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One of the crucial issues confronting China is high carbon dioxide (CO2)
emissions. Despite the numerous measures outlined to promote the country’s
carbon neutrality target, CO2 emissions in the nation continue to increase. This
means that more policy options are needed to help improve environmental
sustainability (ES) in the nation. Hence, examining the relationship between
financial development (FD), foreign direct investment, industrialization, and
environmental sustainability in China to provide proper recommendations to
drive the carbon neutrality agenda of the nation is deemed fitting. In attaining this
goal, time-series data from the period 1990 to 2018 is employed. According to
the results, foreign direct investment deteriorates environmental sustainability by
promoting more CO2 emissions. This validates the pollution haven hypothesis
(PHH). In addition, industrialization and financial development are not friendly to
the nation’s environmental quality. Furthermore, economic growth and
urbanization escalate environmental pollution in the nation. In addition, the
interactions between financial development and foreign direct investment and
between financial development and industrialization deteriorate the environment
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in China. Moreover, foreign direct investment and financial development have an
inverted U-shaped association with environmental degradation, but
industrialization and environmental pollution are not nonlinearly related. The
study advocated for the implementation of measures that could help advance
the carbon-neutrality targets of the nation.

KEYWORDS

foreign direct investment, industrialization, financial development, environmental
sustainability, China

1 Introduction

The Sustainable Development Goals (SDGs), which focus on
environmental sustainability (ES), have drawn attention from
around the world (Nadeem, 2023). The inclusion of
environmental sustainability in the SDGs signifies the recognition
by the international community of the relationship between
environmental concerns and social and economic advancements
(Nadeem, 2023). Environmental sustainability highlights the
necessity of pursuing an integrated and well-balanced strategy to
guarantee a sustainable future for present and future generations
(Nadeem, 2023). However, atmospheric environmental pollution
caused by excessive carbon dioxide emissions (Wang et al., 2022; Ali
et al., 2023a; b) has been the main obstacle to nations’ drive toward
environmental sustainability.

The emission of carbon into the environment affects social
production and human health and thus influences policy choices,
the mode of current economic development, future economic
development, and the global distribution of economic interest
patterns (Wang et al., 2022). Carbon emissions have escalated
and continue to escalate the world’s temperature to higher levels.
This development influenced countries to commit to the Paris
Agreement (2015) with the aim of limiting global temperature
increases to preferably 1.5°C. To accomplish this goal, countries
aimed to attain a global peak in greenhouse gas emissions as early as
possible to achieve a climate-neutral world in the mid-century.

One of the signatories to the Paris Agreement (2015) that is still
battling with climate issues is China. The RhodiumGroup’s research
indicates that in 2019, China was responsible for 27% of global
greenhouse gas emissions. This figure exceeded greenhouse gases
emitted by all developed nations combined. The US became second
with 11% of emissions, while India became third with 6.6% of
emissions. According to the report, China’s emissions were more
than three times those of the last 3 decades. According to the report,
China has the largest population in the world and lower per-person
emissions than the US, but its emissions have tripled in the past
20 years. The nationally determined contributions (NDCs), a key
component of the Paris Agreement (2015) , represent each nation’s
pledge to reduce its national emissions and prepare for the effects of
climate change. However, according to the Climate Action Tracker,
China’s NDCs are incredibly inadequate and cannot contribute to
bringing the temperature below 2°C.

At the 2021 climate summit in the US, the Chinese president
reaffirmed his country’s commitment to lowering global emissions,
reiterating that China’s position is based on the need for sustainable
development and the sense of duty to create a community with a
shared future for humanity. Meanwhile, China is heavily dependent

on coal power, which is emission-intensive. According to the
Rhodium Group’s report, the nation already operates 1,058 coal
plants, representing more than half of the global capacity. China
reaffirmed its commitment to cutting carbon emissions on
22 September 2020, during the general debate of the 75th session
of the UN General Assembly. It declared that it would aim to reach
carbon neutrality by 2060 and aim for a peak in carbon emissions by
2030. This indicates the nation’s commitment to tackling the
problem of carbon emissions (Cui et al., 2024).

Emissions in China are influenced by many macroeconomic
factors, of which foreign direct investment, industrialization, and
financial development (FD) are no exception. Based on the data
from the nation’s commerce ministry, foreign direct investment
increased by 31.7% to $59.09 billion in the first quarter of 2022. The
main sources of the above increments were South Korea, the US, and
Germany, contributing 52.8%, 27.1%, and 21.4%, respectively. Since
the reform and opening in 1978, China’s actual use of foreign direct
investment has increased from $40.7 billion to $131 billion, which is
twice the amount of foreign investment in less than 2 decades.

The gradual expansion in foreign direct investment has not only
promoted vitality in the country’s economy but has also deteriorated
the ecosystem of the nation. As reported by Hou et al. (2021), carbon
emissions in China increased from 1,182,904,870t in 1997 to
3,723,989,462t in 2018, representing more than thrice the
emissions in almost 20 years. This figure far exceeded the foreign
direct investment inflows the nation received over the same period.
The inflows of foreign direct investment into China impact its
environmental sustainability in two diverse ways. For instance, if
foreign direct investment inflows into the country are related to the
utilization of dirty energies, the rate of emissions could escalate,
leading to increased environmental pollution. This aligns with the
pollution haven hypothesis (PHH), which stipulates that
jurisdictions with lax regulations on their ecosystems serve as
hosts to polluting establishments emanating from jurisdictions
with tight environmental regulations (Levinson and Taylor, 2008;
Danish and Ahmad, 2021; Singhania and Saini, 2021). Kouton et al.
(2022), Ali et al. (2022), Amin et al. (2022), and Dada et al. (2022),
among others, validated the haven hypothesis.

Contrastingly, some foreign direct investment inflowsmay bring
capital, advanced technologies, professional knowledge, and
research and development initiatives that could enhance
environmental sustainability via emission mitigation. This
assertion is in line with the pollution halo hypothesis (PHA),
which stipulates that investing in wealthy nations helps host
countries reduce emissions because their production structures
rely on green technology as opposed to that of the host countries
(Polloni-Silva et al., 2021; Mert and Caglar, 2020; Zakia et al., 2021).
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Haq et al. (2022), Rahaman et al. (2022), Udemba and Yalçıntaş
(2021), and Pradhan et al. (2022) supported the halo hypothesis.

Moreover, China has witnessed significant economic growth in
recent times. However, this economic progress has been
accompanied by significant environmental damage (Liu and Bae,
2018), largely due to polluting industrial activities undertaken in the
nation. Currently, China is at the pinnacle of industrialization and
requires massive energy inputs to propel its economic undertakings.
However, a greater portion of the energy used to drive those
activities comes from carbon-intensive sources, leading to
environmental deterioration. Thus, despite the economic gains
China has made from its rapid industrialization, there has been
severe environmental damage emanating from that sector, which
cannot be overlooked if the nation is to accomplish its sustainable
development goals.

In addition, the literature is inconclusive on the relationship
between financial development and environmental sustainability.
Based on the available literature, financial development has both
beneficial and detrimental influences on environmental
sustainability. Development in the financial sector worsens
environmental sustainability by providing low-cost credit
facilities to households to acquire polluting products that end
up harming the environment (Ju et al., 2023). Financial sector
growth also helps industries access funds to widen their operations,
leading to more energy utilization and, therefore, more
environmental pollution (Menegaki et al., 2021). Contrastingly,
financial development helps stimulate technological innovations,
energy efficiency, green energy production, and environmentally
friendly initiatives that improve environmental quality. Amin et al.
(2022) reported that financial development reduced CO2 emissions
in China. According to the study, financial institutions that focus
on green growth by promoting eco-friendly initiatives could help
mitigate pollution in the country. Zhang’s (2011) study, on the
other hand, confirmed financial development as a driver of carbon
emissions in China.

In summary, foreign direct investment, industrialization, and
financial development significantly stimulate economic progress in
China. However, the series has the potential to escalate the nation’s
environmental pollution due to its connection with high CO2

emissions. The emissions from these factors contribute
significantly to greenhouse effects, which not only endanger the
lives and health of individuals but also undermine the nation’s
environment. However, to the best of our knowledge, no study has
investigated the contributions of financial development, foreign
direct investment, and industrialization to the carbon neutrality
target of China, taking into consideration direct, indirect, and
nonlinear effects. To attain this goal, we investigate the
connection between foreign direct investment, industrialization,
financial development, and environmental sustainability as
measured by CO2 emissions. Based on the identified research
gap, the following research questions are posed: Do foreign direct
investment, industrialization, and financial development
significantly influence environmental sustainability in China? If
so, what is the nature of the identified effect? Do foreign direct
investment, industrialization, and financial development have a
nonlinear relationship with environmental sustainability in
China? If so, what is the nature of the relationship between the
variables? Does financial development significantly moderate the

relationship between foreign direct investment, industrialization,
and environmental sustainability in China? If so, what is the nature
of the identified impact? By finding answers to these questions, we
seek to shed light on how industrialization, financial development,
and foreign direct investment influence both climate change
mitigation and sustainable development.

