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Abstract
The Belt and Road Initiative (BRI) is one of the largest infrastructure projects in the world, 
accounting for more than 30% of global GDP and 60% of world population. The economic 
growth of BRI member countries can be improved significantly, attributable to the success‑
fulness of the infrastructure projects. The increased economic growth indirectly leads to 
higher energy consumption and environmental damage. In response to this, the BRI estab‑
lished a new concept and version of the project, namely green BRI. Thus, this study aims 
to examine if green finance plays a significant role in mitigating environmental degradation 
in the BRI region. Utilising a Generalised Method of Moments approach, we find green 
finance is negatively and significantly correlated with environmental degradation, suggest‑
ing green finance play an essential role to reduce the deterioration of environmental qual‑
ity, while enhancing economic growth at the same time. In conclusion, BRI member states 
should continue promoting green finance by implementing incentive schemes, such as 
subsidising interest rates for the green loan, reducing corporate tax and establishing green 
credit guarantee scheme. Besides, in order simultaneously enhance economic growth, pro‑
mote sustainability and achieve the 2030 Sustainable Development Goals, both govern‑
ments and private sector should work hand in hand to promote green transformation of 
BRI.
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1 Introduction

The Belt and Road Initiative (BRI), formerly known as One Belt One Road, was initiated 
by the President of China, Xi Jinping, in 2013 (Chen et al., 2017). The BRI is one of the 
largest infrastructure projects in the world with the aim of connecting the ‘Silk Road Eco‑
nomic Belt’ with the ‘Twenty‑first Century Maritime Silk Road’. In short, it will connect 
China with South and Southeast Asia, Africa, the Middle East, as well as Europe (Thürera 
et  al., 2020). Thus, this gigantic project accounts for more than 30% of the global GDP 
and 60% of the world’s population (Islam, 2021). As of October 2021, 141 countries and 
32 international organisations have signed up to collaborate on the BRI projects (Advi‑
sory Council of the Belt and Road Forum for International Cooperation in 2019 and 2020, 
2020). Annual investment in the BRI project is estimated to be in the range of 2.9 trillion to 
6.3 trillion dollars (OECD report, 2018).

Focusing on mega infrastructure development projects, the BRI affects the global envi‑
ronment directly and indirectly. According to Zhang et al. (2021a), BRI member countries, 
especially developing countries in Asia and Africa, are trying their best to take advantage 
of lucrative opportunities provided by the BRI by producing the agreed BRI project out‑
comes. However, according to Montalbano and Nenci (2019), due to heavy reliance on 
non‑renewable energy resources for the infrastructure projects, the environment is nega‑
tively affected, worsening environmental degradation. Likewise, Akorede and Afroz 
(2020) signify that the heavy consumption of non‑renewable energy will deteriorate the 
environment quality over time. Besides, Zhang et  al. (2021a) find successful infrastruc‑
ture projects can significantly improve economic growth of BRI member countries. How‑
ever, higher level of economic growth and increase in standards of living indirectly lead to 
higher energy consumption and worsening environmental damage (Shahbaz et al., 2018). 
Likewise, according to The World Bank (2019), although some of the BRI projects such as 
transportation infrastructure projects have increased economic growth significantly, they 
are associated with complex and extensive environmental risks.

Table 1 illustrates World GDP and  CO2 emission data between 2010 and 2018. From 
Table 1, both GDP and  CO2 emissions, which proxy for economic performance and envi‑
ronmental degradation, respectively, demonstrate similar and steadily increasing trends. 
Overall, GDP and  CO2 emissions have increased by 27% and 10%, respectively, from 2010 
to 2018. Thus, in line with prior literature,  CO2 emissions are positively associated with 
economic growth.

