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Abstract
To mitigate environmental problems and to achieve sustainability, China is striving to transition to low-carbon urban economies.
Among several significant steps, the country has made remarkable success in controlling the emissions from transportation,
buildings, and energy by shutting down or relocating several polluting industries. This study contributes to the issue of sustain-
able growth debate using time series data from China for the period 1998–2017 and empirically examines the effects of green
investment and renewable energy consumption on production-based carbon emissions for China. The strength of this study is that
it tested some new variables such as production-based carbon emissions and green investment. Using autoregressive distributed
lag model (ARDL) cointegration technique, we found that production-based emission and its determinants move together in the
long run. The study found that green investment and renewable energy consumption are both helpful in controlling production-
based carbon emissions, while trade openness increases production-based carbon emissions. Hence, green investment and
renewable energy consumption contribute to the achievement of sustainable growth. Moreover, based on a robustness check,
human capital, financial development, and environment-specific technological innovation are found to be helpful in curbing
production-based carbon emissions. Our study recommends financial technology (fin-tech), green investment, and public-private
partnership investment in renewable energy to mitigate the effect of production-based carbon emissions.

Keywords Environment-specific technological innovation . Financial technology . Green investment . Public-private
partnership . Renewable energy . China

Introduction

The achievement of sustainable growth is the primary concern
of the future of humanity, which requires strategies to reduce
greenhouse gas emissions. Carbon dioxide (CO2) emissions
are considered as one of the critical factors affecting sustain-
able growth (IPCC 2014). Since the Industrial Revolution, the
continuous increase in world output has resulted in global
environmental degradation, which is the primary concern for
countries around the globe. Moreover, an increase in human
activities puts pressure on natural resource exploitation, which
severely affects the environment (Dogan and Inglesi-Lotz
2020). Due to increasing human activities, the average tem-
peratures have increased, which ultimately lead to environ-
mental degradation (Canadell et al. 2007). Governments
around the globe have committed to work for targeting the
reduction of environmental pollution. Several agreements
have been acceded to target environmental degradation, such
as the Kyoto Protocol in 1997, and most importantly, the Paris
Climate Agreement (PCA) signed in 2015. These accords are
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considered as environmental sustainability initiatives towards
a green society. These accords aim to divert the attention of
the researchers and decision-makers to global environmental
concerns (Balogh and Jámbor 2017). The PCA accord agreed
on controlling the global temperature growth below 2 °C.
However, decisive actions to promote a low-carbon or effi-
cient energy system have not yet been taken (Sachs et al.
2019).

With a rising trend in global economic growth and carbon
emissions due to consumption and production processes, the
role of investment is critical. Mega infrastructure projects are
on the rise for most Asian countries. Hence, the role of invest-
ment in both promoting and controlling carbon emissions is of
great importance. Approximately 1.7 trillion US dollars
(USD) per year or 26 trillion USD cumulatively from 2016
to 2030 is required to eradicate poverty, promote growth, and
coup up with the challenge of climate. Based on these esti-
mates, around 14.7 trillion USD are needed for power, trans-
portation 8.4 trillion USD, telecommunication 2.3 trillion
USD, and water and sanitation required 800 billion USD,
respectively (Sachs et al. 2019). Countries are concentrating
on efficient energy systems to move towards a low-carbon
economy. The transition to a low-carbon-efficient energy sys-
tem requires green financing and pricing the externalities.
However, carbon pricing is insufficient to address environ-
mental sustainability challenges (OECD 2018). According to
IMF estimates, the level of carbon pricing does not fulfill the
requirements to mitigate the global environmental problem
(Lagarde and Gaspar 2019). Public investments in the form
of green financing play a crucial role in the abatement of
greenhouse gas (GHG) emissions and to create an efficient
energy system and robust climate markets (Mazzucato 2016).

Nevertheless, financial policies can play a vital role in
influencing how private capital is mobilized for a low-
carbon transition (Li and Long 2020). In response to environ-
mental issues, countries around the world have been using
green investments to reduce greenhouse gas emissions and
to fund the transition from high-carbon to low-carbon econo-
mies. Financial policies in the form of mobilizing the debt
capital markets are becoming more cost-competitive for a
low-carbon transition (Heine et al. 2019). To meet the increas-
ing demand for low-carbon projects, countries are required to
adopt appropriate strategies in the form of new financial in-
struments such as green bonds to address climate challenges
(Li et al. 2019).

To sum up, green investment is an indispensable strategy to
reduce carbon emissions efficiently and in achieving sustain-
able growth (Li et al. 2018). To achieve sustainability and to
finance such a massive amount of investment, the role of
multilateral development banks is vital to raise funds. To
achieve sustainability, the policy of reducing carbon emis-
sions utilizing green finance projects is essential (Noh 2010).
Sustainability can be achieved by following the concept of

green finance. Höhne et al. (2012) stated that the term green
finance in a broader context could be defined as an investment
for environmental protection to promote a sustainable econo-
my in the form of sustainable growth projects and initiatives. It
should not be limited to climate finance only as it covers
industrial pollution prevention and curbing greenhouse gas
emissions (GHGs). Even some of the researchers, such as
Zadek and Flynn (2013), used green finance interchangeably
for green investment. To finance the investment needs, the
concept of green finance can be of great help, not only ensur-
ing funds but also achieving green growth. It helps not only in
promoting environmentally friendly technology but also in
promoting financial technology (fin-tech) (Noh 2010).