This study is motivated by the increasing rate of CO2 emissions
and their consequences for human health and the environment.
According to the IEA, China has emitted the largest CO2 emissions
in the world since 2007. The World Energy Statistics Yearbook 2019
(BP, 2019) reported China as the number one in global
CO2 emissions, accounting for 27.8 percent. In 2018, the nation’s
CO2 emissions totaled 10 billion tons, which was more than the
combined emissions of the US and the EU, which accounted for
5.4 billion tons and 3.5 billion tons, respectively. The increasing rate
of emissions highlights the nation’s deteriorating environmental
circumstances, signifying the need for in-depth research to develop
practical solutions to raise environmental standards in the nation.
Therefore, examining the environmental effects of foreign direct
investment, industrialization, and financial development to offer
policy options to propel the carbon neutrality ambition of the nation
is worthwhile.

Our exploration makes the following contributions to the
existing literature. First, previously conducted studies on the
relationship between foreign direct investment, industrialization,
financial development, and environmental sustainability in China
solely focused on the direct impacts of these factors on the nation’s
environmental sustainability, failing to address the interactive effects
of financial development on the relationship between foreign direct
investment, industrialization, and environmental sustainability.
This study closes this gap by investigating how financial
development moderates the association between foreign direct
investment, industrialization, and environmental sustainability in
the nation. Second, prior environmental studies in the nation
investigated only the linear connections between industrialization,
financial development, foreign direct investment, and
environmental sustainability, neglecting the nonlinear
relationship between the variables of interest. By analyzing the
nonlinear relationships between industrialization, financial
development, foreign direct investment, and environmental
sustainability, our study is viewed as innovative compared to others.

Third, by employing the fully modified ordinary least squares
(FMOLS), dynamic ordinary least squares (DOLS), and canonical
cointegrating regression (CCR) techniques to explore the elasticities
of the predictors, we seek to take into consideration
heteroscedasticity, serial correlation, and endogeneity in the
model under investigation. The reason for adopting this strategy
is that failure to recognize these factors may lead to biased regression
estimates, and if that happens, it may be impossible to determine the
true relationship between the response variable and predictors.
Hence, we view it as appropriate to use estimators that can
handle the aforementioned issues. Last, most of the research
studies on China, including those conducted by Mahadevan and
Sun (2020), Zhang et al. (2022), and Huang et al. (2019), have
focused on the predictors’ role in explaining the response variable,
neglecting the causal relationships between the variables of concern.
To make better policy decisions, we apply the Engle and Granger
(1987) test to ascertain the causal paths between the variables.
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This research offers decision-makers a more thorough and
nuanced grasp of the intricate connections between foreign direct
investment, financial development, industrialization, and
environmental sustainability, which can help them create more
viable policies that will both encourage sustainable growth and
lower emissions. We also expect the findings of this study to
enrich the existing literature and broaden the readers’
understanding of the association between the variables of
concern. Moreover, the study’s discoveries will assist
policymakers in developing efficient frameworks for monitoring
and regulating carbon emissions in the country. This will help in the
attainment of SDG 13, “Climate Action.” The study will also help
authorities increase policy options that will help promote health and
wellbeing among the citizenry (SDG 3); accessibility to modern and
sustainable energy (SDG 7); sustainable economic growth (SDG 8);
inclusive and sustainable industrialization (SDG 9); sustainable
cities and societies (SDG 11); responsible consumption and
production (SDG 12); and healthy land, forests, and
biodiversity (SDG 15).

The literature review is provided in Section 2, while the
methodology used to conduct the study is presented in Section 3.
In Section 4, the results and their discussions are presented, while the
conclusions and policy recommendations are described in Section 5.
Section 6 presents the limitations and suggestions for
future research.

2 Literature review

2.1 Nexus between foreign direct investment
and environmental sustainability

Several studies have explored the relationship between foreign
direct investment and environmental sustainability. However, the
findings are contradictory. For example, Liu et al. (2024)
investigated the influence of Chinese foreign direct investment on
46 Belt and Road countries from 2005 to 2018. From the
Driscoll–Kraay econometric estimates, the pollution halo and
haven hypotheses were confirmed for nations in Panels A and B,
respectively. These findings are vital; however, they should be
interpreted with caution because the study was limited to only
Chinese foreign direct investment. If investments from other
foreign sources were taken into consideration, the outcome might
be different. Wang et al. (2024) studied the effect of foreign direct
investment on carbon emission reduction performance in China.
Based on the estimates, improvements in the quality of foreign direct
investment positively impacted regional energy-carbon emission
performance in the country. In addition, the optimization of
industrial structure, advancement in green innovations, and
development in clean energy positively influenced the
relationship between foreign direct investment and the nation’s
energy-carbon emission performance. This study was confined to
only China. The results cannot be generalized to all economies
because if the analysis had been expanded to cover more nations, the
outcome might vary.

Famanta et al. (2024) investigated the relationship between
green foreign direct investment and environmental quality in
34 less-developed countries from 2003 to 2021. From the results,

green foreign direct investment enhanced environmental quality as
measured by the load capacity factor. The study was limited to only
green foreign direct investment. This implies that if other foreign
direct investments were to be incorporated into the analysis, the
outcome might be different. Hence, the interpretation of the results
warrants some caution. Baskurt et al. (2022) studied various income
groups by employing the pooled mean group (PMG) and the
PARDL techniques. It was revealed that foreign direct investment
had a positive connection with the ecological footprint (EF),
validating the PHH hypothesis. However, the discoveries were
sensitive to the differences in the income groups of the countries.
Huang et al. (2019) studied G20 economies from 1996 to 2018.
Based on the estimates, foreign direct investment increased
environmental pollution in the countries.

Dormean et al. (2022) analyzed the linkage between foreign
direct investment and environmental sustainability in European
Union member countries. From the results, a sound business
environment that catered to environmental sustainability had the
chance of attracting more foreign direct investment inflows,
particularly for developed nations. Sattar et al. (2022) reported
that China’s outward direct investment deteriorated
environmental sustainability by 9.9%. Ali et al. (2022) conducted
a study on Brazil, Russia, India, China, and South Africa (BRICS)
economies and found that foreign direct investment is harmful to
environmental sustainability. Haq et al. (2022) studied the
predictors of carbon emissions in Pakistan and discovered
foreign direct investment to support the nation’s environmental
sustainability. Rahaman et al. (2022) studied the foreign direct
investment and environmental sustainability linkage in
Bangladesh from 1990 to 2019. From the discoveries of the
study, foreign direct investment improved environmental
sustainability in the short run but deteriorated environmental
sustainability over the long run.

Abdo et al. (2022) employed the spatial econometric approach to
study 51 Belt and Road Initiative (BRI) economies from 1992 to
2012. Based on the estimates, foreign direct investment had a
positive direct and spillover effect on greenhouse gas emissions.
Ali et al. (2023c) found that foreign direct investment improved
environmental sustainability in G20 nations. Tanveer et al. (2022)
studied Pakistan from 1975 to 2014. The discoveries from the study
affirmed foreign direct investment as beneficial to the nation’s
environmental sustainability. From 1971 to 2015, Kouton et al.
(2022) researched Côte d’Ivoire and found a positive affiliation
between foreign direct investment and environmental deterioration.
Shah et al. (2022) investigated low-income countries from 2000 to
2020. Based on the estimates, foreign direct investment degraded the
nation’s environmental sustainability. Pradhan et al. (2022)
investigated the foreign direct investment and environmental
sustainability nexus in BRICS from 1992 to 2014. Based on the
findings, foreign direct investment improved the nation’s
environmental sustainability. Soto (2024) proposed the utilization
of more foreign direct investment to help reduce the dependency on
polluting fuels. Amin et al. (2022) discovered that foreign direct
investment damaged the ecosystem of China. Khan (2023)
investigated the effects of foreign direct investment on economic
growth, a key determinant of environmental sustainability. Based on
the results, foreign direct investment promoted economic
development in the United Kingdom (UK) after Brexit. Dada
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et al. (2022) adopted the ARDL technique to study Nigeria and
found foreign direct investment to contribute to environmental
pollution in the country. Arogundade et al. (2022) analyzed the
spatial effect of foreign direct investment on environmental
sustainability in Africa. The discoveries revealed a substantial
spatial spillover of foreign direct investment in enhancing
environmental sustainability in the region.