In accordance with UNDP (2022), the Sustainable Development Goals (SDGs) adopted 
by the United Nations’ developing and developed member countries in 2015 are a universal 
call to ensure that by 2030, all people are able to enjoy peace and prosperity. The SDGs 
consist of 17 goals, comprising social, economic and environmental sustainability. Out of 
the 17 goals, SDG 7 covers affordable and clean energy, which is critical for environmental 
sustainability. Based on UNDP (2022), providing more efficient and clean energy in the 
world will eventually help to sustain the environment, which in turn will sustain economic 
growth in the future.
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The World Bank (2019) states that China and other BRI member countries are aware 
environmental degradation coexists with economic growth. Therefore, governments of 
these countries are now focusing on green economy and making infrastructure greener 
to mitigate the adverse effects of economic growth. To support and cover broad aspects 
of 2030 SDGs, China is proposing a holistic implementation of the BRI. China is deter‑
mined to enhance green and low‑carbon operation by adhering to environmental protection 
requirements in infrastructure construction standards (OECD, 2018). In addition, high‑
quality Belt and Road cooperation is set up to ensure one of the new BRI concepts, that is, 
cooperation among BRI member countries to develop green technology, green infrastruc‑
ture, and green finance as well as addressing the challenges of environmental protection, 
will be achieved (Advisory Council of the Belt and Road Forum for International Coopera‑
tion in 2019 and 2020, 2020). In addition, under the umbrella of green BRI, China intro‑
duced the environmentally friendly feature of supply chain management system to deliver 
green products to consumer (Abbas et al., 2022b). Apart from the above‑mentioned facts, 
the current robust supply chain network of BRI would sustain the perishable foods quality 
to prevent environmental degradation as the perished food would emit a large amount of 
 CO2 (Abbas et al., 2022a). In short, Green BRI is established to promote new BRI invest‑
ment projects emphasising environmental friendliness, including utilisation of green finan‑
cial instruments (The World Bank Group, 2019).

The nature and scale of BRI projects necessitate huge amounts of capital. Therefore, 
financing is imperative to ensure success of the projects. To enhance economic growth 
through the BRI projects without compromising environmental quality, green finance, such 
as green bonds and carbon market instruments, might be a powerful tool to promote green 
development of BRI. Based on ESCAP (2021), The Green Finance Task Force, established 
in 2017, is a special alliance for the promotion of green financing and investment in the 
BRI projects. It initiates pilot projects offering environmental, social and financial benefits. 
In fact, investments in the green economy via green finance can be profitable in the long 
term. However, ESCAP (2021) further noted that green finance is not yet attractive to tradi‑
tional financing institutions.

Most BRI member countries are developing countries which enjoy economic growth 
at the expense of environmental quality and are not fully aware of green finance. To the 
best of our knowledge, there are no previous studies examining the impact of green finance 
on environmental degradation in BRI region. Thus, this study is an endeavour to study if 

Table 1  GDP and  CO2 emission 
in the world during 2010–2018

Source: World Bank Indicator

Year GDP (constant 2015 billion 
US$)

CO2 emissions 
(million kt)

2010 64,703 31
2011 66,864 32
2012 68,651 32
2013 70,604 33
2014 72,805 33
2015 75,112 33
2016 77,234 33
2017 79,856 33
2018 82,467 34
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green finance plays a significant role in mitigating the environmental degradation in said 
region using a generalised method of moments (GMM) method. The findings of this study 
are imperative as it would fill in the knowledge gap by providing instrumental insight to 
the BRI region, whose members are mainly developing countries, on two key questions: 
Firstly, whether green finance can significantly reduce environmental degradation of the 
BRI region, and secondly, whether economic growth and environmental sustainability 
can go hand in hand. As such, the outcome of this study could serve as a reference to the 
BRI region in evaluating the success of new concepts and the new version of green BRI. 
Furthermore, it provides information to traditional financial institutions in reconsidering 
whether it is worth promoting and shifting their focus to green finance in BRI region spe‑
cifically, and developing countries in general.

The rest of the paper is structured as follows: Sect. 2 provides a review on the green 
finance and environmental protection literature, Sect. 3 explains the data and methodology 
adopted for this study, Sect. 4 presents and discusses the empirical results while Sect. 5 
concludes with policy implications.

