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Financial globalization is one of the defining elements of the modern world, and
climate change is a common challenge faced by governments. Understanding
the relationship between these two phenomena can help countries implement
strategies of financial openness and pursue sustainable development. This paper
employs two-way fixed-effects and mediation models to analyze the relationship
between financial globalization and climate change using annual panel data from
144 countries for the period 2000 to 2001. The findings are as follows. (1) There is
an inverted U-shaped nonlinear relationship between a country’'s financial
openness and its carbon emission intensity. A low level of financial openness
tends to attract foreign capital into industrial projects reliant on fossil fuels,
thereby increasing carbon emission intensity. However, once financial
globalization reaches a certain threshold, a higher share of foreign capital is
invested in renewable energy, resulting in a negative marginal impact on carbon
emission intensity. (2) The mechanism tests show that financial globalization has
an inverted U-shaped nonlinear relationship with carbon emission intensity
through its effects on energy efficiency and the share of renewable energy,
while it could also reduce carbon emission intensity by promoting technological
advancements. (3) An increase in a country's financial openness not only impacts
its own carbon emission intensity,but also it has a nonlinear spatial spillover effect
of initially promoting and then inhibiting on the carbon emission intensity of
neighboring countries. These findings suggest that financial globalization, if
managed strategically, can contribute to both economic growth and
environmental sustainability, highlighting the potential for policy interventions
that encourage clean energy investment and technological innovation.

financial openness, carbon emission intensity, inverse U-shaped relationship, renewable
energy usage, cross-country analysis

1 Introduction

Climate change and global warming are issues that the countries of the world need to
face together. Climate change can lead to rising sea levels, frequent extreme weather events,
reduced food production, and even the melting of the Antarctic’s glaciers, which may
reawaken ancient viruses. Given the severity of climate change, governments have become
aware of the need to balance economic development with environmental protection and
pursue a path of green, low-carbon, and sustainable development (Ma et al., 2024; Zhao
et al., 2024). In 2023, the 28th Conference of the Parties (COP28) to the United Nations
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TABLE 1 Data description and data source.

10.3389/fenvs.2025.1555143

Variable type Index Variable concept Measurement Data source
Dependent variable cei Carbon emission intensity The logarithm of carbon emission per unit of GDP WDI
pee per capita carbon emission The logarithm of carbon emission per person WDI
Explantory variable kof Degree of financial openness KOF globalization index Gygli et al. (2019)
Ka Chinn-Ito index Chinn and Ito (2008)
Control variable gdp per Degree of economic development The logarithm of GDP per capita WDI
Pop_density Population density People per square kilometer of land WDI
Urban Urbanization Urban population as a percentage of total population WDI
trade_open Trade openness (imports + exports)/GDP WDI
Intermediary variable renewable Renewable energy usage Renewable energy consumption (% of total final energy consumption) WDI
energy int Energy efficiency Energy intensity level of primary energy (MJ/GDP) WDI
grant_patent Technology progress In (number of patents granted/population+1) WIPO
Framework Convention on Climate Change was held in the United ~ TABLE 2 Descriptive statistical analysis of variables.
Arab Emirates, where countries reached what is known as the “UAE . .
. ) T Variable Obs Mean Std. Dev. Min Max
Consensus” on topics such as the global stocktake, mitigation,
adaptation, finance, loss and damage, and just transition co2 efficiency | 3,212 1.626 0575 0 3.775
following the Paris Agreement. The parties called for significant, Kof 3366 1022 0331 2834 | 4508
rapid, and sustained reductions in greenhouse gas emissions in line
with the 1.5°C temperature goal. Understanding the factors driving gdp per 3,294 8.548 1.446 5542 | 11766
carbon emissions is crucial for formulating reasonable carbon Urban 3,381 57064 23.428 8.246 100
reduction policies and achieving sustainable development.
. . Trade open 3,084 0.871 0.517 0.1 4373
As globalization continues to shape the modern world,
countries’ economic activities are increasingly interconnected. Pop density 3,381 4.223 1.522 -1991 | 8983

Financial globalization refers to the increasing interconnectedness
of financial systems across the world. This global integration,
particularly financial openness, can have a significant impact on
both economic growth and environmental outcomes. While
financial globalization can attract capital to renewable energy
sectors and promote technological innovation and then decrease
carbon emissions, it can also lead to increased investment in fossil-
fuel industries, potentially exacerbating carbon emissions. Current
empirical research on the topic often focuses on a limited number of
countries and yields conflicting conclusions. Some studies find that
for economies like those in the ASEAN and BRICS groups, the
marginal impact of financial openness on carbon emission intensity
is negative (Aydin and Turan, 2020; Ulucak et al, 2020). Other
studies find that financial openness increases carbon emission
intensity and leads to environmental degradation (Koengkan
et al, 2018; Kostakis, 2024). Existing empirical research on this
relationship employs very different country samples, which may be
an important reason for the varying conclusions. In light of this,this
paper aims to clarify this relationship by examining annual panel
data from 144 countries between 2000 and 2020 using a two-way
fixed-effects model, avoiding sample selection bias and offering a
more comprehensive analysis.

Specifically, we try to answer the following questions in this
paper: First, what is the direction of the impact of financial openness
on carbon emission intensity? Second, what are the channels
through which financial openness affects carbon emission
intensity? Third, does a country’s level of financial openness have
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a spatial spillover effect on the carbon emission intensity of
neighboring countries? Fourth, does the relationship between
financial openness and carbon emission intensity differ
depending on the level of financial development?

The marginal contributions of this paper are as follows. First, it
examines the relationship between financial openness and carbon
emission intensity in various countries, exploring the potential
impact of financial openness policies on the environment. The
empirical research on the topic is relatively limited and focuses
on a few country samples, which yield significantly different
conclusions (Tao et al, 2023; Kostakis, 2024; Zhang et al,
2022a). We find an inverted U-shaped relationship between
financial openness and carbon emission intensity.

In the early stages of financial openness, the marginal impact of
financial openness on carbon emission intensity is positive; however,
once financial openness reaches a certain level, its marginal impact
becomes negative. This, to some extent, explains the reasons for the
differences in existing research conclusions. Many developing
countries are currently undergoing profound changes in their
financial openness. The findings here offer valuable insights for
these countries to more effectively balance their economic
development with environmental protection in the process of
opening their capital markets.

Second, we examine the mechanism that explains the inverted

U-shaped relationship between financial openness and carbon
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TABLE 3 The nonlinear effect of financial openness on carbon emission intensity.

Variables
kof 1.626*** 1.527*%* 0.860*
(4.57) (4.36) (2.63)
kof2 —0.214%** —0.199*** —0.104**
(~4.59) (-4.32) (-2.43)
gdp_per ~0.196** —0.2110
(-9.94) (-10.76)
Urban 0.016%*
(11.47)
Trade_open 0.056***
(3.19)
Pop_density 0.362***
(11.44)
_cons —-1.332** 0.427 —-0.635
(-1.97) (0.62) (-0.98)
N 3,111 3,111 2,926
R 0.099 0.128 0.260
country FE YES YES YES
Time FE YES YES YES

% and * represent significant regression coefficients at the 1%, 5% and 10% levels, respectively. The t value of the regression is indicated in parentheses.

emission intensity observed in various countries. Mediation models
are used to show that increased financial openness has an inverted
U-shaped relationship with carbon emission intensity through
several channels, including changes to the proportion of
renewable energy consumption and energy efficiency; it can also
inhibit carbon emission intensity by promoting innovation. This
helps governments better understand the relationship between their
policies of financial openness and carbon emission intensity.