2.2 Nexus between industrialization and
environmental sustainability

The association between industrialization and environmental
sustainability has also been explored expansively. However, the
discoveries are inconclusive. For example, Aquilas et al. (2024)
investigated the relationship between industrialization and
environmental sustainability in 46 African economies from
2000 to 2022. From the generalized least squares and the robust
panel fixed effects regression estimates of the study,
industrialization, proxied by values added in manufacturing,
worsened environmental quality in the nations. However, the
interaction between renewable energy and industrialization
improved the nations’ environmental quality. The findings are
very vital; however, they cannot be generalized to all economies
in Africa because the study was confined to only 46 nations. If other
countries were to be factored into the analysis, the outcome might
be different.

Mehmood et al. (2024) analyzed the role of green industrial
transformation in mitigating carbon emissions in Pakistan.
According to the results, industrial greening reduced carbon
emissions in the country. Although the outcome of the study is
very essential, care should be taken in its interpretation because the
analysis was conducted only in Pakistan. The inclusion of other
nations in the study could result in different discoveries. Nkemgha
et al. (2024) examined the connection between industrialization and
environmental quality in 24 sub-Saharan African countries.
According to the system generalized method of moment (GMM)
estimates from the study, industry value added and manufacturing
value added adversely affected environmental quality in the nation.
The study employed only the GMMmethodology for the parameter
estimates. This implies that care should be taken in interpreting the
results because if other econometric methods were to be employed,
the outcome could be different.

Elfaki et al. (2022) investigated the industrialization and
environmental sustainability nexus in ASEAN + 3 economies.
According to the estimates, industrialization promoted
environmental sustainability in economies. In addition, causation
from environmental pollution to industrialization was discovered.
Dagar et al. (2022) studied OECD economies from 1995 to 2019.
From the GMM estimates of the study, industrialization degraded
the ecosystems of the nations. Khan and Imran (2023) conducted a
study on Europe and Central Asia. From the results,
industrialization worsened environmental sustainability by
promoting more pollutant emissions. Imran et al. (2023) revealed
that cement production industries degraded environmental
sustainability by promoting pollutant emissions.

Kahouli et al. (2022) conducted research on Saudi Arabia and
disclosed a bilateral relation between industrialization and pollutant

emissions. Appiah et al. (2019) employed the ARDL approach to
study Uganda and found industrialization detrimental to the
nation’s ecosystem. This discovery aligns with that of Ahmed
et al. (2022) for 55 Asia–Pacific economies. Azam and Raza
(2022) investigated 125 economies and affirmed that
industrialization is detrimental to environmental sustainability in
the full sample of developed countries but found it insignificant in
developing economies. In Liu et al.’s (2022) study on 21 European
economies, financial development (FD) was found to be detrimental
to ES. In Tanzania, Byaro et al. (2022) discovered industrialization to
be damaging to environmental sustainability in the short term but
immaterial over the long term. Lee et al. (2022) studied
99 economies and discovered industrialization to be harmful to
ecological quality in almost all the quantiles.

Sikder et al. (2022) investigated the determinants of
environmental sustainability in 23 developing economies and
reported that industrialization deteriorated environmental
sustainability by 0.54%. As reported by Li and Ma (2024),
China’s construction industry played a key role in achieving the
‘double carbon’ goal of the nation. Ahmad et al. (2022) studied the
predictors of environmental sustainability in 31 Chinese provinces
from 1995 to 2017. The pooled mean group (PMG) model,
supported by the fully modified ordinary least squares (FMOLS)
estimator, was used to compute the elasticity coefficients of the
regressors. According to the results, industrialization improved
environmental sustainability in both the short and long periods.
Ali et al. (2023d) found that industrialization worsened
environmental sustainability in European Union economies.

Mentel et al. (2022) studied the association between
industrialization and environmental sustainability in 44 sub-
Saharan African countries over the period 2000–2015. Employing
the system GMM technique, industrialization improved
environmental sustainability in the first model but was
insignificant in the other two models. Usman and Balsalobre-
Lorente (2022) investigated the association between
industrialization and environmental sustainability in newly
industrialized economies. The study confirmed industrialization
as damaging to the environment of the economies.

2.3 Nexus between financial development
and environmental sustainability

Numerous investigations have been conducted into the
connection between financial development and environmental
sustainability. The discoveries are, however, contradictory. For
instance, Nguyen et al. (2024) investigated the relationship
between financial development and environmental sustainability
in developing countries from 1990 to 2020. Based on the GMM
regression technique, more-developed financial systems enhanced
environmental sustainability in the nations. This finding is vital, but
it cannot be generalized to all economies because the study was
limited to only some selected developing nations. If the analysis had
been expanded to include other economies, the outcome might have
been different. Nathaniel et al. (2024) employed the dynamic ARDL
(DARDL) simulation technique to examine the association between
financial development and environmental sustainability in
Bangladesh. According to the results, development in the
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financial sector enhanced environmental sustainability bymitigating
the country’s ecological footprint. In addition, causality from
financial development to ecological footprint was observed. The
study adopted the DARDL technique to estimate the coefficients of
the predictors. Interpretation of the findings warrants some caution
because if other econometric techniques were to be considered, the
outcome might be different.

Prempeh (2024) studied the financial development–environmental
sustainability connection in 10 ECOWAS countries from 1990 to 2019.
According to the Driscoll–Kraay and panel quantile regression
techniques, financial development improved environmental quality
in the economies. Although this finding is very essential, it cannot
be generalized to all economies because the study was confined to only
10 nations in the ECOWAS region. If other countries were to be
considered for the analysis, the outcome might be different. Nurgazina
et al. (2022) studied the relationship between financial development and
environmental sustainability in China and found an immaterial
association between them. In four South Asian economies, Pata
et al. (2022) confirmed financial development as detrimental to
environmental sustainability. Geyikci et al. (2022) affirmed financial
development as an agent of environmental pollution in 13 developing
nations. Elfaki et al. (2022) researched eight ASEAN + 3 economies and
confirmed financial development as a promoter of environmental
sustainability. In addition, financial development and environmental
pollution were not causally related.

Appiah et al. (2024) reported that environmental pollution via
natural resource overexploitation has repercussions on the financial
development of OECD economies. Ofori et al. (2023) discovered
mixed effects of financial development on environmental
sustainability in BRICS, MINT, and G7 economies. Zhang et al.
(2022) found that financial development promoted environmental
deterioration in developing economies. Nazir (2023) indicated that
the development of the financial sector helped promote the
utilization of environmentally friendly energy in Pakistan. Wang
et al. (2022) researched on N-11 economies and discovered that the
interaction between financial development and renewable energy
mitigated carbon emissions. Moreover, the bidirectional causality
between financial development and environmental pollution was
disclosed. Saqib (2022) investigated 63 emerging economies and
revealed a negative connection between financial development and
environmental pollution. In addition, a two-way causality between
financial development and environmental degradation was
observed. In Latif et al.’s (2023) investigation of RCEP
economies, financial development was found to be damaging to
environmental sustainability. In addition, feedback causality
between the variables was observed.

In BRICS economies, Ojekemi et al. (2022) disclosed a trivial
relationship between financial development and environmental
sustainability. In addition, there was no causality between the
variables in the countries. Radmehr et al. (2022) researched
62 economies over the period 1995–2016. From the results,
financial development had a major influence on environmental
sustainability by promoting sustainable economic development.
Opuala et al.’s (2022) exploration of West Africa reported
financial development to be harmful to environmental
sustainability. Weili et al. (2022) reported that financial
development deteriorated environmental sustainability in the Belt
and Road economies. Shah et al. (2022) documented financial

development as damaging to environmental sustainability. This
aligns with the study of Usman et al. (2022). Finally,
Ehigiamusoe et al. (2022) discovered a tenuous U-shaped
connection between financial development and carbon emissions
but not with the ecological footprint.

2.4 Research gap

From the literature reviews, the nexuses between financial
development, foreign direct investment, industrialization, and
environmental sustainability have yielded varied conclusions.
Although some studies confirmed financial development, foreign
direct investment, and industrialization to be detrimental to
environmental sustainability, others affirmed them as friendly to
the environment. These conflicting results might be due to the
differences in variable selection, methodology, geographical
locations, and timeframe, implying that the argument on the
relationship between the variables is far from over and warrants
further studies like ours. Moreover, a thorough scrutiny of the
literature has confirmed that prior explorations on the
connection between financial development, foreign direct
investment, industrialization, and environmental sustainability
only examined the direct effects without examining how financial
development influences environmental sustainability through
foreign direct investment and industrialization.