2  Literature review on green finance and environmental protection

Green finance is seen as a key driver of environmental protection and sustainable develop‑
ment. Especially with regard to carbon emissions, textbook policies such as carbon taxes 
and emissions have been found problematic. On the one hand, emissions trading systems, 
especially certificates traded on the financial market, are subject to great volatility, exceed‑
ing that of the stock market (Kemfert et  al., 2019), which induces high uncertainty for 
green investments. On the other hand, carbon taxes, while stable and easy to implement, 
are far too slow in initiating substitution processes and can be passed on to customers, 
thus reducing incentive for firms and businesses to switch to green technology (Kemfert 
et al., 2019). Furthermore, a very high tax is needed for the policy to be effective (Heal 
& Schlenker, 2019). From a global perspective, Zhang et  al. (2021a) find pollution bur‑
den shifting among Belt and Road economies, occurring through foreign direct investment 
and preferential trade agreements. Furthermore, they find that environmental provisions in 
trade agreements do not have any binding effect on pollution burden shifting, with middle‑
income countries suffering the most from pollution burden shifting brought about by tech‑
nological innovation.

Therefore, there is a need for a different approach to environmental protection, by 
directly stimulating investment in green technology. On the one hand, this could be done 
through government intervention. Xu et  al. (2022) document financing and allocating 
schemes for the Chinese Green Climate Fund, which aims to support local governments 
in climate change mitigation and adaptation initiatives. They find large historical polluters 
should bear the largest chares of the financing costs, while less‑developed regions would be 
the biggest beneficiaries. A free‑market approach would be to stimulate green investment 
through the use of green finance.

By incorporating the twin goals of environmental protection and sustainable develop‑
ment into investment and financial decisions, green finance has a two‑fold effect: Firstly, 
green finance affects both demand and supply for environmental protection and sustainable 
development. By guiding the flow of funds, it simultaneously guides businesses towards 
environmentally friendly and sustainable production and stimulates consumer interest 
in green consumption. Taufik (2016) provides an example of how non‑compliance with 
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environmental standards can adversely affect cash flow and diminish market value, thus 
showing how a firm’s sustainability performance can materially affect its financial posi‑
tion. Secondly, by focusing on sustainable development, green finance nudges the finan‑
cial industry as a whole to avoid excessive speculation and increase focus on long‑term 
interests (Chen, 2013). Volz (2018) explains further—under green finance, environmental 
screening and risk assessment to meet sustainability standards form the criteria determin‑
ing investment and lending decisions. Furthermore, green finance includes insurance to 
cover environmental and climate risk.

Chen et  al. (2017) study an interesting model of green finance that utilises emission 
right‑based lending. Under this system, firms invest in green technology and pollution 
abatement, which frees up their emission rights. In turn, the emission rights are used as 
collateral to apply for loans. Their theoretical model finds that given reasonable levels 
of market demand, the emission right‑based lending model is profitable to both firm and 
bank, as well as effective in stimulating investment in green technology. Thus, Chen et al. 
(2017) show that green finance is viable profit‑wise.

The key issue facing investment in green technology is cost. Green investments involve 
large initial investments, but only produce returns in the long run. Furthermore, since new 
technology is inherently uncertain with regards to returns, credit ratings will naturally be 
lower. And since the returns to green technology are tied to carbon pricing, any volatility 
in the emissions market will affect the volatility of green investments (Tran et al., 2020). 
Collectively, these increase costs and reduce profitability of green investments. Thus, Kem‑
fert et al. (2019) propose government‑sponsored bonds as an effective tool to de‑risk. By 
guaranteeing all or part of the service and repayment, the government can lower yield and 
capital costs of green investments. This also has the effect of enabling smaller companies 
to participate in the transition towards green technology, thus enabling a wider economic 
transformation, instead of one limited to large firms that face little credit constraints. In 
addition, due to their long terms, bonds are the perfect match for large‑scale infrastructure 
projects needed for green technology, and with greater disclosure requirements than nor‑
mal bonds, green bonds have lower risk, providing investors with returns and the sense of 
social responsibility (Wang & Zhi, 2016). Sachs et al. (2019) consider instead the role of 
green central banking, where central banks can support development of green finance mod‑
els and enforce the pricing of environmental and carbon risk.