Being the largest producer of industrial goods, China is one
of the leading consumers of energy and emitters of carbon,
with around 28.5% share in the total global carbon emissions
in 2018 (World Bank 2018). China’s economy is on the rise
since its economic reforms of opening ups and its accession
into the world trade organization (WTO) in 2001. In 2017,
China’s export magnitude reached to 2.41 trillion USD
(Simoes and Hidalgo 2011). In such circumstances, with ris-
ing economic growth, trade opening up with the rest of the
world, and rapid industrialization, the fear of increasing car-
bon emissions is absolute. China’s growing environmental
problems are threats to sustainable growth. Similar to the de-
veloped world, China’s role in the reduction of carbon emis-
sions is essential, upon realizing the need for a green financial
system and commitment to reducing carbon emissions
through green investment or financing, renewable energy con-
sumption, and technological innovation (Khan et al. 2019).
The implementation of a green financial system following
global attention to the sustainable growth of the economy,
society, and financial industry is the need for a scientific out-
look of the reality on development (Chen 2013). There is a
massive demand of about 1 trillion USD in green investment
projects in the country (OECD 2018). According to the
Research Bureau of the People’s Bank of China, the green
investment needs to prevent industrial pollution are estimated
to be 450 billion USD to 600 billion USD per year (Hyung
and Baral 2019)

The issue of possible determinants of environmental deg-
radation is intensively investigated in the literature with con-
tradictory empirical evidence (Holtz-Eakin and Selden 1992;
Ozturk and Acaravci 2010; Dogan and Turkekul 2016;
Moutinho et al. 2018; Dogan et al. 2019). However, there
are only a few empirical studies available on the role of green
investment in affecting environmental degradation (Noh
2010; Dikau and Volz 2019; Sachs et al. 2019). The existing
literature on the association between energy consumption and
environmental degradation is rich. The main idea behind the
positive relationship is that the increase in economic activities
leads to a rise in energy demand asmore human activities need
more energy consumption (Balogh and Jámbor 2017). In a

39608 Environ Sci Pollut Res (2020) 27:39607–39618



series of studies, GDP per capita has been considered as the
primary and core factor responsible for the emission of car-
bon, evident from the inverted U-shaped EKC hypothesis
(Kuznets 1955). After the seminal work of Kuznets (1955),
the majority of the studies concentrated on testing the validity
of the EKC hypothesis for different countries of the world
(Grossman and Krueger 1994; Frank et al. 2005; Meadows
et al. 2018). In the existing literature, traditional variables have
been considered the important determinants of environmental
degradation, such as energy consumption (York 2007; Chen
2008; Baiardi 2012 and Khan et al. 2020), GDP per capita
(Arrow et al. 1995), trade openness (Grossman and Krueger
1994; Huang et al. 2008; Lee and Chang 2009; Narayan and
Narayan 2010; Shahzad et al. 2017; Oh and Bhuyan 2018),
demographic variables (Ahmad et al. 2005; Agena 2007;
Jorgenson et al. 2010), deforestation (Duguma et al. 2019),
financial development (Zhang 2011; Shahbaz et al. 2013) fi-
nancial leverage (Rustam et al. 2019), arable land and soil
quality (Maroušek et al. 2019), eco-innovation (Li et al.
2020) and urbanization (York 2007; Zhu et al. 2012).
Shahbaz et al. (2013) identified growth in GDP, energy
consumption, and trade openness as determinants of CO2

emissions. Chen (2008) identified imports and exports in
GDP, FDI inflow, population, and proxy of the stringency of
environmental regulation for different pollutants as
determinants of CO2 emission. Baiardi (2012) found GDP
per capita, literacy rate, trade, and structural change as deter-
minants of CO2 emissions. In the literature, the industrial
structure is also considered an essential factor in CO2 emis-
sions (Mi et al. 2015). The findings of Hossain (2011) and
Michieka et al. (2013) confirm unidirectional causality from
trade openness and exports to CO2 emissions. Similarly, the
results of Al-Mulali and Sheau-Ting (2014) establish a posi-
tive association between both exports and imports with CO2

emissions. In the case of Turkey, Halicioglu (2009) found that
carbon emissions are determined by income, energy
consumption, and foreign trade. Trade is found to have a
positive association with carbon emissions. Shahbaz et al.
(2013) found that a negative association between international
trade and carbon emissions for Indonesia, as international
trade, is found to help curb CO2 emissions.