Third,we study the potential spatial spillover effect, in concrete,
we examine the impact of a country’s increased financial openness
on the carbon emission intensity of its neighbors. To the best of our
knowledge, no studies have considered the spatial spillover effects of
financial openness on neighboring countries. Only a handful have
investigated the spatial spillover effects of financial development on
the environment of neighboring countries (Lv and Li, 2021).
Countries in the same region tend to have similar economic
systems, and the degree of financial globalization may exhibit
spatial auto-correlation. As such, a country’s financial openness
has a certain spatial spillover effect on the environmental conditions
of neighboring countries. We find that a country’s financial
openness has an inverted U-shaped spatial spillover effect on the
carbon emission intensity of neighboring countries. This provides
valuable insights for countries to coordinate financial openness and
sustainable development.

The remainder of this paper is structured as follows. In Section 2,
we present the literature review. Section 3 sets out the theoretical
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analysis and proposes the research hypotheses, and in Section 4, we
present an empirical analysis of the impact of financial globalization
on domestic carbon emission efficiency. Besides,we study the
spatial spillover effects of financial globalization on carbon
emission intensity are examined. Section 5 concludes with policy
recommendations.

2 Literature review

2.1 The multifaceted impact of the financial
development on the environment

Financial development is an essential driver of economic
growth, and its environmental implications have attracted
considerable academic attention. However, there is a lack of
consensus in current research regarding the direction of its
impact on carbon emissions.

Some scholars argue that financial development can provide
capital support for technological research, thereby promoting
technological advancements and improving energy production
efficiency (Zhao et al, 2024; Huang and Ren, 2024),which could
contribute to the carbon emission reduction (Li and Li, 2023; Luo
et al., 2024). Financial development could contribute to a reduction
of carbon emission intensity during production. For instance, Ren
et al. (2023) employ province-level panel data and use the PMG
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TABLE 4 Robustness test (change data measurement).

Variables
kof 0.983%*
(2.33)
kof2 ~0.113**
(-2.05)
KA —0.202*** —0.253***
(-3.09) (-3.00)
KA2 0.136** 0.170**
(2.40) (2.33)
gdp_per ~0.184+ 0.779* 0.816°*
(-9.13) (30.86) (31.57)
Urban 0.015* 0.020%** 0.020%**
(10.95) (11.52) (10.93)
Trade_open 0.095%** 0.040* 0.095%**
(5.07) (1.76) (3.94)
Pop_density 0.370%* 0.505%** 0.519***
(11.47) (12.39) (12.51)
Constant 0.908*** —1.958** —-0.162
(3.95) (-2.35) (-0.55)
Observations 2,786 2,926 2,786
R-squared 0.263 0.391 0.403
country FE YES YES YES
Time FE YES YES YES

method to study the long- and short-term impacts of financial
development on carbon emission intensity. They find that financial
development significantly reduces carbon emissions in the long run.
Similarly, using data from OECD countries, Tao et al. (2023) show
that financial development significantly mitigates carbon emission
intensity, and this impact is modulated by the level of ICT
development.

Other studies show that financial development fosters economic
growth (Xu et al, 2024), which in turn increases energy
consumption, leading to a rise in carbon emissions per unit of
GDP. For example, Khan et al. (2021) use cointegration and quantile
panel regression to find a positive correlation between financial
development and carbon emission intensity across the countries in
their sample. Moreover, as carbon emission intensity increases, the
positive impact of financial development gradually intensifies. Bui
et al. (2012) use panel data from 100 countries to show that
enhanced financial development increases energy demand,
positively influencing carbon emission intensity.

Some scholars contend that the relationship between financial
development and carbon emissions may be nonlinear. Shahbaz et al.

(2021) find that financial development in these countries exhibits an
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TABLE 5 Impact of financial openness on carbon emission tensity at various
quantile values of Incei.

(0] (2) (3) (4)

Quantiles 0.9 0.7 0.5 0.3

Incei Incei Incei Incei
kof 70739 31200 3333 14407 13010
(3.00) (2.63) (2.39) (2.45) (153.73)
kof2 —0.929°% | —0.449° | —0.423* | —0.190% | —1.718%**
(~3.00) (-2.84) | (——2.23)  (-2.40) | (-157.43)
gdp_per —0.353%  —0.098°* | 0.037¢ | —0.032*  0.043***
(-21.23) | (-5.55) (1.75) (-2.75) (34.02)
Urban 0017 | 0.008** | 0.003** | 0.002*  0.003**
(12.64) (4.33) (2.24) (4.20) (37.69)
Trade_open 0285 | 0213 | 0.101%* 0.019 0095+
(6.11) (3.35) (3.77) (0.40) (34.59)
Pop_density —0.019% 0113 | 0,091 | 0.033*  0.018°*
(-1.95) (3.92) (5.65) (10.19) (15.55)
Observations 2,926 2,926 2,926 2,926 2,926
Country FE YES YES YES YES YES
Time FE YES YES YES YES YES

M-shaped or N-shaped nonlinear influence on carbon emission
intensity in G7 countries from 1870 to 2014.

2.2 The multifaceted impact of financial
openness on the environment

Globalization is an important feature of contemporary
economic development. As countries increase their level of
financial openness, foreign capital investment inflows affect their
economic system and inevitably impact the environment. As
financial globalization has progressed, scholars have conducted a
series of studies on the environment impact of financial openness on
the environment. However, there is no consensus on whether the
effects of financial globalization on the environment and carbon
emissions are positive or negative.

Some literature suggests that financial openness helps increase
investment in environmental protection and clean energy projects,
positively affecting environmental conditions. For instance, Rehman
et al. (2023) study the relationship between the KOF Globalization
Index (KOF Index) and total carbon emissions from a global
perspective using the auto-regressive distributed lag model. They
find that negative globalization shocks positively impact global
carbon emissions. Aydin and Turan (2020) use data from five
BRICS countries (China, South Africa, etc.) from 1980 to
2016 and discover that an increase in financial openness
significantly alleviates environmental pollution in India and
South Africa. Ulucak et al. (2020) further point out that, for
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TABLE 6 Other robustness test.