However, the question remains on how effective green finance is towards environmental 
protection, which is ultimately an empirical question. Using panel data drawn from the 
Global Footprint Network and the Asian Development Bank, Khan et al. (2021) consider 
the effect of climate mitigation finance (as a proxy for green finance) on the ecological 
footprint in 26 countries, controlling for GDP per capita, population, trade openness and 
energy consumption. They find green finance delivers, that is, it significantly refuses eco‑
logical footprint, even when accounting for country fixed effects. However, it is noted that 
this study suffers from a small sample, and whether self‑selection exists—it may be pos‑
sible that countries facing higher cost in reducing their ecological footprint also invest 
less in green finance as a result. Zakari and Khan (2021) perform a similar study with 
different datasets, but the results are largely the same. Notably, the authors caution against 
using either only public or only private sector‑led green finance, as this ignores the joint 
influences.

In the same vein, Meo and Abd Karim (2022) examine the relationship between 
green finance and carbon dioxide emissions. Implementing a quantile‑on‑quality regres‑
sion, the authors find a negative relationship between green finance and carbon dioxide 
emissions for the USA, Sweden, Hong Kong, the UK and Switzerland, while there are 
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weak relationships for New Zealand, Norway, Japan, Denmark and Canada. However, 
there are variations within each country. Using the USA as an example, the relation‑
ship is positive when green finance levels are low, and when carbon dioxide emission 
levels are high. In contrast, for New Zealand, there is a positive relationship between 
green finance and carbon dioxide emissions for high emission levels, suggesting when 
emissions peak, demand for green investments increases. Overall, while green finance is 
negatively associated with emissions, the effect is asymmetric and varies across emis‑
sions and green finance level, which may suggest a more complex interplay between 
green finance and emissions levels.

Using a sample of 40 European countries, Afzal et al. (2021) investigate the effect of 
financial development on environmental degradation. Using energy use, carbon dioxide 
emissions, greenhouse emissions and natural resource depletion as dependent variables, as 
well as three measures of financial development (domestic credit to the private sector, bank 
credit to the private sector, and foreign direct investment (FDI)), the authors find domestic 
credit and private credit have inverse relationships on all three variables proxying for envi‑
ronmental degradation, but it is noted that FDI is positively associated with carbon dioxide 
and greenhouse emissions, as well as energy use. These suggest the presence of endogene‑
ity issues. For example, FDI depends on economic growth, which causes increased energy 
use and emissions.

Focusing on China, Muganyi et  al. (2021) utilise data from 290 cities between 2011 
and 2018 to consider whether China’s green finance‑related policies have significantly 
reduced industrial gas emissions. Using a difference‑in‑difference approach, they find 
green finance‑related policies led to significant positive environmental outcomes, captured 
by a 38% decline in sulphur dioxide emissions, a 28% decline in industrial gas and smoke 
emissions, and a 20% decline in overall sulphur dioxide production. They also find fintech 
development aids in reducing emissions by facilitating China’s transition to a green finan‑
cial system. However, similar to Khan et al. (2021), the authors are unable to address endo‑
geneity and simultaneity issues.

Likewise, Shen et al. (2021) study Chinese carbon emissions. Using a panel of 30 Chi‑
nese provinces from 1995 to 2017, the authors use the cross‑sectionally augmented autore‑
gressive distributed lags model to estimate both the long‑ and short‑run effects of green 
investment on carbon emissions. Under this approach, the authors find a negative relation‑
ship between green investment and carbon emissions in both short‑ and long‑run, but the 
magnitude of the long‑run effect is noticeable smaller than the short‑run effect. This sug‑
gests some form of diminishing returns over time for green investments, but the authors 
do not explore or explain this further, which may be a worthwhile exercise. However, it is 
worth noting that the effect of green investments is significant at a lower significance level 
as compared to other regressors, which the authors speculate is due to energy subsidies 
provided by the Chinese government to facilitate economic growth—when energy costs are 
low, companies have less incentive to invest in green technology.