Regarding the role of renewable energy consumption in
curbing carbon emissions, extensive research has been con-
ducted in the case of different countries (Bölük and Mert
2015a; Hu et al. 2018a; Inglesi-Lotz and Dogan 2018;
Mensah et al. 2018). These authors confirmed that renewable
energy consumption helps to reduce carbon emissions. Hence,
renewable energy consumption is considered an important
determinant of carbon emissions. On the role of green finance,
sustainable development, and green investment, several stud-
ies exist (Noh 2010; Hongo 2013; Azhgaliyeva et al. 2019;
David and Venkatachalam 2019; Punzi 2019; Sachs et al.
2019). Sachs et al. (2019) focused on achieving sustainable

development goals (SDGs) through green investment and
promoting green projects. The author also stressed the need
for fostering green banking through green funds, green bonds,
and carbon market instruments. However, the major
shortcoming of this study was that it could not quantify the
extent of the effect of green investment on SDGs. Similarly, to
achieve green growth, Noh (2010) supports the need for pro-
moting green financing and green financial products through
the establishment of green financial institutions with the
utilization of green climate fund. However, this study
ignores the important role of other key factors in explaining
CO2 emissions. Further, Dikau and Volz (2019) focused on
the promotion of a development model through green financ-
ing and also the imposition of pricing of both carbon and
environmental risk via financial institutions. Another study
is based on promoting the financing of green energy projects
and managing related credit risk (Dhruba 2018). The author
considers high transaction cost with high consumer credit risk
as crucial barriers to finance distributed renewable energy sec-
tor. To ease financing for green energy projects, it is impera-
tive to improve credit information quality through financial
intermediaries and to ensure solutions for risk mitigation.

To sum up, the determinants of environmental degradation
are explained intensively. Moreover, extensive research has
already been conducted to examine the deep determinants of
CO2 emissions in the case of China (Chen 2008; Peng et al.
2018; Zhang and Zhang 2018; David and Venkatachalam
2019). However, the literature on determinants of
production-based environmental degradation is confined to
few studies (Datta 2017 and Karakaya et al. 2019).
Moreover, green investment as a determinant of environmen-
tal degradation is ignored in the literature. Few studies, such as
Li et al. (2020), have examined the green development behav-
ior and performance of industrial enterprises in China. The
literature seems to have only concentrated on traditional fac-
tors as determinants of CO2 emissions. It is imperative to
understand a comprehensive set of production-based determi-
nants of environmental degradation for China. In the case of
China, this issue is strongly needed to investigate, especially
for policy formulation. This study aims to investigate the ef-
fect of green investment in the presence of renewable energy
and trade openness on production-based carbon emissions in
the case of China for 1998–2017. This study tries to answer
the research question of what is the nature of the relationship
between green investment and production-based carbon emis-
sions in the case of China. The innovation of this study lies in
estimating an empirical model, which departs from the previ-
ous studies as this study includes green investment as a deter-
minant of environmental degradation. This study uses invest-
ment completed in industrial pollution prevention as our pri-
mary independent variable, which is referred to as a green
investment. We hypothesize that production-based carbon
emissions depend on income, green investment, renewable
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energy consumption, and trade openness. This study contrib-
utes to the existing literature by multifaceted ways. First, the
study introduces green investment as determinants of
production-based carbon emissions, which has been ignored
in the existing literature. The findings from this study are
valuable for evolving policies related to green financing and,
most importantly, CO2 emissions. Second, the current study
uses the production-based carbon emissions (TCO2PC) as a
measure to calculate CO2 emission, which is caused by do-
mestic production. Third, the current study analyzes a com-
prehensive set of production-based determinants of environ-
mental degradation for China. The empirical model of this
study departs from the previous studies. This study uses in-
vestment completed in industrial pollution prevention as our
primary independent variable, which is referred to as a green
investment.

Theoretical approach and econometric
methodology

Data classification and its sources

This study aims to investigate the effect of green investment on
production-based carbon emissions for China for 1998–2017.
The time period for this study is based on data availability.

Various proxies for measuring environmental degradation
have been proposed in the literature. In recent literature, two
approaches have been used to measure human-induced green-
house gas (GHS) emissions: production-based accounting
(PBA) and consumption-based accounting (CBA) system.
GHS is calculated by the amount of emissions by a country
during a specific period of time (IPCC 2014). The scope of
this study is limited to the emission caused by domestic pro-
duction; hence, we use production-based carbon emissions
(TCO2PC) as a measure to calculate CO2 emission. The
Intergovernmental Panel for Climate Change (IPCC) guide-
lines on CO2 emissions write reports based on production-
based CO2 emissions, which are standardly adopted interna-
tionally. Hence, this study uses production-based carbon
emissions to measure carbon emissions. PBA is indirectly
calculated from the use of fossil fuel and other relevant pro-
cesses of industry and agriculture (IPCC, 2014). The data for
TCO2PC is obtained from (Boden et al. 2009) database by
global carbon atlas (GCA) and is measured in terms of KG
CO2 per capita. Following Sachs et al. (2019), Retallack et al.
(2018), and Azhgaliyeva et al. (2019), this study introduced
green investment as a determinant of CO2 emissions. Green
investment (GIPC) data is derived from the China Statistical
Yearbook (NBS 2017). Here, the term green investment refers
to completed investment to prevent industrial pollution.
Following Mensah et al. (2018), Inglesi-Lotz and Dogan
(2018), and Hu et al. (2018), this study introduced renewable