Moreover, prior studies only explored the linear relationships
between foreign direct investment, financial development,
industrialization, and environmental sustainability without examining
whether these relationships are nonlinearly related to a sustainable
environment or not. This study fills the gaps above by first examining
the direct effects of foreign direct investment, financial development, and
industrialization on environmental sustainability. The study also
examines the moderating effects of financial development on the
relationship between foreign direct investment, industrialization, and
environmental sustainability. Finally, the nonlinear relationship between
financial development, foreign direct investment, industrialization, and
environmental sustainability is explored. To accomplish these objectives,
the following hypotheses are developed for testing:

H1. Foreign direct investment, industrialization, and financial
development harm environmental sustainability in the nation.

H2. The interaction between financial development and foreign
direct investment deteriorates environmental sustainability
in the country.

H3. The interaction between financial development and
industrialization harms ecological safety in the nation.

H4. Foreign direct investment, industrialization, and financial
development have a non-linear association with environmental
sustainability in the country.

3 Materials and methods

3.1 Data source

Time-series data on China from 1990 to 2018 are used for the
study. The study data are dependent on the availability of data on the

Frontiers in Environmental Science frontiersin.org06

Yan et al. 10.3389/fenvs.2024.1342612

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1342612


variables of concern. In the study, environmental sustainability is the
response variable that proxies CO2 emissions, while foreign direct
investment, industrialization, and financial development are the
main predictors. To cater to the consequences of model
misspecifications, the study controls for urbanization and
economic growth. CO2 emissions are measured in metric tons
per capita, while foreign direct investment is measured by net
inflows as a percentage of GDP. In addition, industrialization is
measured by industry (including construction) value added
(constant 2010 US$), while financial development is measured by
domestic credit to the private sector by banks (% of GDP). Finally,
economic growth is measured by GDP per capita (constant
2015 US$), while urbanization is measured by urban population
(% of the total population). The SDGs formed the basis for the
choice of the analyzed series. Further details on the variables are
displayed in Table 1.

3.2 Model specification and theoretical
underpinning

Several studies have been conducted on the association between
macroeconomic factors and environmental quality by academicians
from different geographical environments. These studies are
pertinent because they offer policy options to help economies
attain the carbon neutrality target. Despite the countless
investigations on the predictors of environmental quality, limited
studies have examined the contributions of foreign direct
investment, industrialization, and financial development to
meeting China’s carbon neutrality target. This study is, therefore,
undertaken to help patch that void. To achieve this goal, the
following baseline model is formulated for estimation:

lnCO2t � α0 + β1lnFDIt + β2lnINDt + β3lnFDt + β4lnGDPt

+ β5lnURBt + μt, (1)

where CO2 emissions are the criterion variable representing ES,
while foreign direct investment (FDI), industrialization (IND), and
financial development (FD) are the main determinants of concern. In
addition, economic growth (GDP) and urbanization (URB) are used
as control variables, while β1, β2, β3, β4, and β5 are the coefficients of
the predictors. In addition, t represents the study period, while the
error and constant terms are denoted by μ and α0, respectively. All
series in Eq. 1 are converted into logarithms to help yield valid
outcomes. Expectedly, β1 could be positive ( β1 � ∂lnCO2t

∂lnFDIt
> 0) if

foreign direct investment inflows into the country promote
carbon-intensive activities that could harm the nations’
environmental sustainability (Chaouachi and Balsalobre-Lorente,
2022; Kouton et al., 2022). Otherwise, β1 could be negative ( β1 �
∂lnCO2t
∂lnFDIt < 0) if foreign direct investment promotes innovative
technologies, energy efficiency, renewable energy production, and
research and development initiatives that boost environmental
sustainability (Rahaman et al., 2022; Udemba et al., 2022). We
expect β2 to be positive ( β2 � ∂lnCO2t

∂lnINDt
> 0) if industrialization is

linked to the utilization of energies that are not friendly to the
environment. In addition, if industrialization promotes economic
activities that are environmentally harmful, the quality of the
nation’s environment could be harmed (Ahmed et al., 2022;
Kahouli et al., 2022). Contrastingly, β2 could be negative ( β2 �
∂lnCO2t
∂lnINDt

< 0) if industrialization is connected to the consumption of
energies that are friendly to the environment. Similarly, if
industrialization stimulates economic activities that are eco-
friendly, nations’ ES could be improved (Elfaki et al., 2022; Azam
and Raza, 2022). Moreover, financial development helps households
obtain low-cost loans to buy carbon-intensive items that end up
polluting the environment. Well-developed financial systems also
help entities obtain funding to expand their production, leading to
high energy consumption and, therefore, more pollutant emissions. In
contrast, financial development helps fund investments in green
energy generation, energy efficiency, and green technological
innovations. This aids in promoting environmental sustainability
through low emissions. With reference to the above premise, we
expect the coefficient of financial development to be either positive
( β3 � ∂lnCO2t

∂lnFDt
> 0) or negative ( β3 � ∂lnCO2t

∂lnFDt
< 0), supporting Geyikci

et al. (2022) and Saqib (2022), respectively. In addition, β4 could be
positive ( β4 � ∂lnCO2t

∂lnGDPt
> 0) if economic advancement activities

executed in the country lead to environmental pollution, due to
their heavy reliance on dirty energies (Rehman et al., 2022; Usman
et al., 2022; Shayanmehr et al., 2023; Sheema, 2023). However, if
economic advancement activities undertaken in the country are
beneficial to the environment, the parameter of the variables could
be negative ( β4 � ∂lnCO2t

∂lnGDPt
< 0), supporting the explorations of Ceretta

and Vieira (2021) and Aye and Edoja (2017). Finally, β5 could be
positive ( β5 � ∂lnCO2t

∂lnURBt
> 0) if urbanization increases the level of

activities that can harm the nation’s environment (Amin et al.,
2022; Sahoo et al., 2022). Otherwise, urbanization could possess a
negative coefficient ( β5 � ∂lnCO2t

∂lnURBt
< 0) if it promotes environmentally

friendly activities (Salim et al., 2017; Hashmi et al., 2021).
Moreover, several studies have proven that financial

development has a major influence on industrialization and

TABLE 1 Variable description and measurement units.

Variable Measurement unit Source

Environmental sustainability (CO2 emissions) Metric tons per capita WDI

Foreign direct investment (FDI) Net inflows (% of GDP) WDI

Industrialization (IND) Industry (including construction) value added (constant 2010 US$) WDI

Financial development (FD) Domestic credit to private sector by banks (% of GDP)

Economic growth (GDP) GDP per capita (constant 2015 US$) WDI

Urbanization (URB) Urban population (% of the total population) WDI
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foreign direct investment. If this assumption holds, then the
interaction between financial development and these variables
can have a major effect on environmental sustainability. To test
whether this assumption holds for China, the interactive terms
between financial development and foreign direct investment
(FD*FDI) and between financial development and
industrialization (FD*IND) are incorporated into the baseline
model, resulting in the following specification.

lnCO2t � α0 + β1lnFDIt + β2lnINDt + β3lnFDt + β4lnGDPt

+ β5lnURBt + δ1 ln FD*FDI( )t + δ2 ln FD*IND( )t + μt,

(2)
where δ1 and δ2 are coefficients of interactive terms FD*FDI and

FD*IND, respectively. Differentiating Eq. 2 with respect to financial
development leads to the following marginal effects:

∂lnCO2t

∂lnFDt
� β3 + δ1lnFDIt, (2a)

∂lnCO2t

∂lnFDt
� β3 + δ2lnINDt. (2b)

The focus is on the sign and materiality of the parameters (for
instance, β3 and δ1). A positive marginal effect (β3 + δ1lnFDIt)
indicates that an increase in financial development and foreign
direct investment leads to an increase in environmental pollution,
while a negative sign suggests that an increase in financial
development and industrialization leads to a decrease in
environmental degradation.