Variables

10.3389/fenvs.2025.1555143

L.Incei 0.9774**
(13.95)
kof 0.790** 0.989**¢ 0.860* 10.005** 0.900** 4.999*
(2.42) (2.94) (1.72) (29.99) (2.46) (1.70)
kof2 -0.097** —0.123*** -0.104 —1.339%** -0.110** -0.643*
(-2.27) (-2.79) (-1.62) (-31.33) (-2.32) (-1.76)
gdp_per —0.223*** —0.166*** —0.211%%* —0.085*** —0.168*** 0.019
(-11.12) (-8.02) (-4.87) (-14.31) (-8.77) (1.00)
Urban 0.016*** 0.015%** 0.016*** 0.011°* 0.014* -0.000
(11.18) (9.94) (21.02) (32.10) (10.60) (-0.10)
Trade_open 0.063*** 0.051*** 0.056** 0.187** 0.064*** 0.021
(3.50) 2.77) (2.20) (13.80) (3.56) (0.99)
Pop_density 0.338*** 0.370*** 0.362*** -0.006* 0.378*** 0.007
(10.38) (11.06) (9.79) (-1.92) (12.33) (1.15)
_cons -0.279 -1.187* -0.635 —16.855*** —-1.048 -9.814
(-0.43) (-1.77) (-0.51) (-25.26) (-1.45) (-1.64)
N 2,790 2,788 2,926 2,926 2,926 2,788
R 0.254 0.229 0.243
Country FE YES YES YES YES YES
Time FE YES YES YES YES YES
AR (1) 0.001
AR (2) 0.672
Hansen p value 0.243

emerging market countries, financial globalization improves
environmental quality. Fatima et al. (2023) find that increased
financial globalization in OECD countries significantly reduces
carbon emissions.

Other studies indicate that financial openness may increase
investment in domestic industries reliant on traditional fossil
fuels, thereby increasing carbon emission intensity and negatively
impacting environmental protection domestically. This aligns with
the “pollution haven” hypothesis. For example, Zhang et al. (2022b)
use quantile regression to show that the KOF Index positively affects
the ecological footprint of the five BRICS countries, suggesting that
financial globalization leads to environmental degradation. Shahzad
et al. (2022) examine the relationship between China’s level of
financial globalization and its ecological footprint, concluding
that financial globalization exacerbates the ecological burden and
adversely affects the environment. Koengkan et al. (2018) use the
panel autoregressive distributed lag (PARDL) model to study
countries in Mercosur (the Southern Common Market) and find
that an increase in financial globalization leads to an increase in total
carbon emissions in the long and short term. Kostakis (2024)
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employs quantile regression to study seven ASEAN countries and
finds that a deeper level of financial openness directly leads to an
increase in per capita carbon emission intensity; specifically, for
every one unit increase in capital openness, the per capita carbon
emission level increases by an average of 3.6%.

The above analysis shows that existing research has been fruitful,
and diverse conclusions have been drawn on the relationship
between financial development and carbon emission intensity.
However, research on the relationship between the two is still
relatively scarce, and among existing studies, there are several
deficiencies, specifically in the following respects.

First, the existing literature only considers the linear relationship
between financial openness and carbon emission intensity, and the
empirical conclusions are inconsistent across different country
samples. We show an inverted U-shaped relationship between
financial globalization and carbon emission intensity, offering a
new explanation for these differences.

Second, existing studies have typically used samples from a few
countries or have conducted a global analysis, which may lead to
biased conclusions. To our knowledge, no studies have used data
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TABLE 7 Intermediate effects test of renewable energy consumption ratio.

10.3389/fenvs.2025.1555143

(2) (4)
Variables
renewable renewable
kof 0.860 ~21.390** 0.449*
(2.63) (-2.20) (1.76)
kof2 ~0.104* 2.478* -0.058*
(-2.43) (1.94) (-1.72)
KA 6.648%°* -0.056
(3.51) (-1.11)
KA2 ~4.083* 0.046
(-2.49) (1.06)
Renewable —0.021*%* —0.022%%*
(—42.79) (~42.14)
gdp_per —0.211%%¢ —9.859%** —0.420%%* ~10.677%%* —0.417%%¢
(~10.76) (~17.06) (~26.34) (-18.42) (~25.29)
Urban 0.016* —0.427%* 0.007%* ~0.405** 0.006**
(11.47) (-10.57) (6.06) (-10.11) (5.89)
Trade_open 0.056%* 1,424+ 0.086** 0.426 0.104%*
(3.19) (2.73) (6.30) (0.78) (7.18)
Pop_density 0.362%* —17.634%* -0.011 ~17.938*%* -0.023
(11.44) (-18.81) (-0.42) (-19.25) (-0.86)
_cons -0.635 255,054+ 47010 215.321%* 5,611
(-0.98) (13.23) (9.03) (32.47) (26.74)
N 2,926 2,953 2,921 2,807 2,786
R 0.260 0.260 0.556 0.277 0.561
Country FE YES YES YES YES YES
Time FE YES YES YES YES YES

from multiple countries to study the impact of financial
globalization on carbon emission intensity through cross-country
panel regression. We use data from over 140 countries for panel
regression analysis, complementing existing research to some extent
and ensuring the accuracy of conclusions.

Third, the current literature lacks sufficient evidence of the
mechanism through which financial openness affects carbon
emission intensity. Most discussions remain at the theoretical
level and lack rigorous econometric models for empirical testing.
We deepen the analysis by using a mediation model to explore the
impact mechanism in the relationship between financial openness
and carbon emission intensity.

Fourth, most existing studies focus on the impact of a country’s
increased financial globalization on its own carbon emission
intensity, neglecting possible spatial spillovers. In addition to its
direct impact on a country’s carbon emissions, an increase in
financial globalization may also indirectly impact the carbon
emission intensity of neighboring countries through capital flows,
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information exchange, and other channels. This aspect has not been
fully explored in existing research.

3 Theoretical analysis and research
hypothesis

3.1 The direct effect of financial openness on
carbon emission intensity

Financial openness policies can enhance countries’ financial
development and impact carbon emission intensity in two ways.
In the early stages of financial openness, as openness increases,
companies and individuals gain access to more convenient and less
costly financial services. This stimulates increased investment and
increased household consumption, both of which increase the
country’s carbon dioxide emissions. Additionally, because foreign
investors have a relatively limited understanding of the local
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TABLE 8 Intermediate effects test of energy efficiency.
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(1) (4)
Variables
energy._int energy_int
kof ~0.8874% 1.518%%¢
(-3.38) (5.75)
kof2 0.117%* —0.189%%*
(3.40) (-5.46)
KA ~0.202%* ~0.091* ~0.134%*
(-3.09) (-1.72) (-2.48)
KA2 0.136** 0.061 0.093*
(2.40) (1.35) (2.00)
energy_int 0.867** 0.844¢
(39.28) (36.50)
gdp_per ~0.435%+ 0178 ~0.184** ~0.419%* 0185+
(-27.74) (9.51) (-9.13) (-26.02) (9.54)
Urban 0.014*+ 0.006*+* 0.015%% 0.014* 0.006*+*
(13.17) (5.13) (10.95) (12.45) (522)
Trade_open -0.017 0.0624* 0.0954%* 0.006 0.083+*
(-1.17) (4.35) (5.07) (0.38) (5.38)
Pop_density 0.025 03484 0.370%%* 0.020 0.35744
(1.00) (13.66) (11.47) (0.78) (13.57)
_cons 6.3234 ~6.190* 0.908*%* 4.581%% —3.2210%
(12.15) (~11.45) (3.95) (24.86) (~14.59)
N 2,941 2,909 2,786 2,795 2,774
R 0.488 0.528 0.263 0.491 0.513
country FE YES YES YES YES YES
Time FE YES YES YES YES YES

economic system, they are more inclined to invest in enterprises
reliant on traditional fossil fuels, further increasing carbon emission
intensity (Kostakis, 2024). Zhang et al. (2022a) point out that
financial globalization can encourage cross-border economic
activities, promote domestic industrial development, and have a
negative impact on the environment.