energy consumption (RECPC) as a determinant of CO2 emis-
sions. The data on RECPC is derived from the World Bank
Database or World Development Indicator (WDI 2019).
Following Halicioglu (2009), Hossain (2011), Michieka
et al. (2013), and Al-Mulali and Sheau-Ting (2014), this study
introduced trade openness (TOPC) as a determinant of CO2

emissions. The data on TOPC is derived from theWorld Bank
Database or World Development Indicator (WDI 2019). For
robustness checks, this study uses environment-specific tech-
nological innovation (TIES), human capital, and financial de-
velopment (FD) as explanatory variables. The data on TIES is
obtained from the organization of economic cooperation de-
velopment (OECD) database, while data for human capital is
obtained from Penn World Table (PWT 9.1). The data on FD
is derived from the World Bank Database or World
Development Indicator (WDI 2019). In this study, all the var-
iables are measured in both per capita and log form.

Theoretical model

Following the Paris Climate Agreement (PCA 2016) accord,
countries around the globe are trying to invest more in
environment-friendly technology. In such a scenario, the role
of investment to control pollution from the industries and en-
suring cleaner production is critical. The role of green invest-
ment is vital to reduce carbon emissions caused by the pro-
duction processes (Datta 2017). Following Sachs et al. (2019),
Retallack et al. (2018), and Azhgaliyeva et al. (2019), this
study introduced green investment as a determinant of CO2

emissions. The expected sign based on green investment to
prevent production-based carbon emissions is negative, i.e.,

a1 ¼ ∂TCO2PCt
∂GIPCt

< 0. Similarly, the role of renewable energy

consumption (REC) is also critical to combating increasing
emissions. Renewable energy technology uses cleaner and
optimal sources of energy, which not only help to produce
with a minimum level of the waste but also are sustainable
for both current and future social and economic needs.
Therefore, REC is considered as a source of mitigating the
negative environmental impacts through a reduction in emis-
sions (Panwar et al. 2011). In the existing literature, trade
openness is considered as an important determinant of CO2

emissions (Mensah et al. 2018; Inglesi-Lotz and Dogan 2018
and Hu et al. 2018).We expect a negative impact of renewable
energy consumption on production-based carbon emissions,

i.e., a2 ¼ ∂TCO2PCt
∂RECPCt

< 0 In contrast, trade openness, which is

the sum of exports and imports divided by gross domestic
product (GDP), shows the opening up through trade
(Michieka et al. 2013). In the existing literature, trade open-
ness is considered an important determinant of CO2 emissions
(Halicioglu 2009; Hossain 2011; Michieka et al. 2013 and Al-
Mulali and Sheau-Ting 2014). Trade openness is expected to
increase production-based carbon emissions, i.e.,
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a3 ¼ ∂TCO2PCt
∂TOPCt

> 0. To investigate the impact of green invest-

ment on CO2 emissions in the presence of control variables,
the baseline equation is given as follows:

TCO2PCt ¼ a0 þ a1GIPCt þ a2RECPCt þ a3TOPCt þ εt

ð1Þ

where the subscript t indicates time period, such as from
1998 to 2017, a0, a1, a2, a3 are the parameters, and εt is the
residual or the error term. TCO2PCt is the production-based
carbon emissions. GIPC represents a green investment.
RECPC represents renewable energy consumption, and
TOPC represents trade openness.

Econometric methods

Unit root tests

To test for the unit root properties of each variable, this study
uses four different unit root tests. Augmented Dickey-Fuller
(ADF) is employed over a simple Dickey-Fuller (DF) ap-
proach because it incorporates the high-order correlated lags
for a series, and the white noise error properties εt is not vio-
lated. The test equation for ADF is as follows:

ΔZt ¼ ϑZt−1 þ x
0
tγ þ π1ΔZt−1 þ π2ΔZt−2 þ⋯:

þ πpΔZt−p þ μt ð2Þ

ADF test check the null hypothesis, i.e., H0 : ϑ = 0 while
the alternative hypothesis is H1 : ϑ < 0 by using t values, i.e.,

tϑ ¼ ϑ
SE ϑð Þð Þ, here bϑ is the estimated value of ϑ and

SE bϑ
� �� �

is the standard error. Here, the asymptotic distribu-

tion of both ϑ and SE bϑ
� �� �

is independent of the number of

first difference lags. Elliott et al. (1996) modify the ADF test
to detrend the data to take out the independent variables out of
regression before running it and also have high test power than
the ADF test. This test has higher power than the ADF test.

DFGLS approach defines a quasi-difference approach of Zd
t

depending on the values of ϑ for a specific point. The DFGLS
simple version equation is given as follows:

ΔZd
t ¼ ϑZd

t−1 þ π1Zd
t−1 þ π2Zd

t−2 þ⋯:þ πpZd
t−p þ μt ð3Þ

Since Zd
t is detrended, so here in DFGLS equation, x

0
t is not

included. To overcome the issue of serial correlation, Phillips
and Perron (1988) developed a new test based on a non-
parametric approach modifying t and ϑ coefficient based on
dickey fuller autoregressive (AR(1)) process so that the as-
ymptotic distribution is not affected by the serial correlation.
PP test also deals with the issue of heteroscedasticity in the

errors; however, there is an issue of size distortion in this test,
which is overcome by Ng and Perron (2001). Another ap-
proach based on residual from the ordinary least square
(OLS) developed by Kwiatkowski et al. (1992) is based on
the Lagrange multiplier (LM) test statistic. Similarly, Ng and

Perron (2001) test is based on GLS detrending data such as Zd
t

by modifying the Phillips and Perron (1988). Ng and Perron
(2001) solve the issue of size distortion due to high negative
moving averages identified in Phillips and Perron (1988) and
the low power of the test against the alternative hypothesis.

Autoregressive distributed lag model
This study uses the bound testing approach or

autoregressive distributed lag model (ARDL) developed by
Pesaran et al. (2001) to estimate the long-run and short-run
relationships among production-based carbon emissions and
its determinants such as green investment, renewable energy
consumption, and trade openness. This approach is used in the
case of mixed order of integration, useful for small size prop-
erties, and also solves the problem of endogeneity and auto-
correlation (Solarin et al. 2017). Moreover, ARDL provides
efficient results in the case of a small sample size. Based on
the optimum chosen lags, the long-run equation for the model
is provided as follows:

TCO2PCt ¼ a0 þ a1GIPCt þ a2RECPCt þ a3TOPCt þ εt

ð4Þ

TCO2PCt ¼ α0 þ ∑p
i¼1α1TCO2PCt−i þ ∑p

i¼0α3GIPCt−i

þ ∑p
i¼0α4RECPCt−i

þ ∑p
i¼0α5TOPCt−i þ μt

ð5Þ

Here, a0, a1, a2, & a4 show long-run parameters, p is for
optimal lags, and t for time-periods.

Moreover, the join significance of coefficients is deter-
mined by F-statistics calculated by Pesaran et al. (2001).
Upper and lower critical bound values are used for I(1) and
I(0) order of integration, respectively. The null hypothesis,
which suggests no cointegration among the variable, i.e.,
H0 = a1 = a2 = a3 = a4 = 0 and the alternative hypothesis, sug-
gests the existence of a cointegrating relationship among
production-based carbon emissions, green investment, renew-
able energy consumption, and trade openness, i.e., H1 : a1 ≠
a2 ≠ a3 ≠ a4 ≠ 0. The acceptance or rejection of null and alter-
native hypothesis is based on F-statistics value.

In the next step, the short-run association among variables
is calculated following error correction model:

ΔTCO2PCt ¼ α0 þ ∑p
i¼1α1ΔTCO2PCt−i

þ ∑p
i¼0α3ΔGIPCt−i þ ∑p

i¼0α4ΔRECPCt−i

þ ∑p
i¼0α5ΔTOPCt−i þ ηECMt−1 þ μt ð6Þ
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Equation (6) shows the short-run relationship among vari-
ables. Here, ECMt − 1 is the lagged error correction term. The
coefficient η shows the adjustment speed towards equilibrium.

For robustness checks, this study employs robust regres-
sion analysis by using FMOLS, DOLS, and canonical
cointegration regression (CCR).

Results

The purpose of the empirical investigation is to estimate the
impact of green investment on production-based carbon emis-
sions for China. Prior to estimating Eq. (1), we employed differ-
ent unit root tests to know the order of integration of variables.
The results of unit root tests (ADF, PP, DFGLS, and KPSS) for
cointegration are presented in Table 1. It is essential not only to
examine the stationarity properties of each variable but also to
know its order so that relevant econometric techniques should be

applied for further analysis. The results obtained a different order
of integration for each test. However, these differences in out-
comes are mainly due to the properties of each test mentioned in
the “Theoretical approach and econometric methodology” sec-
tion. The results suggest that except for green investment, which
is stationary at level, i.e., I(0), the rest of the variables are station-
ary at the first difference, i.e., I(1). The results confirm a mixed
order of integration for all variables. All the results are statistical-
ly significant; however, the level of significance is different for
each variable and procedure. Based on our findings, this study
cannot employ (Engle and Granger 2015) cointegration ap-
proach, which is used for bivariate analysis, and the order of
integration should be the same. Similarly, Johansen and
Juselius’s (1990) approach for cointegration cannot be applied
in the presence of a mixed order of integration. Therefore, in the
next step, this study shall use an autoregressive distributed lag
model (ARDL), which is suitable for mixed order of integration,
i.e., I(0) and I(1).

Table 1 Unit root test results

Level First difference

t-statistics t-statistics Order

Augmented Dickey-Fuller (ADF)

TCO2PC 3.189 − 1.66* I(1)

GIPC − 1.780* − I(0)

RECPC − 1.403 − 1.971** I(1)

TOPC 1.841 − 2.048** I(1)

Phillips-Perron (PP)

TCO2PC 0.526 − 1.755* I(1)

GIPC − 1.698* − I(0)

RECPC 2.479 − 1.985** I(1)

TOPC 2.920 − 2.049** I(1)

Elliott-Rothenberg-Stock DF-GLS

TCO2PC − 1.47 − 3.60*** I(1)

GIPC − 1.22 − 3.49*** I(1)

RECPC − 1.39 − 2.10** I(1)

TOPC − 1.58 − 3.48*** I(1)

Kwiatkowski-Phillips-Schmidt-Shin (KPSS)

TCO2PC 0.11 0.076*** I(1)

GIPC 0.55** − I(0)

RECPC 0.22 0.12** I(1)

TOPC 0.82 0.56** I(1)

Ng-Perron

Level First difference Order

MZa MZt MSB MPT MZa MZt MSB MPT

TCO2PC − 39.12*** − 4.25*** 0.10 1.06 - - - - I(0)

GIPC − 17.40** − 2.86** 0.17** 5.74** - - - - I(0)

RECPC − 4.30 − 1.09 0.12 3.55 − 10.12** 2.40** 0.41*** 10.15*** I(1)

TOPC − 0.55 − 0.24 0.44 14.87*** − 7.98* − 1.99** 0.24** 3.08* I(1)

*, **, and *** indicate significance levels at 10%, 5%, and 1% respectively.
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The bound testing approach results are given in Table 2. The
significant F-bound statistics and t-bound statistics values con-
firm the long-run cointegrating relationship between production-
based carbon emissions and its determinants, i.e., green invest-
ment, renewable energy consumption, and trade openness.

Since the findings confirm the cointegrating relationship
between production-based carbon emissions and its determi-
nants, the next step is to check for short-run and long-run
association among the variables presented in model 1.
Following the selected optimum lag model, short-run and
long-run results are obtained. Table 3 reveals several interest-
ing results for the effects of green investment on production-
based carbon emissions in the presence of energy consump-
tion and trade openness.

First, green investment is negatively associated with
production-based carbon emissions both in the long run and
in the short run. On average, a − 0.12% decline in the long run
and − 0.060% reduction in the short run is caused by green
investment in production-based carbon emissions. Second,
renewable energy consumption is also negatively linked with
production-based carbon emissions both in the short run and
in the long run. On average, a − 0.14% decline in the long run
and − 0.068% reduction in the short run is caused by REC in
production-based carbon emissions. Third, in contrast, trade
openness is positively associated with production-based car-
bon emissions. In the short run and the long run, on average,
0.21% and 0.43% rise is caused in production-based carbon
emissions due to a 1% increase in trade openness. Fourth, the
term ECM(−1) shows the adjustment speed towards equilib-
rium or the convergence speed towards equilibrium; this value
should be negative and significant for convergence, while
positive and significant for divergence. In this study,
ECM(−1) value is − 0.48 and highly significant, i.e., at 1%,
5%, and 10%. It suggests that around 48% of disequilibrium is
corrected every year, and it shall take approximately 2.5 years
to reach an equilibrium level.

Diagnostic test results suggest that the overall model is
significant, and data is normally distributed, with no problem
of heteroscedasticity and autocorrelation. Further, the stability

of the properties of the model is tested through cumulative
sum and cumulative sum of square tests; the results suggest
that the model is stable at 5% level of significance. The results
for cumulative sum and cumulative sum of square tests are
given in Figs. 1 and 2.

Table 4 shows results for robustness check using fully
modified ordinary least square (FMOLS), dynamic OLS
(DOLS), canonical cointegration regression (CCR), and ro-
bust regression analysis. The results found a negative

Table 2 F-statistics by Pesaran et al. (2001)

FTCO2:tPC TCO2:tPC=GFPCt0ð RECPCt0 TOPCtÞ

F-bound statistic t-bound statistics

20.09*** − 6.19***

Critical values (CV) Critical values (CV)

10% 5% 1% 10% 5% 1%

I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1)

3.008 4.15 3.71 5.018 5.333 7.063 − 2.57 − 3.46 − 2.86 − 3.78 − 3.43 − 4.37

I(0) and I(1) are for lower and upper bounds

*, **, and *** denote the 10%, 5%, and 1% significance levels, respectively

Table 3 Autoregressive distributed lag model (ARDL)

Selected model: (1, 0, 0, 0)
Model selection criteria:
Akaike information criteria (AIC) optimum lag value = − 4.936

Variables Long-run results Variables Short-run results

GIPC − 0.12***
[− 3.09]
(0.008)

ΔTCO2PC(− 1) − 0.48***
[− 6.19]
(0.000)

RECPC − 0.14***
[− 6.07]
(0.000)

ΔGIPC − 0.060***
[− 3.32]
(0.005)

TOPC 0.43***
[11.74]
(0.000)

ΔRECPC − 0.068***
[− 6.50]
(0.000)

Constant 7.82***
[7.24]
(0.000)

ΔTOPC 0.21***
[8.007]
(0.000)

ECM(− 1) − 0.48***
[− 9.87]
(0.000)

Diagnostic check

Test F-statistics (p values)

Serial correlation 1.91 (0.1897)

Heteroscedasticity 0.28 (0.8849)

Jarque-Bera normality test 3.32 (0.1895)

Adjusted R2 0.84 F-statistics 91.58*** (0.000)
Durbin-Watson 1.98

*, **, and ** are for 10%, 5%, and 1% significance levels, while [] for t-
statistics, () for p values, and Δ for short-run variables

39613Environ Sci Pollut Res (2020) 27:39607–39618



association between green investment and production-based
carbon emissions. On average, − 0.090%, − 0.12%, − 0.18%,
and − 0.12% decline is caused in production-based carbon
emissions by increasing green investment at 1%. Similarly,
renewable energy consumption is also found to be negatively
associated with production-based carbon emissions. One per-
cent rise in renewable energy consumption cause an average −
0.10%, − 0.11%, − 0.14%, and − 0.12% decline in production-
based carbon emissions. In contrast, 1% rise in trade openness
causes an average of 0.34%, 0.37%, 0.33%, and 0.38% rise in
carbon emissions from production.