To examine whether foreign direct investment, industrialization,
and financial development are nonlinearly related to CO2 emissions,
the baseline framework is augmented with the square terms of
foreign direct investment (FDI2), industrialization (IND2), and
financial development (FD2), resulting in the following model:

lnCO2t � α0 + β1lnFDIt + β2lnINDt + β3lnFDt + β4lnGDPt

+ β5lnURBt + φ1lnFDI2t + φ2lnIND2
t + φ3lnFD

2
t + μt,

(3)
where φ1,φ2 , and φ3 are parameters of FDI2, IND2, and FD2,

respectively. Before foreign direct investment, industrialization, and
financial development could be nonlinearly related to CO2

emissions, the coefficients of the variables and their square terms
must be significantly different. The association is U-shaped if β1, β2,
and β3 are less than zero (β1, β2, and β3 < 0) and φ1,φ2 and φ3 are
greater than zero (φ1,φ2 ,φ3 > 0). In contrast, the association is
inverted U-shaped if β1, β2, and β3 are greater than zero (β1, β2, β3 >
0) and φ1,φ2 and φ3 are less than zero (φ1,φ2 ,φ3 < 0). Based on Eq.
(3), the threshold level could be computed as

∂lnCO2t

∂lnFDIt
� β1 + 2φ1lnFDIt, (3a)

∂lnCO2t

∂lnINDt
� β2 + 2φ2lnINDt, (3b)

∂lnCO2t

∂lnFDt
� β3 + 2φ3lnFDt. (3c)

Setting Eqs 3a–3c to zero, the turning points of the variables are
obtained as

lnFDIit � −β1
2φ1

, (3d)

lnINDit � −β2
2φ2

, (3e)

lnFDit � −β3
2φ3

. (3f )

3.3 Econometric strategy

A four-step analytical process is used in conducting this
research. First, the augmented Dickey–Fuller (ADF),
Phillips–Perron (PP), Kwiatkowski–Phillips–Schmidt–Shin (KPSS),
and Elliot Rothenberg and Stock (ERS) unit root tests were performed
to study the integration order of the variables. Next, the Hatemi-J
(2008) cointegration test was performed to examine whether the series
share a long-term cointegration association or not. The above
approach is superior to other conventional approaches in that it
considers structural breaks in datasets.

After confirming cointegration among the variables, the
parameters of the regressors are first explored via the FMOLS
technique of Phillips and Moon (1988). To test the sensitivity
(robustness) of the FMOLS results, the DOLS and CCR estimates
are computed at the next stage. The FMOLS and DOLS techniques
are engaged because of their resilience to small sample bias,
heteroscedasticity, and serial correlation (Funk and Strauss, 2000;
Kiefer and Vogelsang, 2005; Sulaiman and Abddul-Rahim, 2018). As
reported by Sulaiman and Abddul-Rahim (2018), the above
estimators can still be used even if series are not of the same
integration order. Endogeneity is a serious issue in regression
analysis, and the DOLS approach is vigorous toward it.
According to Montalvo (1995), the CCR technique exhibits less
bias and is therefore better than other econometric methods like the
OLS and FMOLS. Following Pedroni (2001), the ensuing FMOLS
specification is developed for estimation.

lnCO2t � α0 + β1FDIt + ∑
Ki

k�−Ki

γikΔFDIt−k + β2INDt

+ ∑
Ki

k�−Ki

γikΔINDt−k + β3FDt + ∑
Ki

k�−Ki

γikΔFDt−k + β4GDPt

+ ∑
Ki

k�−Ki

γikΔGDPt−k + β5URBt + ∑
Ki

k�−Ki

γikΔURBt−k + μt.

(4)

In the above model, lnFDIt, lnINDt, lnFDt, lnGDPt, and
lnURBt are cointegrated with coefficients β1, β2, β3, β4, and β5.
The DOLS model in Eq. 4 is formulated for estimation, which is
in line with Kao and Chiang (2001).

lnCO2t � α0 + β1FDIt + β2INDt + β3FDt + β4GDPt + β5URBt

+ ∑
i�1

i�−1
ψiΔFDIt + ∑

i�m

i�−m
βiINDt + ∑

i�n

i�−n
πiINDt

+ ∑
i�o

i�−o
φiΔGDPt + ∑

i�p

i�−p
ϕiΔURBt + μt,

(5)
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where the leads and lags are i, m, n, o, and p, which are used to
account for serial correlation and endogeneity. The above techniques
differ fromZaman’s (2023) cross-panel data approach, which fits the case
where the regressand of a single nation relies concurrently on regressors
from a wide variety of other countries. The adopted techniques for our
analysis also vary from the approach of Zaman (2023b). Because
regression does not unearth causalities between variables, the test of
Engle and Granger (1987) is employed to unravel the causalities between
the variables. This method is adopted due to its robustness to time-series
datasets. The models of the test are specified as

yit � αo +∑
m

i�1
αiyt−i +∑

m

i�1
βixt−i + εit, (6)

xit � αo +∑
m

i�1
αjyt−j +∑

m

i�1
βjxt−j + εit, (7)

where x and y are, respectively, the input and output variables; α
and ε are the constant and error terms, respectively; αi, αj, βi, and βj

are parameters to be estimated; and m denotes the lags selected via
the SIC. The null hypothesis of the Granger test is that x does not
cause y. If x Granger causes y, then there is evidence of causality
between the series.

4 Results and discussion

4.1 Descriptive and correlational analysis

The summary statistics on the series are provided in Table 2.
Based on the information shown in Table 2, economic growth has
the greatest average value, while urbanization has the smallest. In
addition, foreign direct investment possesses the highest volatility,
with a deviation of 1.183, while urbanization is the least volatile, with
a deviation of 0.167. Moreover, the distributions of foreign direct
investment, industrialization, urbanization, and economic growth
are skewed negatively, while the distributions of financial

TABLE 2 Descriptive statistics and correlational matrix.

Descriptive statistic

Statistic lnCO2 lnFDI lnIND lnGDP lnURB lnFD

Mean 1.375 25.002 28.050 29.033 1.283 2.307

Median 1.374 24.945 28.062 29.009 1.327 2.025

Maximum 1.995 26.396 29.311 30.233 1.526 2.588

Minimum 0.650 21.972 26.396 27.658 0.918 1.462

Standard deviation 0.492 1.183 0.886 0.794 0.167 0.234

Skewness 0.009 −0.915 −0.216 −0.091 −0.538 0.754

Kurtosis 1.361 3.424 1.877 1.772 2.152 3.553

Jarque–Bera 3.245 4.267 1.750 1.864 2.270 4.011

Probability 0.197 0.118 0.417 0.394 0.321 0.132

VIF - 3.24 2.68 1.92 1.67 1.83

Tolerance - 0.309 0.373 0.521 0.598 0.546

Correlational matrix

Variable lnCO2 lnFDI lnIND lnGDP lnURB lnFD

lnCO2 1.000

lnFDI 0.692 1.000

(0.003)***

lnIND 0.817 0.461 1.000

(0.000)*** (0.041)**

lnGDP 0.628 0.112 0.582 1.000

(0.000)*** (0.079)* (0.000)***

lnURB 0.489 0.055 0.068 0.637 1.000

(0.024)** (0.760) (0.452) (0.000)***

lnFD 0.543 0.021 0.342 0.588 0.219 1.000

(0.000)*** (0.651) (0.031)** (0.000)*** (0.044)**

Note: ***, **, and * denote significance at the 1%, 5%, and the 10% levels, respectively.
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development and CO2 emissions are skewed positively. In addition,
foreign direct investment and financial development have
leptokurtic-shaped distributions, while industrialization,
urbanization, economic growth, and CO2 emissions have
platykurtic distributions. In addition, the Jarque–Bera test
confirms all the series to be normally distributed. On the
correlations between the series, all the regressors have a positive
relationship with CO2 emissions. This means that the regressors and
the regressand increase and decrease at the same time. Finally, the
tolerance and variance inflation factor tests report no collinearity
among the determinants. This implies that the series can be used to
predict carbon emissions in the country.

4.2 Unit root and cointegration analysis

The unit root characteristics of series are essential in
econometric analysis because their negligence could result in
valid or spurious regression coefficients. Therefore, first, the
variables’ stationarity attributes are studied via the tests displayed
in Table 3. Based on the estimates, the variables possess an I (1)
integration order. Second, the Hatemi-J (2008) test displayed in
Table 3 is conducted to examine the cointegration attributes of the
variables. According to the estimates, the variables possess a long-
term cointegration association. After establishing that the series

possess a cointegration relationship, the researchers proceed to
explore the parameters of the determinants.

4.3 Regression analysis

It is very important to report and discuss the findings of this
study to make various recommendations that can aid China in
achieving its SDGs. After affirming the variables to be cointegrated,
the FMOLS approach is first engaged to explore the parameters of
the predictors. As shown in Table 4, foreign direct investment
worsens environmental sustainability in all three models. Precisely, a
percentage increase in foreign direct investment increases the country’s
emissions by 0.886%, 0.745%, and 0.992%, respectively. In addition,
industrialization is a positive determinant of environmental pollution in
the nation. All factors held constant, a percentage increase in
industrialization increases CO2 emissions by 2.711%, 1.896%, and
2.447%, respectively. Likewise, financial development positively
predicts pollutant emissions in China. All factors held constant, a 1%
increase in financial development escalates emissions by 0.987%,
0.794%, and 2.622%, respectively. In addition, economic growth is
detrimental to China’s environmental safety. Precisely, a percentage
increase in economic growth increases emissions by 3.154%, 3.282%,
and 1.984%, respectively. Moreover, urbanization promotes carbon
emissions by 1.354%, 1.458%, and 0.977%, respectively.

TABLE 3 Unit root and cointegration test results.

Unit root test result

Variable ERS PP KPSS ADF

Level First difference Level First difference Level First difference Level First difference

lnCO2 2.212 4.446*** −2.542 −5.142*** 2.285 5.123*** −2.868 −4.641***

lnFDI 3.517 5.772*** −2.276 −4.338*** 1.337 4.218*** −1.767 −3.322***

lnIND 3.366 5.156*** −1.543 −3.725** 2.677 5.891*** −2.538 4.327***

lnGDP 2.421 4.543*** −2.843 −5.397*** 1.682 4.968*** −1.835 −3.415***

lnFD 2.114 4.213*** −1.715 −3.813** 2.513 5.772*** −2.074 −4.217***

lnURB 3.665 6.417*** −1.387 −3.536** 1.545 4.512*** −2.494 −4.424***

ln (FD*FDI) 2.212 4.341*** −2.852 −5.441*** 2.264 5.116*** −2.899 −4.755***

ln (FD*IND) 2.525 4.644*** −2.731 −5.562*** 2.725 5.942*** −1.857 −3.568***

lnFDI2 3.747 6.522*** −2.558 −5.176*** 1.788 4.975*** −1.788 −3.357***

lnIND2 3.835 6.614*** −1.827 −3.856** 1.487 4.446*** −2.945 −4.887***

lnFD2 2.639 4.745*** −1.483 −3.644** 2.855 5.991*** −1.695 −3.344***

Hatemi-J (2008) cointegration test results

Model ADF TB1 TB2

CO2=f(FDI, IND, FD, GDP, URB) -6.752*** 2000 2010

CO2=f(FDI, IND, FD, GDP, URB, FD*FDI, FD*IND) -6.358** 2008 2014

CO2=f(FDI, IND, FD, GDP, URB, FDI
2, IND2, FD2) -7.406*** 2010 2013

Notes: *** and ** denote significance at the 1%, 5% and the 10% levels respectively. Also, TB1 and TB2 stands for first and second structural break periods. Finally, critical values for the ADF in the

Hatemi-J (2008) cointegration test are -6.503, -6.015, and -5.653 at the 1%, 5%, and 10% levels respectively.
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In model 2, the interactions between financial development and
foreign direct investment and between industrialization and
financial development positively predict CO2 emissions. In
addition, in model 3, the coefficients of the square terms of
foreign direct investment and financial development are
negatively related to environmental pollution; however, the
coefficients of foreign direct investment and financial
development are positive. This means that foreign direct
investment and financial development have an inverted U-shaped
relationship with environmental pollution. However, the coefficients
of both industrialization and its square terms are positive, suggesting
a monotonically increasing relationship between the variables and
environmental pollution. Finally, the R-squared values of 0.895,
0.921, and 0.937 signify that the predictors account for 89.5%, 92.1%,
and 93.7% of variations in the country’s carbon emissions,
respectively.

4.4 Discussion of the results

Based on the discoveries displayed in Table 4, foreign direct
investment is detrimental to the nation’s environmental quality.
This outcome suggests that foreign investments in China are not
green. Thus, the nation attracts polluting investments due to its
possible lax environmental standards. The majority of foreign
industries that operate in China use energy from dirty sources to
drive their operations, resulting in more emissions. For the country
to attain its SDGs, it must improve its environmental sustainability
by mitigating the rate of pollution in the environment. This goal
could be achieved if the nation enacts laws to direct foreign entities
to embrace green energy sources in their undertakings. Moreover,
China should improve the quality of its institutions to help promote
the sustainable development agenda of the nation. In addition,
foreign investments that come along with innovations that could
improve environmental quality and boost productivity should be
embraced by the nation. Furthermore, foreign investments, which

could stimulate investments in the energy sector, resulting in
alternative energy sources like photovoltaic cells and wind
turbines (Keeley and Ikeda, 2017), should be welcomed.
According to Yi et al. (2017), cited in Polloni-Silva (2021), such
foreign investments have substantially mitigated pollution in China.
The finding supports the PHH. According to this assumption,
environmental regulations in rich countries are stricter than
those in developing countries, making comparative advantage
patterns distorted. As a result, polluting firms relocate their
operations from developed to developing nations, making them
“pollution havens.” This discovery supports the studies of Liu et al.
(2024), Huang et al. (2022), and Ali et al. (2022) but contrasts those
of Wang et al. (2024), Famanta et al. (2024), Rahaman et al. (2022),
and Udemba et al. (2022).

Similarly, industrialization damages environmental quality by
promoting more CO2 emissions in China. This finding is justifiable
because the implementation of policies like the Belt and Road
Initiative has led to an increase in industrial activities in the
nation, consequently degrading the nation’s environment due to
the increase in the consumption of more polluting energies. It is a
known fact that industrial processes affect vital actions in economies
(Dagar et al., 2022). Therefore, as industrial activities increase, there
will be a gradual increase in the consumption of energy resources
that can pollute the environment (Xiao, 2017). Particularly in
developing economies like China, rapid increases in industrial
operations have not only fueled tremendous economic expansion
but have also increased the consumption of energy, resulting inmore
carbon emissions (Dagar et al., 2022). The production and
distribution of products via various means of transportation also
form part of the industrial process. These activities involve the use of
polluting energies that can also degrade the environment (Udemba
et al., 2022). Moreover, as emerging countries transition from
agrarian to industrial economies, pollution-intensive industrial
production increases, contributing significantly to environmental
pollution (Patnaik, 2018). It will be beneficial to the country if
industrial activities are driven by energy from renewable sources.

TABLE 4 FMOLS estimation results.

Variables Model 1 Model 2 Model 3

lnFDI 0.886 (0.000)*** 0.745 (0.000)*** 6.992 (0.000)***

lnIND 2.711 (0.000)*** 1.896 (0.000)*** 2.447 (0.000)***

lnFD 0.987 (0.000)*** 0.794 (0.018)** 9.622 (0.000)***

lnGDP 3.154 (0.000)*** 3.282 (0.000)*** 1.984 (0.000)***

lnURB 1.354 (0.000)*** 1.458 (0.000)*** 0.977 (0.000)***

ln (FD*FDI) — 0.785 (0.000)*** —

ln (FD*IND) — 1.982 (0.000)*** —

lnFDI2 — — −0.140 (0.000)***

lnIND2 — — 0.754 (0.000)***

lnFD2 — — −2.554 (0.000)***

R2 0.924 0.953 0.964

Adjusted R2 0.895 0.921 0.937

Notes: lnCO2 is the response variable; values in parenthesis ( ) denote probabilities; and ***, ** denote significance at the 1% and 5% levels, respectively.
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Policymakers can encourage the growth of renewable energy in the
industrial sector by providing low-interest loans and tax cuts for the
purchase and installation of renewable energy generators. In
addition, implementing regulations that promote renewable
energy technologies across industries will be worthwhile. This
ambition could be accomplished if the government subsidizes
green energy, lowers the tax rates for businesses that embrace
green energy technologies, and provides low-interest loans and
incentives to entities (Mentel et al., 2022). The damaging
environmental effects of industrialization confirmed by this study
align with those of Aquilas et al. (2024), Nkemgha et al. (2024),
Elfaki et al. (2022), and Udeagha and Ngepah (2022) but vary from
those of Mehmood et al. (2024) and Ahmed et al. (2022).

Likewise, financial development worsens environmental
pollution in the country. A probable reason for this finding is that
financial development stimulates economic expansion, which in turn
increases energy consumption and carbon emissions (Shahbaz et al.,
2013).Well-developed financial systems help industries obtain financial
support, enabling them to increase their production and consequently
emit more emissions. According to Xu et al. (2021), financial
development boosts consumer credit and encourages them to spend
funds on home appliances, automobiles, and other commodities that
are harmful to the environment. The finding supports the scale effect of
financial development, which posits that development in the financial
sector helps industries access funding to expand their operations,
resulting in the consumption of more polluting energies, thereby
degrading the environment. However, the technique’s effect on
financial development contrasts with the study’s findings. According
to this assumption, well-developed financial frameworks stimulate
investments in eco-friendly technologies, consequently enhancing
environmental safety. Nguyen et al. (2024), Nathaniel et al. (2024),
Prempeh (2024), Saqib (2022), andOjekemi et al. (2022) confirmed that
financial development enhances environmental quality in different
economies, contrasting the outcome of this study. However, the
investigations of Ngoc and Tram (2024) and Abid et al. (2022)
supported the outcome of this exploration.

In addition, economic growth deteriorates environmental
quality in China. This finding is not surprising because, in an
attempt to increase economic development, environmental
degradation increases as the scale and composition effects
prioritize economic progress over environmental sustainability
(Prempeh, 2024). China predominantly relies on industrialization
and infrastructure to increase its economy, heavily depending on
energy sources that are harmful to the environment. This is not
surprising because every economy begins with industrial
developments to achieve its growth targets. However, the large-
scale demand for energy to propel such developments could lead to
environmental degradation through higher emissions. In addition,
weak environmental controls allow external economic agents like
investors and producers to penetrate the system, taking advantage of
the laxity in regulations and policies to engage in economic activities
that harm environmental sustainability. Most of these activities are
linked to the use of fossil fuels, which result in high carbon emissions
and, subsequently, poor environmental quality. The detrimental
impact of economic growth on environmental quality aligns with the
findings of the studies of Teklie and Yağmur (2024), Koilakou et al.
(2024), Wang et al. (2022), and Azam and Raza (2022) but contrasts
with those of Dogan and Aslan (2017) and Salahuddin et al. (2016).

This research further discloses that urbanization aggravates
environmental quality in China. This finding is justifiable because
urbanization creates the market forces necessary to propel economic
growth, which increase energy consumption and carbon emissions.
Changes in urban population have an impact on economic activities
and energy utilization. Activities that drive economic advancement
are concentrated in urban areas. These activities consume a lot of
energy and, therefore, contribute to more environmental damage.
According to Sardorsky (2014) and Kwakwa and Adu (2018), urban
population variations affect the rate of economic activities,
impacting pollution. If urban inhabitants participate in activities
that worsen the environment’s bio-productive types of land usage
while ignoring environmental protection, the simultaneous growth
in urbanization and, therefore, energy utilization might aggravate
environmental pollution (Ehigiamusoe et al., 2022; Kwakwa and
Alhassan (2018). However, increased urbanization may influence
residents to live more sustainably by encouraging them to use urban
infrastructure more effectively (Zhang and Lin, 2012). This could
help mitigate pollution in the environment. The detrimental effect of
urbanization on the nation’s environment supports the studies of
Kusiyah et al. (2024), Singh et al. (2024), Murshed et al. (2022), and
Adebayo et al. (2022) but contradicts those of Rehman et al. (2022)
and Hasmi et al. (2021).

In model 2, the interactions between financial development and
foreign direct investment and between financial development and
industrialization positively predict CO2 emissions. This suggests that
the interactive terms promote environmental pollution throughout
the nation. In other words, financial development worsens the
harmful environmental effects of foreign direct investment and
industrialization in China. This finding contrasts with the studies
of Gyamfi et al. (2022) and Haq et al. (2022). In addition, in model 3,
foreign direct investment and financial development have an
inverted U-shaped relationship with environmental pollution. This
suggests that, at the initial stages, the increase in financial
development and foreign direct investment worsens environmental
quality, but after attaining a certain threshold level, further increases
in the series enhance environmental safety. This finding contradicts
the studies of Baskurt et al. (2022) and Ahmed et al. (2022). However,
industrialization has a monotonically increasing relationship with
pollutant emissions. This suggests that, in both the initial and latter
periods, industrialization harms environmental quality in the nation.
The studies of Mehmood et al. (2024), Aquilas et al. (2024), and
Nkemgha et al. (2024) contrast this discovery. The elastic effects of the
regressors on the regressands are displayed in Figure 1.

FIGURE 1
Elastic effects of the regressors on the regressand.
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4.5 Sensitivity analysis

We conduct a sensitivity analysis by employing the DOLS and
CCR approaches to confirmwhether the results are consistent across
methodologies. Based on the results shown in Tables 5, 6, foreign
direct investment, industrialization, and financial development
exacerbate carbon emissions in China. In addition, urbanization
and economic growth promote environmental pollution in the
country. Besides, the interactive terms between financial
development and foreign direct investment and between financial
development and industrialization harm the nation’s environmental
sustainability. Moreover, foreign direct investment and financial
development have an inverted U-shaped association with

environmental pollution, but industrialization has no nonlinear
association with pollutant emissions in the country. Although the
parameter estimates under FMOLS, DOLS, and CCR vary in weight,
they are the same in terms of sign. The consistency of the results
under the three methodologies implies that the results are robust.

4.6 Causality analysis

The causal paths between the variables are provided in Table 7.
Based on the estimates, there is feedback causality between foreign
direct investment and CO2 emissions. This indicates that the two
variables are dependent on each other. This finding contrasts with

TABLE 5 DOLS estimation results.

Variables Model 1 Model 2 Model 3

lnFDI 1.256 (0.000)*** 0.943 (0.000)*** 8.532 (0.000)***

lnIND 2.87 (0.000)*** 1.902 (0.000)*** 2.651 (0.000)***

lnFD 2.554 (0.000)*** 0.971 (0.000)*** 2.804 (0.000)***

lnGDP 3.424 (0.000)*** 4.015 (0.000)*** 2.142 (0.000)***

lnURB 1.453 (0.000)*** 1.648 (0.000)*** 1.547 (0.000)***

ln (FD*FDI) — 0.944 (0.000)*** —

ln (FD*IND) — 2.185 (0.000)*** —

lnFDI2 — — −0.165 (0.000)***

lnIND2 — — 0.904 (0.000)***

lnFD2 — — −0.754 (0.000)***

R2 0.941 0.967 0.985

Adjusted R2 0.917 0.934 0.955

Notes: lnCO2 is the response variable; values in parenthesis ( ) denote probabilities; and ***, ** denote significance at the 1% and 5% levels respectively.

TABLE 6 CCR estimation results.

Variables Model 1 Model 2 Model 3

lnFDI 0.752 (0.000)*** 0.671 (0.02)** 7.883 (0.000)***

lnIND 1.844 (0.000)*** 1.424 (0.000)*** 1.833 (0.000)***

lnFD 0.809 (0.000)*** 0.662 (0.03)** 6.011 (0.000)***

lnGDP 2.715 (0.000)*** 2.924 (0.000)*** 1.361 (0.000)***

lnURB 1.122 (0.000)*** 1.247 (0.000)*** 0.885 (0.000)***

ln (FD*FDI) — 0.558 (0.000)*** —

ln (FD*IND) — 1.664 (0.000)*** —

lnFDI2 — — −0.161 (0.000)***

lnIND2 — — 0.688 (0.000)***

lnFD2 — — −1.411 (0.000)***

R2 0.901 0.922 0.944

Adjusted R2 0.877 0.895 0.903

Notes: lnCO2 is the response variable; values in parenthesis ( ) denote probabilities; and ***, ** denote significance at the 1% and 5% levels respectively.
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that of the study by Udemba et al. (2022). In addition, a causal
relationship between industrialization and CO2 emissions is
observed, meaning that CO2 is dependent on industrial activities
in the country. The findings of Appiah et al. (2022) and Khan and
Imran. (2023) conflict with this outcome. Moreover, a unidirectional
causality between financial development and CO2 emissions is
discovered, indicating that financial development increases
pollution in the country but not vice versa. Bui (2020) supported
this discovery. Furthermore, there is a two-way causality between
economic growth and CO2 emissions, suggesting that the two series
predict each other. Sahoo and Sethi (2021) supported this finding for
developing economies, while Osobajo et al. (2020) did so for
70 countries. However, Adebayo et al. (2021) contradicted this
revelation for South Korea, and Osadume and University (2021)
did so forWest African countries. In addition, bidirectional causality
between urbanization and CO2 emissions is discovered, indicating
that urban concentration has a detrimental impact on
environmental sustainability through high CO2 emissions. The
findings of Sufyanullah et al. (2022) and Nihayah et al. (2022)
varied from this disclosure, while those of Wu et al. (2021) and
Salman et al. (2022) supported the findings of the study. In addition,
the interactions between financial development and foreign direct
investment and between financial development and
industrialization contribute to pollution in the country. Finally,
the square terms of foreign direct investment, industrialization,

and financial development are bidirectionally related to CO2

emissions, indicating that these variables and environmental
quality are dependent on each other.

5 Conclusion and policy
recommendations

5.1 Conclusion

The purpose of this study is to examine the relationship between
foreign direct investment, industrialization, financial development,
and environmental sustainability in China to offer policy options to
help the nation attain its carbon neutrality agenda. To achieve this
aim, data spanning the period 1990–2018 are utilized. Based on the
findings, the variables possess a first-differenced integration order
and are cointegrated in the long run. The FMOLS technique is
employed to examine the parameters of the determinants, and
according to the results, foreign direct investment deteriorates
environmental sustainability in China by promoting more CO2

emissions. This finding validates the pollution haven hypothesis
for the country.

In addition, industrialization and financial development are not
friendly to the nation’s environment. Besides, economic growth and
urbanization promote pollution in the nation. Moreover, the

TABLE 7 Granger causality test results.

Null hypothesis F-statistic Probability Causality flow

lnFDI→lnCO2 5.634 0.000*** Bidirectional causality

lnCO2→lnFDI 4.441 0.000***

lnIND→lnCO2 2.148 0.027** Unidirectional causality

lnCO2→lnIND 0.263 0.526

lnFD→lnCO2 6.564 0.000*** Unidirectional causality

lnCO2→lnFD 0.144 0.342

lnGDP→lnCO2 4.118 0.000*** Bidirectional causality

lnCO2→lnGDP 3.484 0.007***

lnURB→lnCO2 3.847 0.002*** Bidirectional causality

lnCO2→lnURB 1.455 0.075*

ln (FD*FDI)→lnCO2 4.765 0.000*** Unidirectional causality

lnCO2→ln (FD*FDI) 0.105 0.374

ln (FD*IND)→lnCO2 5.055 0.000*** Unidirectional causality

lnCO2→ln (FD*IND) 0.225 0.581

lnFDI2→lnCO2 7.452 0.000*** Bidirectional causality

lnCO2→lnFDI2 4.844 0.000***

lnIND2→lnCO2 5.642 0.000*** Bidirectional causality

lnCO2→lnIND2 4.868 0.000***

lnFD2→lnCO2 3.588 0.006*** Bidirectional causality

lnCO2→lnFD2 4.267 0.000***

Notes: lnCO2 is the response variable, while values in parenthesis ( ) represent probabilities. Finally, ***, **, and * denote significance at the 1%, 5%, and the 10% levels, respectively.
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interactions between financial development and foreign direct
investment and between financial development and
industrialization worsen the nation’s environmental sustainability.
Furthermore, foreign direct investment and financial development
have an inverted U-shaped relationship with environmental
pollution, but industrialization has no nonlinear association with
pollutant emissions in the country.

Sensitivity analysis via the DOLS and CCR estimators upholds
the above discoveries. On the causalities between the variables,
feedback causalities between foreign direct investment and CO2

emissions, economic growth and CO2 emissions, and urbanization
and CO2 emissions are disclosed. Furthermore, unidirectional
causalities between industrialization and financial development
and CO2 emissions are unfolded. In addition, the interactions
between financial development and foreign direct investment and
between financial development and industrialization cause pollution
in the country. Finally, the square terms of foreign direct investment,
industrialization, and financial development have a bidirectional
relationship with CO2 emissions.

5.2 Policy implications

The findings of the study have implications for stakeholders and
policymakers addressing environmental concerns like climate
change and global warming and provide empirical evidence for
how foreign direct investment, financial development, and
industrialization influence environmental sustainability in China.
As evidenced by the results, foreign direct investment harms the
environmental quality of the country. Hence, the government of
China should encourage eco-friendly foreign investments in the
country. In addition, foreign investments that promote energy
efficiency, human capital development, technological innovations,
renewable energy production, and research and development
initiatives that could advance environmental sustainability in the
nation should be encouraged.

Furthermore, the nation should impose dumping levies on
industries that import polluting items into the nation. This will
encourage them to deal with items that could promote the
country’s environmental quality. Additionally, authorities
should not trade-off environmental quality over polluting
foreign direct investment inflows. This will curtail damaging
inflows into the nation. In addition, institutions or bodies that
enact environmental regulations should be motivated to be more
effective. If they are motivated, the country could benefit from
proper laws that could prevent it from being used as dumping
grounds for polluting goods.

It can also be deduced from the findings that industrialization
harms environmental quality in China. Therefore, industries whose
operations are not beneficial to the ecosystem of the nation should
be shut down. However, industries that have the environment at
heart should be allowed to operate. In addition, the government has
the power to increase taxes on industries that harm the environment
while lowering taxes for those whose operations are eco-friendly.
This will entice the dirty industries to switch to eco-friendly
operations. Additionally, the country should consider industrial
restructuring as one of its key emission mitigation strategies. The
argument made by Zhou and Li (2020) that the implementation of

industrial restrictive plans is beneficial to the economic
advancement and emission reduction objectives of economies
supports the above point. It is further important for the
authorities to develop policies that could encourage energy
efficiency at the industrial level and change the industrial
structure of the nation from carbon-intensive to non-carbon-
intensive, which is eco-friendly.

Moreover, the country’s green energy generation capacity
should be increased to help abate the negative consequences of
industrialization. This objective could be attained if the country
invests more in technologies, expertise, equipment, and
infrastructure linked to the production of green energies. It is
further deduced from the findings that financial development
damages environmental quality in the country. Therefore, it
would benefit the country if financial resources were properly
allocated to energy initiatives and sources that are
environmentally friendly. The government should also formulate
strict rules to compel banks to provide funding for projects that are
not eco-friendly. In addition, financial organizations that engage in
activities that harm the environment should be heavily taxed. This
would force them to adopt eco-friendly practices.

Moreover, economic growth harms environmental quality in
China. Therefore, authorities should ensure that economic activities
undertaken in the nation are friendly to the environment. Since
economic advancement activities are mostly driven by
establishments, the adoption of clean energies by these
establishments could play a major role in the emission mitigation
agenda of the nation. The entities should not only adopt clean
energies but should also embrace green and energy-efficient
technologies in their operations. Following Udemba and
Yalçintaş (2021), subsidies, such as tax cuts and price controls,
should be considered for sectors that specialize in the manufacturing
and assembly of renewable energy sources. This will help boost
production and, subsequently, economic growth.

In addition, urbanization deteriorates environmental quality
in China. Therefore, authorities should enact regulations to
promote sustainable urbanization in the country. In addition,
the condition of people living in rural areas of the country should
be improved. This will decrease the movement of people to cities
where they perceive that they could get better standards of living.
Additionally, if communities in the country offer residents the
fundamental infrastructural amenities that could influence
people to migrate to urban centers, the level of urbanization
in the nation will witness a massive reduction. The above point
aligns with the findings of Majeed and Tauqir (2020), who
reported that the harmful effects of urbanization on an
economy could be lessened if balanced development in both
urban and rural areas is carried out.

Finally, since the interactions between financial development
and foreign direct investment and between financial development
and industrialization increase pollutant emissions in China, policies
or strategies that can help improve financial development, foreign
direct investment, and industrialization without harming
environmental sustainability should be formulated and
implemented. Generally, the requirements outlined in the Paris
Agreement (2015) and other agreements should be strictly
followed. This would make the country environmentally
sustainable. In addition, increasing monitoring of the
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environment, enforcing strict environmental regulations, and
increasing public awareness on the benefits of environmental
quality could help reduce pollution in China. Finally, the
development and implementation of green policies across the
country should involve active participation from all stakeholders.

6 Limitations and suggestions for
future research

The limitations of this study cannot be underrated. Data
constraints confined the study to the period 1990–2018.
Specifically, most of the variables did not have data before
1990 or after 2018. Therefore, using 1990 as the base period
and 2018 as the end period, the period 1990–2018 was
appropriate for the analysis. We therefore suggest that when
more data become available, similar studies should be
conducted to authenticate the study’s outcomes.
Methodologically, the study was confined to the FMOLS, DOLS,
and CCR econometric techniques. Care should be taken in
interpreting the results because the adoption of other
econometric methods could have yielded varied outcomes. For
comparative purposes, we recommend the application of other
econometric methods for analyzing the nexus amidst the series in
future explorations. Finally, the analysis was confined only to
China. Therefore, the results cannot be generalized to all
economies around the globe. To validate the robustness of the
results, future studies should be expanded to cover more nations in
different locations.
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