Instead of environmental degradation in the form of pollution, Zhang and Wang (2021) 
study the effect of green finance on sustainable energy development in China from 2004 to 
2017 for 25 provinces and municipalities. With the Pressure‑State‑Response (PSR) model 
as basis, the authors use a modified entropy weight method to construct their green finance 
development index, as this allows integration of various indicators that is scientific and 
approximates reality. Employing static and dynamic panel models, the authors find green 
finance is associated with both decreased coal consumption and increased sustainable 
energy development. However, the positive correlation between GDP and coal consump‑
tion indicates a tradeoff between economic growth and environmental sustainability.
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Narrowing their focus to green credit policy in China, Zhang et al. (2021b) investigate 
the effect of the aforementioned policy on investment and financing behaviour of high 
energy consumption and high pollution companies (known as “two high” enterprises). 
Using a difference‑in‑difference approach, the authors find that the green credit policy has 
a positive short run effect, but a negative long‑run effect on liabilities. They also note that 
the policy effect is larger on state‑owned enterprises, but has no significant effect on small‑
medium enterprises. In terms of investment, the green credit policy significantly inhibits 
corporate investment, especially for nonstate‑owned companies. This is attributed to local 
government intervention in allocation of resources, which distorts incentives to invest. 
Overall, green credit is seen as effective in promoting environmental quality, especially by 
affecting investment and financing decisions of polluting enterprises.

From the perspective of green economic growth, Zhang et al. (2021a) study the effect 
of public R&D spending on green economic growth and energy efficiency. They find R&D 
fiscal expenditure and education have a significant positive effect on green economic per‑
formance. Crucially, the authors argue that sole reliance on public spending is sufficient in 
attaining green development goals. As such, there is a need to bring in private sector green 
finance, for example, through tax refunds and de‑risking tools.

Looking at special spillovers, Li and Gan (2021) study the effects of green finance on 
the ecological environment, where they construct a comprehensive index combining both 
positive indicators such as wastewater discharge, desertification and industrial waste, and 
negative indicators, such as investment in environmental pollution treatment. Based on 
their results, not only does green finance have a significant positive effect on environmen‑
tal quality of the province or city concerned, but also of surrounding areas. These suggest 
green finance has important spillover benefits, but if these positive externalities are not 
adequately internalised, free rider problems may result.

Based on the above‑mentioned facts, overall, green finance is expected to reduce envi‑
ronmental degradation by diverting resources away from polluting enterprises and produc‑
tion processes, and towards environmentally friendly enterprises and the development of 
sustainable technology. However, there is still heterogeneity in the effects of green finance, 
especially at different levels of emissions, at different time horizons and across different 
types and sizes of firms. Empirically, most studies have used panel methods to estimate 
the effects of green finance on environmental health, but it is noted few studies account 
for endogeneity, for example, simultaneous causality between green finance and the state 
of the environment. Also, based on our best knowledge, no prior studies investigate the 
impact of green finance on environmental degradation in BRI region as a whole by using 
GMM method.

Besides green finance, there are other factors affecting the environmental degradation. 
Past literature documented that income would act as a financial constraint on environmen‑
tal protection (Nordhaus,2015). Almost all works control for income in the form of GDP per 
capita, GNP, and in one case GDP per land area (see Afzal et al., 2021; Muganyi et al., 2021; 
Zhang and Wang, 2021; Zhang et  al., 2021a; Li and Gan, 2021). Higher‑income countries 
or provinces may also show greater awareness and demand for environmental sustainability. 
By the same logic, some works also control for urbanisation (Afzal et al., 2021; Zhang et al., 
2021a). To capture economic activity, variables such as trade openness or export volume are 
used (Khan et al., 2021; Muganyi et al., 2021; Zhang and Wang, 2021). Lastly, to control for 
factors that directly influence environmental protection efforts, works generally use investment 
(Zhang et  al., 2021b), research and development (R&D) (Zhang et  al., 2021b), technology 
level (Afzal et al., 2021), governance as well as government expenditure (Afzal et al., 2021; 
Zhang and Wang, 2021). Lastly, to capture factors that directly contribute to environmental 
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degradation, energy consumption, electricity usage, power generation are commonly used 
(Khan et al., 2021; Li and Gan, 2021).