Moreover, we have also included environment-specific
technological development as an independent variable to
check for its effect. The results given in Table 4 show that
technological innovation that is in line with the environment is
useful to reduce production-based carbon emissions. As inno-
vation provides a more robust approach to cleaner production
processes, it helps control emission levels. The results indicate
that a 1% increase in environment-specific technological in-
novation causes to reduce production-based carbon emissions
by − 0.011% in the case of China. Furthermore, another

variable denoting human capital is also found to be negatively
affecting production-based carbon emissions. Financial devel-
opment is also found to be supportive in controlling
production-based carbon emissions. One percent increase in
financial development causes production-based carbon emis-
sions to decline by − 0.47%. All the results are significant
following the conventional level of significance, i.e., 1%,
5%, and 10%.

Discussion

To mitigate environmental problems and to achieve sustain-
ability, China is striving to transition to low-carbon urban
economies. Among several significant steps, the country has
made remarkable success in controlling the emissions from
transportation, buildings, and energy by shutting down or
relocating several polluting industries. In the recent past, it
has been observed that China started its plan to promote the
green financial system in September 2015 following the com-
munist party of China (CPC) annual meeting. Following the
meeting, in August 2016, with approval from the state council,
commissions, Ministry of Finance, Peoples Bank of China,
and seven ministries approved the establishment of the green
financial system. The green financial policy mainly covers the
development of green credit, the establishment of green de-
velopment funds, and green bonds. To mitigate environmental
problems and to achieve sustainability, China is striving to
transition to low-carbon urban economies. This study empir-
ically examines the significance of green investment in abat-
ing production-based carbon emissions in China. The empir-
ical results found that green investment, which is investment
completed in industrial pollution prevention control, helps
curb emissions from the production sector. Hence, green in-
vestment can enable China to transit to a low-carbon, re-
source-efficient, and competitive economy. The development
of green finance based on certain conditions shall be helpful in
support of carbon capture, utilization, and storage. Carbon
capture storage or carbon capture utilization and storage
should be achieved through green finance for green energy.
These findings are in line with the outcomes of Noh (2010),
Hongo (2013), David and Venkatachalam (2019), Dikau and
Volz (2019), Punzi (2019), and Sachs et al. (2019). Their
findings focus on the promotion of green projects, green fi-
nancial institutions, green climate funds, green energy projects
through carbon pricing, and, most importantly, public-private
partnership investment for achieving low-carbon infrastruc-
ture and eventually reducing carbon emissions. Moreover,
there is a negative association between renewable energy con-
sumption and CO2 emissions both in the short run and in the
long run. These outcomes support the findings of Bölük and
Mert (2015b), Hu et al. (2018b), Inglesi-Lotz and Dogan
(2018), and Mensah et al. (2018).
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Through renewable energy sources, the existing and future
needs of energy can be fulfilled by utilizing the pure and
sustainable sources of energy, which exerts less pressure on
environmental quality. Hence, renewable energy consumption
is turning out to be one of the critical sources of curbing
carbon emissions. However, Wuester et al. (2016) argue that
to achieve benefits from renewable energy, the investment
needs would exceed 900 billion USD in 2030. According to
IRENA (2015) statistics, investment in the renewable energy
sector for China is on the rise, and since 2004, from 3 billion
USD, it reached 83.3 billion USD in 2014. Moreover, with a
continued increase in renewable energy investment, China
avoided 1494 million tonnes of carbon emissions in 2016
only. Further, in contrast, trade openness is positively associ-
ated with production-based carbon emissions. These out-
comes are similar to the findings of Halicioglu (2009),
Hossain (2011), Michieka et al. (2013), and Al-Mulali and
Sheau-Ting (2014). China is currently exporting 2.41 trillion
USD to the rest of the world, and the magnitude is rising.
Trade openness is playing a pivotal role in the rise of
production-based carbon emissions for China because a sig-
nificant portion of both exports and imports are energy-
intensive products, i.e., machine products, chemical products,
transportations, and textiles among others (Simoes and
Hidalgo 2011). Hence, this study finds that green investment,
REC, and trade openness are the important determinants of
production-based carbon emissions in China. The results of

panel cointegration techniques support our hypothesized rela-
tionship of green investment and other variables with
production-based carbon emissions.

Conclusion

This study explores the effect of renewable energy consump-
tion and green investment on production-based carbon emis-
sions in the presence of renewable energy consumption and
trade openness for the economy of China. The empirical find-
ings confirm the cointegrating relationship between
production-based carbon emissions with green investment,
renewable energy consumption, and trade openness. The the-
oretical results established a negative correlation for green
investment and renewable energy consumption with
production-based carbon emissions. However, trade openness
is found to be positively associated with carbon emissions.
Green investment is found to help control the rise in
production-based carbon emissions. Green investment is neg-
atively associated with production-based carbon emissions.
Similarly, renewable energy consumption, which is also neg-
atively linked with production-based carbon emissions, is
found to be supportive of curbing emissions from the produc-
tion sector. In contrast, trade openness is found to be harmful
to the environment as it causes an increase in carbon emissions
from the production sector. Furthermore, human capital,

Table 4 Robustness check,
including human capital,
environment-specific
technological innovation (TIES),
and financial development (FD)

Variables RR RR FMOLS DOLS CCR RR RR

GIPC − 0.090***

[− 2.22]

(0.0263)

− 0.076***

[− 3.26]

(0.001)

− 0.12***

[− 3.93]

(0.013)

− 0.18***

[− 7.62]

(0.016)

− 0.12***

[− 4.45]

(0.000)

− 0.088**

[− 2.50]

(0.022)

− 0.040*

[2.10]

(0.050)

RECPC − 0.10***

[− 4.41]

(0.000)

− 0.88**

[− 5.43]

(0.000)

− 0.11***

[− 7.50]

(0.000)

− 0.14***

[− 7.69]

(0.001)

− 0.12***

[− 7.72]

(0.000)

0.29**

[2.23]

(0.038)

− 0.67**

[2.31]

(0.031)

TOPC 0.34***

[10.58]

(0.000)

0.21***

[8.97]

(0.000)

0.37***

[16.12]

(0.000)

0.33***

[7.72]

(0.001)

0.38***

[14.84]

(0.000)

0.17***

[4.87]

(0.000)

0.46***

[3.45]

(0.000)

TIES − − 0.011***

[4.18]

(0.000)

− − − − 0.022**

[− 2.059]

(0.0394)

−

HC − − − − − − 0.32**

[2.20]

(0.042)

−

FD − − − − − − − 0.47***

[− 9.75]

(0.000)

Constant 13.19***

[9.40]

(0.000)

7.50***

[7.25]

(0.000)

13.94***

[13.76]

(0.000)

10.95***

[6.08]

(0.003)

14.31***

[13.36]

(0.000)

8.17***

[7.23]

(0.000)

7.89***

[6.57]

(0.000)

*, **, and ** are for 10%, 5%, and 1% significance levels, while [] for t-statistics and () for p values
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financial development, and environment-specific technologi-
cal innovation are negatively associated with production-
based carbon emissions.

The innovation of this study lies in estimating an empirical
model, which departs from the previous studies as this study
includes green investment as a determinant of environmental
degradation. This study uses investment completed in indus-
trial pollution prevention as our primary independent variable,
which is referred to as a green investment. The outcomes of
this study suggest that increasing green investment for infra-
structure projects and production processes shall help to curb
emissions from the production sector. Similarly, the establish-
ment of renewable energy projects through carbon pricing
control emissions. The promotion of public-private partner-
ships in renewable energy projects for the promotion of clean-
er production and sustainable growth. Lastly, a tariff on im-
ports of energy-intensive products that are harmful to the en-
vironment shall be helpful. This study contributes to the
existing literature by introducing green investment as a deter-
minant of production-based carbon emissions, which has been
ignored in the existing literature. The findings from this study
are valuable for evolving policies related to green financing
and, most importantly, CO2 emissions.

The implication for policy sequencing is to achieve sustain-
able growth, and it is imperative to limit environmental deg-
radation with rising industrial production. To limit the rise in
temperature, and to make the economy more resilient, China
must finance low-carbon transitions through green bonds. By
taking mitigation actions and financing green projects, China
has the potential to make the transition to sustainable growth
in the near future. There is a need to boost private investment
to promote environment-friendly growth, lowering carbon in
the global economy, and low-carbon transformation. These
funds should be provided to public-private investment part-
ners and also to the government. In a broader sense, green
financing is considered in both private and public green in-
vestments that would be helpful to improve energy efficiency,
environment-friendly technology, low-carbon economy, or
green growth. Hence, China should concentrate on a public
and private partnership model to improve the environmental
quality or mitigation of environmental damages. Besides, to
promote a low-carbon energy system and for revenue pur-
poses, the government should levy a carbon tax. Moreover,
there is a need for financing required for renewable energy
technology; however, for private investment, it is crucial and
capital intensive, while for the government investment, the
cost is more accessible. Loans are considered necessary for
promoting renewable energy technology.

The study is limited to examine the impact of green invest-
ment on CO2 emissions in the presence of control variables.
We explored that green investment is one of the critical deter-
minants of CO2 emissions in the case of China. The results of
the study can be generalized to other countries and regions and

times. Further research is required to identify the availability
of public finance for mitigation and climate change.
Moreover, future research is needed to investigate the impact
of green investment on production-based CO2 emissions in
the case of provinces, municipalities, and the autonomous
regions of China. This would further help to identify the avail-
ability of public finance for mitigation and climate change in
different parts of the country.
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