However, as the degree of financial globalization rises, domestic
enterprises may be able to allocate additional funds to environmentally
friendly sectors, particularly green technology and related fields, helping
to reduce the country’s carbon emissions (Ulucak et al., 2020). When a
country’s financial openness reaches a certain threshold, foreign capital
investors gain a deeper understanding of the domestic economic
structure and become more inclined to invest in areas that promise
long-term sustainable developmentt (Zhao et al., 2023). At this point,
this negative effect of financial openness on carbon emission intensity
outweighs the previously noted promotional effect. Therefore, the
development of financial globalization has an inverted U-shaped
nonlinear relationship with carbon emission intensity overall, with
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carbon emission intensity first increasing and then decreasing as the
level of financial openness rises. Based on this, the following hypothesis
is proposed:

H1: Financial openness has an inverted U-shaped nonlinear
relationship with carbon emission intensity across countries, with
the intensity first increasing and then decreasing.

3.2 The mechanisms by which financial
openness impacts carbon emission intensity

Figure 1 have shown the mechanisms how financial openness
affect carbon emission intensity. A country’s financial globalization
has a U-shaped relationship with its renewable energy share and
energy efficiency across countries, with an initial negative effect
followed by a positive one. In the early stages of financial openness,
global capital tends to prioritize investments in traditional industrial
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TABLE 9 Intermediate effects test of technology progress.

10.3389/fenvs.2025.1555143

() (€))
Variables
technology technology
kof 0.860*+ 0.076* 1.276** ~0.132 ~0.270
(2.63) (1.67) (2.24) (-0.31) (-0.49)
kof2 ~0.104** ~0.156* 0.013 0.040
(-243) (-2.11) (0.23) (0.56)
Technology —0.105%** —0.183%**
(-5.55) (-7.59)
gdp_per —0.211%+ 0.084* 0.092°°* ~0.196** 0.818*
(~10.76) (2.79) (3.03) (-8.53) (27.99)
Urban 0.016*** 0.000 ~0.000 0.015%*% 0.019%%
(11.47) (0.15) (-0.06) (9.16) (9.16)
Trade_open 0.056*** 0.163*** 0.174*%% 0.105%** 0.094***
(3.19) (5.77) (6.06) (4.79) (3.39)
Pop_density 0.362*** 0.149** 0.142%* 0.592%** 0.805%**
(11.44) (2.30) (2.20) (12.12) (12.97)
_cons -0.635 —1.4154+ ~3.7144% 0375 -0.983
(-0.98) (-3.14) (-3.15) (0.42) (-0.87)
N 2,926 1721 1721 1721 1721
R 0.260 0.166 0.168 0.503 0.443
Country FE YES YES YES YES YES
Time FE YES YES YES YES YES

sectors, which mostly rely on traditional fossil fuels, such as oil and
coal (Aydin and Turan, 2020). Due to their high capital
requirements and the significant risk of trial and error, foreign
investors during the initial phase of financial openness do not favor
renewable energy projects. Therefore, in the short term, an
increase in the level of financial globalization has a negative
impact on the proportion of renewable energy use.
Additionally, as these traditional industrial projects often
require the consumption of substantial fossil fuel, energy
efficiency also declines with the rising level of financial
globalization, indicating that in the early stages, an increase in
the degree of financial globalization has a negative effect on both
the proportion of renewable energy consumption and energy
efficiency (Zhang et al., 2022b).

However, as financial globalization reaches a higher level, the
investment space for traditional industries gradually saturates. As a
result, foreign capital becomes focused on new technological areas
with relatively higher risks but also richer returns, increasing
support for the renewable energy industry. Many countries face
funding shortages in developing their renewable energy industries,
and foreign capital can effectively alleviate the financing constraints
encountered when converting renewable energy technologies into
products. For individual consumers, financial openness provides

financial support, enhancing their consumption capacity in the
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renewable energy sector (Koengkan et al, 2020; Wang et al,
2023). During production, firms have sufficient funds to improve
technology and enhance their energy efficiency. At a higher level of
financial openness, financial globalization has a positive effect on
both the proportion of renewable energy use and energy efficiency.
Based on the above analysis, an increase in the level of financial
openness has a U-shaped relationship with the proportion of
renewable energy use and efficiency, first inhibiting and then
promoting these.

Numerous studies show that the proportion of renewable energy
use and energy efficiency are negatively correlated with carbon
emission intensity across countries (Wang, 2022; Zhu et al,
2023). Renewable energy generates significantly less carbon
dioxide during use than traditional fossil fuels. Therefore, the
higher the proportion of renewable energy in the energy mix, the
lower the carbon emission intensity (Koengkan et al, 2018).
Improvements in energy efficiency can reduce carbon dioxide
emissions by lowering energy consumption during production
(Zhang et al., 2022a). Based on this, the following Hypotheses 2,
3 are proposed:

H2: Financial openness can have a nonlinear effect, which first

increases and then decreases carbon emissions through renewable
energy consumption.
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TABLE 10 Heterogeneity analysis of different values of financial
development.

10.3389/fenvs.2025.1555143

TABLE 11 Global Moran'’s index of carbon emission intensity and the
financial openness index.

Variables

kof 1,492 0.824* 2000 0230+ 5.621 0.310%+ 7.428

(3.06) (1.71) 2001 02310 5.639 0.330°* 7.917

kof2 ~0.1754* -0.121* 2002 0.240%%* 5.849 0.316"* 7.587

(-2.87) (-1.87) 2003 0.247 6.004 0334 8.017

gdp_per ~0.1274* -0.338** 2004 0.245% 5.939 0332 7.938

(-5.47) (-11.76) 2005 0.243% 5.893 0.329"* 7.883

Urban 0.012*%* 0.013* 2006 0.240%%* 5.819 0343 8.213

(8.58) (5.72) 2007 0247+ 5.976 0350+ 8.358

Trade_open ~0.078** 0.270°* 2008 0.250%%* 6.035 0343 8.192

(-4.55) (9.06) 2009 0.246°* 5.942 0.359"* 8.583

Pop_density 0.326 0.172%* 2010 0.234%%* 5.674 0332%% 7.957

(7.88) (3.54) 2011 0246 5.941 03207+ 7.659

_cons -2.376** 1.508 2012 0267 6.453 0.302%* 7.237

(-237) (1.62) 2013 0264+ 6373 0293+ 7.038

Observations 1,525 1,401 2014 0.279%%* 6.727 0.298"* 7.158

R-squared 0525 0237 2015 0280+ 6.748 0.315% 7.544

Country FE YES YES 2016 0.282°%* 6.798 0.310°* 7.422

Time FE YES YES 2017 0299+ 7.180 03147 7.513

2018 0.295% 7.087 0.285%* 6.847

H3: Financial openness can have a nonlinear effect, which first 2019 0.298** 7.153 02907+ 6951

increases and then decreases carbon emissions through 2020 0317%%% 7609 0285+ 6.839
energy efficiency.

2021 0332 7.950 0.278%* 6.682

Financial opening can also promote carbon reduction activities
by facilitating technological progress. Innovative requires
significant capital investment in the early stages. Therefore,
enterprises may face financing constraints when engaging in
product research and development and investing in innovation.
As a country’s financial openness increases, enterprises can obtain
funds for innovation, research and development at a lower cost
(Kihombo et al, 2022). As technological levels improve,
enterprises in industrial production can employ more advanced
machinery and equipment, such as energy-intelligent management
systems and big data technologies, to enhance their ability to
monitor energy use. This allows for process-level improvements
and reduced energy waste during production. As a result, the
energy consumption per unit of output in production decreases,
and energy efficiency improves, promoting carbon reduction
(Zhang et al., 2022a). Based on this, the following Hypothesis 4
is proposed:

H4: Financial openness can reduce carbon emission intensity by
promoting technological progress.

Frontiers in Environmental Science

3.3 Spatial spillover effect of financial
openness on carbon emission intensity

A country’s process of financial opening may have a spatial
spillover effect on the carbon emission intensity of neighboring
countries. Climate change is a global issue, and a country’s carbon
emissions can diffuse to adjacent regions, producing spillover effects
on the neighboring countries. Furthermore, similar to economic
behavior, cross-border financial investment also exhibits a
geographical agglomeration effect (Portes and Rey, 2005).
Therefore, an increase in the level of financial openness in a
country may have an inverted U-shaped nonlinear relationship
with the carbon emission intensity of adjacent regions; this
impact is affected by technological innovation and changes in
energy structure.

In the early stages of openness, investments in a country’s

traditional industrial enterprises will increase. Trade between
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FIGURE 1
Impact of financial openness on carbon emission intensity.
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FIGURE 2
The relationship between kof and marginal impact of financial
openness on carbon emission intensity at different level of financial
development. Note:Since kof has an inverse U-shaped relationship on
cei kof will have a linear relationship between financial openness
with marginal impact of financial openness on carbon
emission intensity.

adjacent countries is more frequent than that between those more
geographically distant, so the development of industrialization in
one can lead to increased industrialization investments in
neighboring countries through trade channels, both of which
increase the carbon emission intensity of neighboring countries.
Financial openness also enhances a country’s technological level,
and this spills over to neighboring countries through channels such

as information exchange. An improvement in a country’s

Frontiers in Environmental Science

technological level helps neighboring countries improve their
production processes and reduce energy consumption during
production, thereby lowering carbon emission intensity. Based on
this, Hypothesis 5 is as follows:

H5: A country’s financial openness has an inverted U-shaped
nonlinear relationship with the carbon emission intensity of
neighboring countries

4 Empirical tests
4.1 Variable and sample selection

We select annual data from 146 countries from 2000 to 2021,
resulting in more than 3,200 observations. The sample size in this
study is significantly larger than in previous research, which helps
prevent potential biases due to insufficient country samples. The
selection of the sample period is mainly based on the availability of
data. During the COVID-19 pandemic in 2020-2021, the economic
and financial structures of countries may have undergone significant
changes, which could impact the conclusions of this study. We
address this potential bias in the robustness checks section. The
main explanatory variable is financial openness, and the dependent
variable is carbon dioxide emission intensity. Data sources are from
the WDI database. The selection and description of relevant variable
indicators are as follows:

4.1.1 Dependent variable
4.1.1.1 Carbon emission intensity (Incei, Inpce)

In related studies, carbon emission intensity (cei, average
CO2 emissions per unit of GDP) and per capita carbon
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TABLE 12 Spatial model selection test.

10.3389/fenvs.2025.1555143

Model selection LR statistics P Value Conclusion
SDM VS SAR 247.79 <0.001 We can reject that SDM mode is not better than SAR model
SDM VS SER 214.31 <0.001 We can reject that SDM mode is not better than SER model
FE VS RE 40.55 <0.001 We can reject that FE mode is not better than RE model

emissions (pce) are often used as proxies for carbon emissions (Dong
etal,, 2022). Following Dong et al. (2022), we adopt carbon emission
intensity (cei) as the proxy for carbon emission levels in the baseline
analysis; in the robustness check, we use each country’s per capita
carbon emissions (pce) as the dependent variable. To reduce the
characteristic of heteroskedasticity, we take the logarithm of the data
indicators.

Drawing on Dong et al. (2022), we select the following control
variables: economic development, urbanization level, trade openness
and population density. The selection and description of indicators
for each variable are as follows.

4.1.2 Explanatory variables
4.1.2.1 Financial globalization level (kof,KA)

Drawing on Koengkan et al. (2018) and Shahzad et al.
(2022), we adopt the financial sub-index from the KOF Index
compiled by Gygli et al. (2019) as a proxy for the level of
financial openness for the baseline analysis. This index
encompasses several factual indicators of financial
globalization: foreign direct investment, international debt,
portfolio investments, balance of payments, and reserves. In
the robustness check, we select the KA index compiled by Chinn
and Tto (2008) as the proxy for financial openness in a legal
sense. Higher values of KOF and KA indicate a higher level of
financial globalization in a country.

4.1.3 Control variables
4.1.3.1 Economic development level (gdp_per)

Per capita GDP is used to represent the level of economic
development; generally, a higher level of economic development
is associated with lower carbon emission intensity.

4.1.3.2 Urbanization level (urban)

The proportion of the urban population to the total
population is used as a proxy for the level of urbanization,
with data sourced from the World Development Indicators
(WDI)
concentration

database. Urbanization may increase population

and accelerate industrialization, increasing
carbon emission activities. There is often a positive correlation
between a country’s level of urbanization and its carbon

emission intensity.

4.1.3.3 Trade openness (trade_open)

Trade openness is measured by the proportion of imports and
exports to GDP, with data sourced from the WDI database. Trade
openness affects and the production of
intermediate and final goods in a region; there is typically a

consumption

positive correlation between trade openness and CO2 emissions
(Zhang et al., 2017).
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TABLE 13 Spatial spillover effects of financial globalization on carbon
emission intensity.

()] (2) )] (6)
VARIABLES Main Wx Direct Indirect
kof —0.117%% | 0.296"* | 0125 0277 0.152*
(-3.59) (2.99) (-3.69) (3.09) (1.93)
kof2 0.888°* | —2489%°C  0.949% | —2319%  —1369*
(3.73) (-3.42) (3.87) (~3.48) (-2.33)
gdp_per ~0.560**  -0.015  —0.560"*  0.081** —0.479%**
(-26.06) = (-0.30)  (-23.77) (1.98) (~13.15)
Urban 0.018%* | 0.030"*  0.017+ 0.023 0.040*
(12.52) (8.39) (10.89) (7.36) (12.81)
Trade_open 0204 | —0.059% | 0.295** | —0.099**  0.196"**
(34.76) (-2.05) (30.01) (-3.76) (7.03)
Pop_density 0.185° | -0.020 | 0.188*** ~0.054 0.134*¢
(3.54) (-0.22) (3.62) (~0.65) (2.13)
Observations 2,814 2,814 2,814 2,814 2,814
Country FE YES YES YES YES YES
Time FE YES YES YES YES YES

4.1.3.4 Population density (pop_density)

The per capita land area is used as the proxy for population
density. Higher population density is associated with higher carbon
emission intensity.

4.1.4 Mediating variables
4.1.4.1 Renewable energy use ratio (renewable)

The proportion of renewable energy use in total energy
consumption serves as the proxy variable for renewable energy
use intensity. A higher value indicates a greater proportion of
renewable energy use.

4.1.4.2 Energy efficiency (energy_int)

The energy intensity level of primary energy from the WDI
database is used to represent energy efficiency. A higher value
indicates higher energy consumption per unit of GDP.

4.1.4.3 Technological progress (technology)

Drawing on relevant references, we use the number of patent
applications per capita as the proxy variable for technological
progress. The number of patent applications is sourced from the
WIPO database, and the total number of patent applications is
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divided by the total population to measure the technological level of
each country.

Data Specification and description analysis could been seen in
Table 1, 2.

4.2 Model principles
4.2.1 Baseline regression

We employ static panel regression to investigate the
relationship between financial openness and carbon emission
intensity. This method is the most common methodology
in empirical studies. We could use this method to conduct
further reserach such as spatial spillover effect. The PARDL
model is commonly used in the related literature (Wang et al,,
2023); this model is one of the panel time series models
that are more suitable for data with a large number of time
periods (T) and a small number of cross-sectional units (N).
However, in this study, we have a relatively large number of
countries and a short interval, making panel regression a more
appropriate choice.

As shown in Equation 1, we employ a panel regression model
to examine the relationship between the degree of financial
globalization and carbon emission intensity across countries.
We assume that the relationship between the financial openness
and carbon emission intensity may be nonlinear. To mitigate the
impact of potential omitted variables and endogeneity, the model
includes both country and year-fixed effects. Given that the
relationship between the two may be nonlinear, we include
linear and quadratic terms of financial globalization in the
baseline regression.

Inceiy = B, + B kof +[3lkof,-t2 + B, X + i+, + € (1)

In this context, Incei; denotes the logarithmic value of carbon
emission intensity for each country, ko f;; represents the degree of
financial openness for each country, X; represents the control
variables A; and p, respectively representing the fixed effects that
do not change over time and across countries, and ¢;; is the random
error term, which are other factors that could affect Incei and are
uncorrelated with independent variables and control variables. We
assume that g; is normally distributed and there is no
autocorrelation.

4.2.2 Intermediary-effect model

In addition to having a direct impact on carbon emission
intensity, financial globalization can also indirectly impact
the
proportion of renewable energy use, energy use efficiency, and
technological progress. We examine the mechanism through

emission intensity by influencing factors such as

which the level of financial openness affects carbon emission
intensity across countries using a mediation model as shown in
Equations 2, 3.

midy = ag + orkofiy + oczkofitz +oXy + A+, + € (2)
Inceiy = y, + y,kofu + ko fi + ysmidy +p,Xie + i + 4, + €4
(3)
In this context, mid; denotes the corresponding mediation
variable and the meaning of the remaining variables is consistent
with those for Equation 1.
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4.3 Panel regression analysis

4.3.1 Baseline results

With the panel setting in Equation 1, we conduct panel
regression using the degree of financial openness as the
explanatory variable and the carbon emission intensity as the
dependent variable. As presented in Column (1) of Table 3, only
the first and second terms of financial openness were incorporated in
the regression. The level of economic development is included as a
control variable in Column (2), and all control variables are included
in Column (3). The results in Columns (1), (2), and (3) of Table 3
show that the first term of kof is significantly positive at the 1% level,
while the second term of kof is significantly negative at the 5% level.

Financial openness has a nonlinear U-shaped relationship with
carbon emission intensity. For instance, as shown in Column (3), the
regression coefficient of financial openness is 0.86, indicating that
when financial openness lever increase by one standard deviation of
0.331,the carbon intensity per unit of GDP will decrease by an
average of 28.5%. Among the relevant control variables, the
coefficient of economic development is significantly negative,
suggesting that an increase in income levels has a negative
impact on carbon emissions. In contrast, an increase in levels of
urbanization, trade openness, and population density has a positive
effect on carbon emission intensity. Some studies find that financial
openness on carbon emission intensity (Aydin and Turan, 2020;
Ulucak et al., 2020). Other studies find that financial openness could
lead to an increase carbon emission intensity (Koengkan et al., 2018;
Kostakis, 2024). Our study provide a general conclustion about the
relationship between the two variables.

4.3.2 Robustness test
4.3.2.1 Change in variable measurement

In the results of the baseline analysis, following Gygli et al.
(2019), the sub-index of finance of KOF globalization Index serves as
the proxy variable for the level of financial openness. Another
commonly used measure of financial openness is the Chinn-Ito
Financial Openness Index (Chinn and Ito, 2008), which we then
employ as the explanatory variable and re-run the panel regression,
with the results summarized in Column (1) of Table 4.

We select carbon emission per unit of GDP as the proxy for the
level of carbon emissions across countries as the dependent variable
in the baseline regression. We then use carbon emission per capita
(Inpce) as the dependent variable. The results are shown in Columns
(2) and (3) of Table 4. As seen in Table 4, under different
specifications, regardless of whether we use the Chinn-Ito
Financial Openness Index or the KOF Index, the regression
coefficient of the quadratic term is significantly negative at the
1% level; the regression coefficient of the linear term is significantly
positive. Thus, there is a nonlinear inverted U-shaped relationship
between financial openness and carbon emissions, which is
consistent with the results of the baseline regression.

4.3.2.2 Panel quantile regression

In the baseline analysis, we examine the overall relationship
between financial openness and carbon emission intensity across
countries using static panel regression. However, the relationship
may vary at different values of carbon emission intensity. We
investigate this using a panel quantile regression model. The
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results in Table 5 show that at various quantile points of carbon
dioxide emission intensity, the regression coefficients of the linear
term of financial openness are significantly positive, while the
coefficients of the quadratic term are mostly significantly negative
at the 1% level. This further demonstrates the inverted U-shaped
nonlinear relationship between financial openness and carbon
emissions across countries. The conclusions of this paper are robust.

4.3.2.3 Other robstness test

In addition to changing the measures of the main variables and
conducting panel quantile regression, we conduct several further
robustness checks. First, to avoid the impact of the COVID-19
pandemic on our conclusions, we shorten the sample period and run
the panel regression for the period 2000 to 2019, with the results
summarized in Column (1) of Table 6. Second, in addition to its
impact on current carbon emission intensity, financial openness
may be affected by carbon emission intensity in reverse. We avoid
the issue of reverse causality by lagging all explanatory variables by
one period and re-run the regression, with the results summarized in
Column (2) of Table 6.

Third, considering the potential issues of cross-section
dependency, auto-correlation, and heteroskedasticity, we use the
method proposed by Driscoll and Kraay (1998) to correct the
covariance matrix and obtain robust standard errors, ensuring
the accuracy of statistical inference. The regression results are
summarized in Column (3) of Table 6. Fourth, extreme values of
variables may have an impact on the regression results. Therefore,
we winsorized all variables at the 1% and 99% levels for each year
and re-run the regression analysis, with the results summarized in
Column (4) of Table 6. Finally, to alleviate the issue of reverse
causality and considering the lagged effect of carbon emission
intensity in the preceding periods, we use the systematic GMM
method to analyze the relationship between financial openness and
carbon emission intensity through systematic dynamic panel
regression, with the results summarized in Column (5) of Table 6.

The results in Columns (1) to (5) of Table 6 show the regression
coefficients of the linear term of KOF are significantly positive at the
10% level, while the coefficients of the quadratic term are
significantly negative. This verifies that the level of financial
inverted U-shaped
carbon emission across countries, confirming the accuracy of

globalization has an relationship ~ with

Hypothesis 1.

4.3.3 Mechanism test

In the theoretical analysis in Section 3.2, we found that the
inverted U-shaped nonlinear relationship between financial
openness and carbon emission intensity is effected through
changes in the share of renewable energy consumption and
energy efficiency, as well as by promoting technological progress
to facilitate carbon reduction. We then use mediation effects to
explore the mechanism by which financial openness impacts carbon
emission intensity with these indicators as mediating variables. The
results are summarized in Tables 7, 8, and 9.

As shown in Column (2) of Table 7, when the dependent
variable is the share of renewable energy use in total energy
consumption, the coefficient of the linear term of the KOF Index
is —21.39, and the coefficient of the quadratic term is 2.48, both
significant at the 10% level. It suggests that financial globalization
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has a U-shaped relationship with renewable energy use, initially
causing an increase before leading to a decrease.

This conclusion also applies to energy efficiency. As shown in
Column (2) of Table 8, when energy intensity is taken as the
dependent variable, the coefficients of the linear and quadratic
terms of the KOF Index are significantly positive and negative,
respectively, at the 1% level. Because of the inverse relationship
between energy intensity and energy efficiency, this result
demonstrates the U-shaped effect of financial openness on
energy efficiency.

In the early stages of financial openness, foreign capital invests in
traditional industries and fossil energy sectors, increasing the
proportion of traditional energy in the energy mix and reducing
energy efficiency. However, when financial globalization reaches a
certain level, foreign capital investment in renewable energy sectors
increases and improves energy consumption in production
processes, thereby exerting a negative effect on the share of
renewable energy use and energy efficiency. Overall, financial
globalization has

a U-shaped nonlinear relationship with

renewable energy consumption and energy efficiency
across countries.

However, both the share of renewable energy usage and energy
efficiency have consistently negative marginal effects on carbon
emission intensity, as shown in Column (3) of Tables 7, 8. When
carbon emission intensity is taken as the dependent variable, the
coefficient of renewable energy use is negative, and that of energy
intensity is significant at the 1% level. The above indicates that while
financial globalization has a U-shaped relationship with the share of
renewable energy consumption and energy efficiency, both have
negative effects on carbon emission intensity. We verify the
robustness of our conclusions by replacing the main explanatory
variable from the KOF Index with the KA financial openness index
in Columns (4) and (5) of Tables 7, 8; the conclusions are consistent
with those obtained using the KOF Index, validating Hypotheses
2, 3.

Financial openness can also promote carbon reduction by
facilitating technological progress. With reference to Yi et al.
(2024), we use the number of patents granted per capita in each
country as a proxy for the country’s level of technological progress
and conduct mediation tests. As shown in Column (2) of Table 9,
when the dependent variable is the degree of technological progress
in each country, and only the linear term of the KOF Index is
included, its regression coefficient is significantly positive at the 10%
level. However, in Column (3), when both the linear and quadratic
terms of the KOF Index are included in the regression model, neither
is significant, indicating that financial globalization has a unilateral
positive effect on the level of innovation.

However, as shown in Columns (4) and (5) of Table 9,
technological progress has a unilateral negative impact on carbon
emission intensity and per capita carbon emissions. This also
suggests that an increase in the level of a country’s financial
openness will decrease carbon emissions by promoting
progress, 4. Financial

globalization can alleviate financing constraints and funding

technological validating  Hypothesis
constraints, thereby promoting technological innovation. With
the improvement in the level of technological innovation, more
environmentally friendly new materials can be used in industrial
production, and processes can be improved, thereby reducing
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carbon emission intensity. In other words, financial openness can
reduce carbon emission intensity by promoting technological
innovation, validating Hypotheses 4.

4.4 Heterogeneity analysis

4.4.1 Results of heterogeneity analysis by level of
financial development

The relationship between the level of financial openness and
carbon emission intensity may vary depending on the level of
financial development. We investigate this potential heterogeneity
by dividing the sample into a high-financial-development group and
a low-financial-development group based on the median financial
development of each country in each year. As shown in Table 10,
within each sub-sample, the regression coefficient of the linear term
of financial openness is significantly positive at the 1% level, while
the regression coefficient of the quadratic term is significantly
negative. There is, thus, an inverted U-shaped relationship
between financial openness and carbon emission intensity,
consistent with the results of the benchmark analysis.

We further consider heterogeneity by graphing the marginal
impact of financial openness on carbon emission at each value of
financial openness for each sub-sample. As shown in Figure 2, at a
certain level of financial openness, the marginal coefficient of
financial openness on carbon emission intensity is smaller for the
sub-sample of countries with a high level of financial development
than for the sub-sample with a low level of financial development.
This suggests that for higher levels of financial development, the
marginal negative impact of financial openness on carbon emission
intensity is stronger.

When a country’s financial development is relatively high, the
resource allocation efficiency of its financial market will be higher,
the degree of competition in its financial system will be greater, and
the development in areas such as green finance will be more
advanced. Foreign capital entering the country may be more
willing to invest in long-term sustainable development and low-
carbon technologies, thereby increasing the negative effect of
financial openness on carbon emission intensity.

4.5 Spatial spillover effects of digital
economy development on carbon emissions

4.5.1 Spatial auto-correlation test

Before examining spatial panel relationships, it is necessary to
first establish a spatial distance matrix. Following the approach of
Yao et al. (2023), we select the reciprocal of the squared distance
between national capitals as the elements of this matrix. The data on
distances between national capitals are sourced from the CEPII
database. We first employ the global Moran’s index to test the
presence of spatial dependency for carbon emission intensity and
the KOF Index for each country, analyzing whether there is a
significant positive correlation between the degree of financial
globalization —and  carbon  emission intensity = among
adjacent countries.

As shown in Table 11, between 2000 and 2021, the global

Moran’s I index for carbon emission intensity ranged from
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0.2 to 0.3, while for financial globalization, this value was
mostly above 0.3, indicating the presence of positive spatial
auto-correlation between countries’ financial globalization
of
significance, the p-values of the Z-test statistics are all less

indices and carbon emission intensity. In terms
than 0.01, suggesting that the spatial auto-correlation test is
also statistically significant. For two geographically adjacent
countries, the patterns of change in carbon emission intensity
and financial openness are similar. Notably, over time, and
especially in recent years, the Moran’s I index for carbon
emission intensity among countries shows an upward trend.
For instance, in 2010, the spatial Moran’s I index for carbon
emission intensity among countries was 0.234, which rose to
0.332 in 2021. There is an increase in the spatial auto-
correlation between countries’ carbon emission intensities.
This suggests that when studying the impact of financial
globalization on carbon emission intensity, the potential
spatial spillover between variables should be considered.
Therefore, we use a spatial panel model to analyze the impact
of an increase in the level of countries’ financial openness on the

carbon emission intensity of neighboring countries.

4.5.2 Spatial panel-regression results

The development of the financial openness in a particular region
influences the carbon emission levels within that region and may
impact the carbon emissions of neighboring regions. Next, we
employ a spatial panel regression model to investigate this
potential effect.

First, we select the appropriate spatial panel regression model
through the likelihood ratio (LR) test. The results of the LR test
indicate that, at the 1% significance level, we can reject the null
hypothesis that the spatial Durbin model (SDM) can be degraded
into the spatial error model or spatial autoregressive model (with LR
test values of 78.16 and 68.44, respectively, and corresponding
p-values of less than 0.0001). Therefore, we choose the SDM
model to study the spatial spillover effects of financial openness
on carbon emission intensity in other regions. We use the Hausman
test to compare the applicability of the fixed- and random-effects
model. As shown in Table 12, at the 1% significance level, there are
significant differences between the fixed- and random-effects model
in the regression coefficients, suggesting that the fixed-effects model
is more appropriate.

It is worth noting that the coefficient of spatial lagging terms
might not fully capture the spatial spillover effects of financial
globalization on carbon emission intensity in SDM (Elhorst,
2012). Therefore, we both summarize the coefficients estimated
by the SDM model and the direct, indirect, and total impacts of
each explanatory variable on carbon emission intensity. The indirect
impact represents the spatial spillover from neighboring countries
on a country’s carbon emission intensity. From Table 13, for the
indirect effect of financial openness on neighboring countries, the
regression coefficient for the first-order term of the KOF Index is
8.147, and the coefficient for the second-order term is —1.022, both
significant at the 1% level (with the inflection point of the KOF index
being 3.99). This indicates that a country’s financial globalization
has an inverted U-shaped nonlinear spillover effect on carbon
emission intensity in neighboring countries, confirming the

accuracy of Hypothesis 5.
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5 Conclusion and policy implications

Climate change poses a global challenge, and financial
globalization is an important feature of the modern economy.
Analyzing the relationship between these two factors can help
governments better implement carbon reduction policies. This
paper uses cross-country panel data from 146 countries from
2000 to 2021 to study the impact of financial globalization
indices on carbon emission efficiency across different countries.
The research findings of this paper are as follows.

Firstly, there is an inverted U-shaped nonlinear relationship
between a country’s degree of financial openness and its carbon
emission intensity. That is, financial globalization initially has a
positive effect on a country’s carbon emission intensity, but after a
certain turning point, its impact turns negative. This conclusion
remains valid after changing the measure for the explained and
explanatory variables, conducting quantile regression, altering the
sample interval, and employing dynamic panel regression. This
result goes some way to explain the differences in the literature
regarding the impact of financial openness on carbon emission
intensity. At different stages of financial openness, the impact on
carbon emission intensity will vary significantly. The turning point,
where the relationship changes from positive to negative, is
particularly significant in countries with more developed financial
systems, which are better equipped to handle the technological and
energy efficiency improvements associated with financial openness.

Second, we compared the impact of financial openness on
carbon emission intensity under different levels of financial
development. We showed that with a higher level of financial
development, the negative effect of financial openness on carbon
emission intensity is stronger. This suggests that countries at
different stages of financial development experience different
impacts from financial openness. Countries with more advanced
financial systems are better able to leverage financial openness to
promote clean technology and energy efficiency, thus mitigating the
environmental impact of financial globalization.

Third, we used a mediation model to examine the mechanism by
which financial openness impacts carbon emission intensity across
countries. We found that financial openness has an inverted
U-shaped nonlinear relationship with carbon emission intensity
through the proportion of renewable energy use and energy
efficiency. However, financial openness also unilaterally inhibits
carbon emission intensity by promoting technological progress.
The promotion of technological progress is a key factor in
reducing carbon emissions, as it encourages more efficient energy
use and facilitates the transition to renewable energy sources.

Fourth, considering the apparent spatial auto-correlation
between financial globalization levels and carbon emission
intensities among countries, we used an SDM model to study the
impact of a country’s financial openness on the carbon emission
intensity of neighboring countries. The results indicate that the
development of a country’s financial openness may have an inverted
U-shaped spatial spillover on the carbon emission intensity of
neighboring countries, first increasing and then decreasing.
Currently, there are few studies that consider the environmental
impact of financial openness on neighboring countries, and this
paper provides a useful supplement. At the same time, the research
in this paper suggests that countries in a region should, to some
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extent, cooperate and coordinate in the process of financial
openness. These research conclusions lead to the following
insights. These spillover effects highlight the importance of
regional cooperation in aligning financial and environmental
policies to avoid negative externalities.

Firstly, governments should implement different strategies at
different
environmental effects. Our conclusions show that the impact of

stages of financial openness to achieve optimal

financial openness on carbon emission intensity exhibits phased
changes as a country progresses in its process of opening. Therefore,
in the initial stage of financial liberalization, countries need to focus
their attention on identifying and mitigating the potential negative
environmental impacts of financial globalization. At this stage,
countries should strengthen their regulatory frameworks and
prioritize investments in cleaner technologies to prevent the
adverse environmental effects of early financial openness. Once
financial openness reaches a relatively high level, countries
should actively leverage international resources to incentivize
domestic investment in green projects, aiming to reduce carbon
emissions and thereby enhance the country’s overall environmental
performance and efficiency.

Second, in the process of financial openness, governments
should actively guide foreign capital flows to high-tech and
environmentally friendly industries, giving new impetus to
carbon reduction activities. This study points out that financial
openness can effectively promote technological progress and
increase the proportion of renewable energy in total energy
consumption, thereby advancing carbon reduction. Therefore,
policymakers wishing to reduce domestic carbon emissions
should attract foreign investment through preferential measures
into areas that improve energy use efficiency and optimize energy
structures. Governments can also incentivize investment in green
technologies and renewable energy by providing targeted subsidies
or tax incentives.

Third, considering the potential spatial spillover effects of a
country’s financial openness on the carbon emissions of neighboring
countries, regional economies should establish coordination and
cooperation mechanisms for financial openness to prevent carbon
emission issues resulting from policy inconsistency. Regional
agreements or platforms focused on green finance could help
align environmental policies, promote shared investments in
sustainable projects, and create a unified approach to addressing
climate change. At the same time, building green financial
cooperation platforms is an effective way for regional economies
to jointly address the challenges of climate change and achieve
efficient environmental governance.

In the current study, we focused on the impact of financial
openness on carbon emission intensity. However, carbon emission
levels are only one aspect of human activities’ impact on the
environment. Future research could explore the effect of financial
openness policies on ecological footprints. Additionally, it would be
valuable to investigate the impact of financial openness on micro-
level firms to enrich the content of the paper. Beyond financial
openness itself, future studies could also examine the synergetic
effects between financial openness and domestic financial policies
(such as green finance) on environmental outcomes. We believe
these directions for future research will provide new insights and
contributions to the field.
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