3  Methodology

3.1  Conceptual model

According to Nordhaus (2015), environmental protection is a public goods game, as the ben‑
efits from investing in emissions abatement are non‑excludable. Thus, the dominant strategy 
is for firms to free ride on the investments of others and not abate, giving rise to a Prisoner’s 
dilemma situation, where the Nash equilibrium is necessarily socially suboptimal. Therefore, 
to deal with the free riding problem, Nordhaus (2015) proposed a climate club, where club 
members are required to invest in abatement technology, but trade sanctions will be imposed 
on non‑members. Thus, countries that join the climate club will be those having low levels of 
emissions and face low abatement costs. In contrast, countries with high emission levels and 
abatement costs will bear the sanctions rather than abate, and therefore not join the club.

Assuming the existence of some pollution penalty, we can assume firms as analogous to 
countries. Firms that face lower abatement costs will join the club, while firms with high 
emission levels and abatement costs will choose to bear the penalty instead of abating. There‑
fore, whether a firm abates instead of paying the penalty depends on the cost of abatement and 
investing in abatement technology. To promote green BRI, China and other member countries 
can induce more firms to join the club and abate by reducing the cost of investing in abatement 
technology. One way of doing so is by lowering financing costs through green finance in green 
projects. As a result, in line with Nordhaus (2015), green finance indirectly helps in reducing 
abatement cost. Therefore, it stands to predict that green finance will have a positive effect on 
environmental quality and a corresponding negative effect on environmental degradation.

3.2  Empirical model

Green finance is likely to reduce the costs of abatement and thus has a negative relationship 
with environmental degradation. Given the expected negative relationship, we aim to test the 
following hypothesis in alternative form:

H1: There is a negative relationship between green finance and environmental degradation.
To test the relationship between green finance and environmental degradation in line with 

hypothesis  H1, we formulate our model as below:

where α stands for the intercept term; � and β indicate the coefficients; i represents the 
index for cross‑section; t indicates the index for time‑variation; and � is the error term. 
In this study, carbon dioxide emissions ( CO2 emissionsit ) are taken as the dependent 
variable, reflecting environmental degradation. The independence variable, green finance 
( Green financeit ), is measured using public investment in multiple renewable energy tech‑
nologies. In addition, to avoid issues from omitted variables, income level ( Incomeit ), pop‑
ulation ( Populationit ), urbanisation ( Urbanisationit ) and trade openness ( Trade opennessit ) 
appear as control variables. A lagged dependent variable is included to allow for the partial 

(1)

CO2 emissionsit = � + �CO2 emissionsit−1 + �1Green financeit + �2 Incomeit

+ �3 Populationit + �4 Urbanisationit + �5 Trade opennessit + �it
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adjustment of  CO2 emissions to its long run equilibrium value. If �1 is negative and signifi‑
cant, then it implies  CO2 emissions are reduced when green finance is enhanced.

Equation (1) is estimated using the generalised method‑of‑moments (GMMs) estimator 
provided by Arellano and Bond (1991). The dynamic panel GMM estimator is more effi‑
cient than static panel estimator as its lagged dependent variable can counter the endogene‑
ity problem of all the explanatory variables. Then, following Arellano and Bond (1991), 
two specification tests, namely the Sargan test and Arellano and Bond’s test for zero auto‑
correlation, are conducted to check the consistency of the GMM estimator. The Sargan test 
is conducted to check the over‑identifying restrictions while Arellano and Bond’s test for 
zero autocorrelation is conducted to check if the first differenced residuals are free from 
second‑order serial correlation.

3.3  Data

In order to analyse the relationship between green finance and environmental degradation 
in BRI countries, panel data of green finance and environmental degradation from 2000 to 
2019 are selected. Table 2 summarises the dataset by providing the definition and source of 
all variables.

We filter the sample to exclude missing values. After filtering, the balanced panel data‑
set contains 620 country‑year observations, which account for 31 BRI countries (Arme‑
nia, Bangladesh, Bosnia and Herzegovina, China, Democratic Republic of the Congo, 
Ecuador, Egypt, Ghana, Guinea, Indonesia, Kenya, Kyrgyzstan, Malaysia, Mali, Mongo‑
lia, Morocco, Mozambique, Namibia, Nepal, Pakistan, Philippines, Senegal, Serbia, South 
Africa, Sri Lanka, Thailand, Tunisia, Turkey, