI and the technology innovation that affects carbon
emissions. We used patents as a technological innovation
proxy. The following long-term carbon emission model is
used in this study:

CO2 ¼ f FDI ;GDP;Urb; Tech;EIð Þ ð1Þ

The model variables are log-transformed for empirical es-
timation so that data sharpness is reduced, and variables have
improved distributional properties. The natural logarithmic
conversion helps in the removal of autocorrelation and
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heteroskedasticity problems from data. The results obtained
from log-transformed models are more robust and efficient
than those obtained from linear transformations (Majeed
et al. 2013, 2021; Xiaoman et al. 2021). The following is
the log-linear form of augmented carbon emissions:

lnCO2;it ¼ a0 þ β1lnFDIit;B2lnGDPit;β3lnUrbit

þ β4lnTechit þ β5lnEIit þ εit ð2Þ

where φ2, φ3 , φ3, and φ5 are the coefficients of foreign
direct investment (FDI), income (GDP), urbanization
(URB), technology (Tech), and energy intensity (EI).
Table 1 indicates the variables employed in this research,
along with their data sources.

Econometric methodology

We start our analysis by checking cross-sectional depen-
dence and unit root properties. Then we check the panel
cointegration with structural breaks. In the end, we employ
bootstrapped panel quantile regression to examine the long-
run associations.

Cross-sectional dependence (CD)

Before testing the stationarity properties and the long-run asso-
ciation between the variables, we incorporate a cross-sectional
dependence (CD) analysis that has been introduced by Pesaran
(2004). Because the panel data typically display CD, provinces
are interconnected at the country and regional level. If the re-
search findings do not evaluate CD, the estimation methods
would be inconsistent and bias (Phillips and Sul 2003;
Paramati et al. 2017). Thus, the CD must be examined in the
panel data. In this analysis, we used the CD test formed by
Pesaran (2004). The below equation for the CD assay is given
as:

CD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
N N−1ð Þ

s
∑
N−1

i¼1
∑
N

j¼iþ1
ρij

 !
ð3Þ

where sample size is signified by N, time is shown by T,
and ρij demonstrates the cross-sectional error correlation esti-
mation of province i and j.

Unit root tests

In the energy economics literature, the second-generation panel
unit root tests have gained popularity for the reason that the
outcomes of the first-generation unit root analysis are unreliable
in the existence of CD (Zafar et al. 2019). Thus, this research
used cross-sectional-augmented IPS and cross-sectional-
augmented ADF, also known as CIPS and CADF, to examine

the stationarity of the variables. Besides, the credibility of the
analyses improves by utilizing the appropriate unit root checks
within a panel data in the existence of CD. Pesaran (2007)
developed the following equation of the IPS cross-section aug-
mented to evaluate the unit root:

Δxit ¼ αit þ βixi;t−1 þ ρiT þ ∑
n

j¼1
θijΔxi;t− j þ εit ð4Þ

where difference operator is denoted by Δ, evaluated var-
iable shown by xi, t, individual intercept expressed by α, time
trend represented by T, and error term explained by εit. The

Table 1 Variable definition

Variables Units Processing Sources

CO2 Metric ton Total apparent CO2

emissions (Apparent
Emission
Accounting
Approach)

(Shan et al. 2016)

FDI Yuan Investment of
enterprises with
funds from
foreign-funded
(including Hong
Kong, Macau, and
Taiwan) enterprises
in high-tech. PIM
method with Fixed
asset price index is
adopted to deflate
price effects

China Trade
Foreign
Economics
Statistical
Yearbook

China Statistics
Yearbook on
High
Technology
Industry

Almanac of
China’s
Finance and
Banking

China Statistical
Yearbook of
Fixed Assets
Investment

PIM method
referred

(Lin and Du 2013)

GDP Yuan GDP deflated based on
2000, using the GDP
index for the deflator

China Statistical
Yearbook

Urbanization % The proportion of the
urban population in
total population

China Statistical
Yearbook

Patents Pieces Number of valid patents
in force (scientific
and technological
activities of
enterprises above
designated size in the
high-tech industry)

China Statistics
Yearbook on
High
Technology
Industry

Energy
intensity

tec/104yuan The ratio of total energy
consumption(coal
equivalent) to
deflated GDP

China Statistical
Yearbook

China energy
statistics
yearbook
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Schwarz Information Criterion approach defines the lag
length. For both measures, the null hypothesis is that neither
variable is stationary against the alternative hypothesis; within
a time series of panel data, at least one individual is stationary.

Panel cointegration test

Before estimating the long-term parameters, we confirm that
cointegration persists or not between the variables. As the
panel cointegration tests of the first and second generation
cannot jointly cope with structural breaks and CD, i.e.,
(McCoskey and Kao 1998); (Pedroni 2004); (Larsson et al.
2001); (Westerlund 2005); (Westerlund 2007). According to
Phillips and Sul (2003), traditional cointegration techniques
give deceptive and unreliable findings when the model en-
dures from CD and heteroscedasticity. Therefore, this article
employed the Durbin Hausman group mean (DHGM)
cointegration measure developed by Westerlund and
Edgerton (2008), an advanced method and robust not only
for CD but also incorporates multiple structural breaks.
Westerlund and Edgerton (2008) approach examine the series
through the structural break and regime shift. Westerlund and
Edgerton (2008) cointegration analysis presume that under
null hypotheses indicate no cointegration against the alterna-
tive hypothesis of long-term relationships among variables.
Thus, this analysis should first employ (Westerlund and
Edgerton 2008) the panel cointegration method before
obtaining a long-run estimate. The equation for the
(Westerlund and Edgerton 2008) cointegration analysis is de-
scribed as:

Llog Lð Þ ¼ a0−
1

2
∑
N

i¼1
Tlog σ2

i;t

� �
−

1

σ2
i;t

∑
T

t¼1
eit2

 !
ð5Þ

Quantile regression

The quantile regression (QR) technique was initially presented
by Koenker and Bassett (1978). This approach helps take
maximum advantage of the data sample to conduct regression
examination based on distinct quantile points. Therefore, QR
can also employ a conditional quantile approximation, in
which each function defines the performance of every partic-
ular aspect in the conditional probability distribution. The QR
technique has been one of the primary research directions for
econometrics in the past few years. It has been extensively
employed in economics and environmental fields (Zhu et al.
2016; Xu and Lin 2016). As a result, this analysis uses a QR
model to show the different effects of the driving factors on
the real distribution of carbon emissions by the high-tech (H-
T) industry. The standard equation for panel data assessment
is as shown in:

Y i ¼ X 0
iβθ þ μθi;0 < θ < 1 ð6Þ

Quantθ Y ijX ið Þ ¼ X iβθ ð7Þ

where y represents the independent variable, x is a vector of
the explanatory variables, and μ signifies a random distur-
bance, in which conditional quantile distribution is identical
to zero. Quantθ(Yi| Xi) implies the θth quantile of the response
variable y. The QR method helps one assess the impacts of
covariates at various positions in disseminating the indepen-
dent variables. The θth QR estimation is βθ, which is the
formula for the following equations:

min∑yi>xi
0βθjyi−xi

0
βj þ ∑yi< xi

0β 1−θð Þjyi−xi
0
βj ð8Þ

By linear programming, the above equation acquires the
solutions. A specific case of QR is the median regression
and is accessed by presuming θ 0.5. By setting diverse θ
values, we can get the various quantiles. In order to extract
the relations among the independent variables and the distinct
conditional distribution of the explanatory variables, we can
set 0.1th, 0.2th, 0.3th, 0.4th, 0.5th, 0.6th, 0.7th, 0.8th, and 90th
quantiles. We employ the bootstrap approach suggested by
Buchinsky (1995) to achieve a standard deviation of the QR
variables. Due to its consistency and robustness, QR is an
incredibly important estimation technique, particularly when
the error term is not a normal distribution and has a
heteroscedasticity problem.

Results and discussion

The empirical evaluation starts with the check of the CD in the
model. The assessment of CD has become the key focus of the
current literature. The failure to manage the CD could gener-
ate biased outcomes (Ahmed et al. 2020). The outcomes of the
CD are described in Table 2. The findings are significant at the
1% significance level and confirm the rejection of the null
hypothesis. The findings of Table 2 verify the existence of
CD. The existence of the CD allows the use of second-
generation unit root assessments to analyze the integration

Table 2 Cross-sectional dependence test results

CD-test p-value corr

lnCO2 62.23a 0.000 0.776

lnFDI 77.20 0.000 0.963

lnGDP 68.51a 0.000 0.855

Urbanization (U) 67.92a 0.000 0.847

lnPatents (P) 77.46a 0.000 0.966

Energy Intensity (EI) 76.07a 0.000 0.949

Note, a is significant at 1%, b is significant at 5%, c is significant at 10%
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order of the variables. For such a reason, CADF and CIPS
panel unit root tests are employed, and Table 3 summarizes
the findings of both tests. The CIPS test’s empirical outcomes
show that urbanization (U) and EI have a unit root at the level.
These variables have no unit root in the first difference, and
they are integrated at I (1). The CADF panel unit root test
findings reveal the existence of unit root at the level, and all
variables are stationary at the first difference.

The long-run cointegration relationship was assessed by
employing Westerlund and Edgerton cointegration technique.
The significant test statistics of τ and ϕ imply a long-term
relation between independent and dependent variables in
Table 4, no shift, level shift, and regime shift. Table 5 presents
the structural breakpoints of each province. The findings
found many structural breaks. In particular, we have observed
multiple structural break periods that are 2002, 2003, 2004,
2005, 2006, 2007, 2008, 2010, 2011, 2012, 2013, and 2014.
These breaks influence both country shocks and local shocks
for each selected province. In this study, we applied the boot-
strap QR technique to contemplate the limitation of the con-
ditional mean regression approach.

The heterogeneous effects of FDI, GDP, U, technology,
and EI on CO2 emissions are presented in Table 6 and
Fig. 1. The distribution characteristics of CO2 emissions can
be completely expressed in each quantile, and the QR can
visually show the marginal impact of the independent variable
on distinct CO2 emissions quantiles. Thus, this study presents
the QR findings of CO2 emissions in the H-T industry in
China. We selected nine representative quantiles (i.e., 0.1th,
0.2th, 0.3th, 0.4th, 0.5th, 0.6th, 0.7th, 0.8th, and 90th) to apply
the QR. The effect of FDI on carbon emission is heteroge-
neous. The regression findings in Table 5 demonstrate an
upsurge in FDI corresponds with a decrease in carbon emis-
sion. This result matches with the result of Cheng et al. (2019).
Yet again, the effects are asymmetric, and the values of the
coefficients are marginally lower at 0.1th to 0.3th quantiles
and then increase to 0.445 to 0.636 in the 04th to 06th quantile
and soar subsequently. In the beginning, the adverse effects of

FDI decrease marginally, then escalate to the 0.8th quantile,
and reduce from the 0.9th quantile. Furthermore, the coeffi-
cients are statistically significant at low emissions, medium
emissions, and high emissions. FDI inflow serves as the pool
of capital for China’s economic growth (GDP) and helps pro-
mote domestic technology through the spillover effect.

This, in essence, speeds up the growth of the economy,
which is seen as the fundamental source of growth in the
economy. China has become a significant market for FDI as
an attractive hub in the foreign investment network, even as it
has produced a globally famous “China miracle” (Zhu et al.
2019). The findings demonstrate that augmented FDI can
minimize environmental degradation, indicating the “pollu-
tion halo hypothesis.” Therefore, consistent with the halo ef-
fect, our results prove that FDI enhances environmental qual-
ity by incorporating clean technologies and skills, thus deliv-
ering significant benefits (Zhang and Zhou 2016; Doytch and
Uctum 2016; Sun et al. 2017). The practical implementation
of foreign capital is also good for sustainable government
development. So, the halo pollution hypothesis claims that
FDI offers advanced production technologies and manage-
ment expertise to developing nations, helping them achieve
sustainable and environmentally friendly production and en-
hancing global and regional environmental quality competen-
cies (Liu et al. 2017). Some research backs up the pollution
halo hypothesis (Zhang and Zhou 2016; Hao et al. 2020),
while some others have backed the pollution haven hypothesis
(Jiang 2015; Sun et al. 2017).

Technology has a significant effect in 0.1th quantile while
insignificant on 0.2th and 0.3th quantile. Further, it has a sig-
nificant effect on CO2 emission from 0.4th to 0.9th quantile in
medium and high emissions. The strongest driver for GDP is
technology. The government of China has initiated a “market
for technology” policy since the 1980s, aiming to switch to the
latest technology brought by FDI with a massive global mar-
ketplace, thereby pushing the current level of technology in
China. This finding endorses the results of Hao and Liu
(2015). Therefore, technology increases the productivity of
the resources, promotes the production and use of renewable
energy, and reduces environmental degradation (Lin and Zhu
2019; Khan et al. 2020a). The explanation why FDI can min-
imize environmental emissions by advanced technology may
be that FDI relates to the spillover impact that can be accom-
plished via workers stream, market exposition, competitive
pressures, and imitation of learning (Liu et al. 2017; Zhu
et al. 2019; Ponce et al. 2020a, b). Further, the H-T industry
attracts foreign capital, such as FDI, attracting a significant
number of skilled and professional workers, increasing labor
efficiency, and decreasing carbon emissions. At the same
time, H-T companies gather at shared locations such as elec-
tric power stations, waste treatment facilities, pollution treat-
ment, and other facilities to lessen CO2 emissions. The knowl-
edge spread of the H-T industry is advantageous to creativity

Table 3 Second-generation panel unit root tests result

CIPS CADF

Variables Level 1st difference Level 1st difference

lnCO2 −1.343 −4.178*** −2.452 −3.263***
lnFDI −1.727 −3.527*** −2.351 −3.527***
lnGDP −2.374 −3.690*** −1.947 −3.690***
Urbanization −1.889 −4.079*** −1.889 −4.079***
lnPatents −2.147 −4.377*** −2.522 −4.377***
EI −2.618b −3.015*** −2.575 −4.313***

Note, a is significant at 1%, b is significant at 5%, c is significant at 10%
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and the development and dissemination of new technology.
H-T industry congregation offers a strong external framework
for businesses to use emerging technology, new processes,
and new management techniques. H-T industries reduce
CO2 emissions by using modern resource-saving
technologies.

The execution of the reforms and opening-up strategy has
significantly supported Chinese GDP. The primary objective
of all economies is to increase GDP. Therefore, the impacts of
GDP on carbon emission in the medium and high emissions

from 0.4th to 0.8th quantiles are higher and significant than
other quantiles (Lin and Xu 2017). It indicates that GDP is a
substantial factor in increasing carbon emissions. The predict-
ed outcome is compatible with the results of Wang et al.
(2016b). The findings indicate that GDP shows a major role
in the development of carbon emissions. GDP upsurges CO2

emissions in China primarily via two channels, first, invest-
ment in fixed assets in the H-T industry. It is well established
that the three primary driving forces of GDP are fixed asset
investment, domestic demand, and exports (Xu and Lin
2017). Investment in fixed assets is the most significant factor
of GDP in China for a long time. Investment in fixed assets
consumes tons of iron and steel and cement products, con-
sumes plentiful coal, and emits large-scale carbon emissions
(Xu and Lin 2018).

The outcome of U on carbon emissions, except for 0.1 and
0.2 quantiles, is statistically significant in all other quantiles.
U effect on carbon emissions shows a growing pattern in all
listed quantities. U has a more substantial impact on carbon
emissions at the higher quantiles. For all countries, U is a
critical step in modern social growth. China’s U has grown
steadily in recent years, and the rate of U rose from 36.2
percent in 2000 to 56.1 percent in 2015. U leads to a rapid
expansion of the urban population and a rapid rise in house-
hold income. On the other hand, the growing urban popula-
tion would demand a lot of resources. On the other side,
growing incomes allow urban residents to buy and use motor
vehicles that would eventually utilize large fossil fuels and
emit many carbon emissions (Mi et al. 2016; Lin and Xu
2017;Yu et al. n.d.).

Several research scholars have utilized EI to investigate the
effect of technological advances on carbon emissions (Lin and
Xu 2017; Nathaniel and Khan 2020). EI shows an insignifi-
cant negative impact on CO2 in low emissions. It indicates that
the EI of the H-T industry is steadily decreasing with the
advancement of manufacture and energy-saving technologies
(Lin and Xu 2017). The effect of EI on carbon emissions is
positive and significant in medium and high emissions
quantiles. The positive coefficient of EI in the upper quantiles
shows that innovations for environmental conservation and
energy usage are minimal and did not perform an integral part
in lowering carbon emissions (Du et al. 2012). It is primarily
due to research and development financing and research and
development human resources investments. Improvements in

Table 4 Results of Westerlund
and Edgerton (2008)
cointegration test

No shift statistic p-
value

Level shift statistic p-
value

Regime shift statistic p-
value

LMτ −10.414 0.000 −3.730 0.000 −4.571 0.000

LMɸ −18.984 0.000 −3.476 0.000 −6.748 0.000

Models are run with a maximum number of 1 factor

Table 5 Structural breaks in cointegration

Country No shift Level shift Regime shift

Anhui 2002 2008 2008

Beijing 2002 2008 2008

Chongqing 2002 2008 2008

Fujian 2002 2014 2010

Gansu 2002 2012 2010

Guangdong 2002 2012 2012

Guangxi 2002 2011 2011

Guizhou 2002 2004 2010

Hainan 2002 2004 2004

Hebei 2002 2012 2003

Heilongjiang 2002 2013 2002

Henan 2002 2005 2006

Hubei 2002 2014 2014

Hunan 2002 2013 2014

Inner Mongolia 2002 2005 2006

Jiangsu 2002 2011 2011

Jiangxi 2002 2011 2010

Jilin 2002 2011 2010

Liaoning 2002 2014 2014

Ningxia 2002 2014 2013

Shaanxi 2002 2003 2008

Shandong 2002 2008 2008

Shanghai 2002 2008 2008

Shaanxi 2002 2008 2003

Sichuan 2002 2004 2008

Tianjin 2002 2007 2007

Yunnan 2002 2007 2007

Zhejiang 2002 2007 2007
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environmental conservation and energy use technology re-
quire a lot of investment in research and development.
Firstly, a significant gap in the funding of new products for
research and development contributes to different energy con-
sumption technologies (Ponce et al. 2020a, 2021). Any tech-
nological and scientific advancement needs large-scale sup-
port for research and development to minimize carbon emis-
sion (Filipescu et al. 2013). Figure 1 describes the impact of
independent variables on CO2 emissions is heterogeneous in
various quantiles.

Limitation

Due to data limitations, this article only looks at the connec-
tion between FDI, technological innovation, and carbon emis-
sions at the regional level. It does not employ data from cities
or industries. When using data at the city or industry level,
empirical examination of FDI, technological innovation, and
carbon emissions can be more detailed and reliable. We used
the only available data of patents to represent technology
innovation.

Table 6 Results of bootstrapped quantile regression

Low emissions Medium emissions High emissions

Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9

FDI −0.517b −0.399a −0.445a −0.445a −0.548a −0.636a −0.698a −0.951a −0.222b

GDP 0.313 0.414 0.518b 0.718a 0.883a 1.036a 1.130a 1.494a 0.987a

Urbanization 2.861 2.085 2.008b 2.309a 2.337a 2.515a 2.998a 3.513a 3.163a

Patents 0.034c 0.012 0.001 −0.001c −0.001a −0.001c −0.001a −0.059c −0.001b

EI −0.287 −0.139 −0.127 0.050c 0.065b 0.064c 0.066c 0.039 0.440b

Constant −16.894a −17.275a −18.067a −19.986a −21.388a −22.749a −23.670a −14.804a −21.228a

Note: 200 bootstraps are carried for each estimation

a is significant at 1%

b is significant at 5%

c is significant at 10%
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Fig. 1 Quantile regression plot at 95% confidence level
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Conclusion

China has become the world’s leading CO2 emitter.
Furthermore, CO2 emissions in China tend to grow due to
the country’s rapid urbanization and industrialization. As a
result, actively evolving technological innovation is an un-
avoidable option for reducing CO2 emissions now and in the
future. The majority of the current literature examines the
effect of the high-tech industry on pollution reduction from a
broad perspective. Only a few studies have examined the dif-
ferences among the various provinces of China. The current
study uses the provincial data for China over the period 2000–
2018. This study investigates the impact of technology and
FDI on emissions intensity by controlling the role of urbani-
zation, energy intensity, and economic growth in the high-tech
industry. To achieve the study objective, we perform second-
generation panel unit root and cointegration analyses to exam-
ine the stationary properties and long-run relationship between
the variables. The panel bootstrapped quantile regression is
used to estimate the varying relationships over distinct
quantiles Table 6.

The results report the negative impact of FDI on carbon emis-
sions. FDI inflows can help to build managerial and specialized
technical skills and developments in production techniques in
high-emission countries; such technologies can also be indirectly
transferred through backward or forward ties to domestic firms.
In these high-emission regions, multinational corporations will
also havemore sophisticated technologies than their competitors.
They may prefer to disseminate cleaner technology that will be
less detrimental to the environment. Therefore, a rise in FDI in
high-emission areas increases the environmental efficiency of the
regions. It shows that the halo effect hypothesis is true in China’s
high-emission provinces. We recommend carrying on FDI in-
flows in the high-tech industry.

Technology innovation has levered the economic growth
of China amid the high competition around the globe.
Technology has a positive effect on the first three quantiles,
while the next six quantiles negatively affect. Policymakers
need to focus urgently on optimizing the impact of ecological
innovation to promote the natural environment. Governments
should support technological initiatives to encourage green
policies to mitigate environmental and social problems. In
order to define green standards for innovations that can en-
hance environmental efficiency, it is also necessary to set
benchmarks. Innovation relevant to the world creates a con-
sumer forum that helps businesses to share innovations and
benefits while cultivating deep synergies.

The foregoing results have significant political ramifica-
tions. In order to speed up the construction of low-carbon
economies, the central government should adopt significant
measures to encourage the development of the high technolo-
gy industry. First, the high-tech industry has direct links to
energy consumption and CO2 emissions in high-speed trains

and new energy-powered cars, new energy, resource utiliza-
tion, and environmental protection high-tech industries. In
addition, China is now facing several obstacles in developing
a new, high-tech energy industry, such as inadequate econom-
ic policy incentives, an unsatisfactory mechanism for market
protection, and a flawed technical service system.
Governments at all levels should therefore set up specific
funds to promote new high-tech energy industries and to ad-
vise and encourage social capital to invest in new high-tech
energy companies and to encourage qualifying companies to
enter the bond market. Second, governments of all levels
should encourage and support inhabitants for the purchase,
use, and promotion of low carbon lifestyles of high technolo-
gy products. Low-carbon living signifies a lifestyle with low
CO2 emissions, cheap energy usage, and low cost. Local gov-
ernments should therefore encourage inhabitants to buy and
use solar water heaters, new energy vehicles, and public trans-
port for new energy purposes. Third, specific steps should be
taken by government to support and fund the transformation
of traditional high-tech equipment industries. The local gov-
ernments, on the one hand, should speed up high-tech indus-
trial park construction and further increase the impact of high-
tech industrial parks at the national and provincial levels in
order to alter traditional industries. On the other side, the gov-
ernment should encourage and support the use of industrial
robots, clean-fuel engines, and technology for recycling car-
bon dioxide (e.g., iron and steel, equipment, and petrochemi-
cal) to reduce energy consumption and CO2 emission levels.

Further, from the standpoint of the industrial system, the
government must progressively adapt to a transforming
industry sector with a large proportion of high-tech firms
by adjusting technological innovation. China should en-
courage the development of tertiary industry via techno-
logical innovation, FDI, and urbanization approach to
meeting the material needs of growth in the economy while
also achieving a low-carbon economy. In light of the recent
issues raised regarding the environment, the Chinese gov-
ernment should continue implementing greenfield invest-
ment and high-technology that address environmental con-
cerns. The Chinese government, in particular, should es-
tablish and enact policies that require Chinese firms to
obtain FDI to use and share environmental-friendly tech-
nologies (Zhang and Zhou 2016).

Future research may analyze this impact through other prox-
ies, which may potentially affect CO2 emissions. Similarly, the
contribution of human capital in this linkage may be analyzed
for improved recommendations. Furthermore, CO2 emissions
are just one component of human activities that have an impact
on the environment. Water, soil, biological, and climate re-
sources are all part of the ecological environment. As a consid-
eration, the effect of FDI and technological innovation on the
ecological environment, such as water and land footprints, can
be explored in the future.
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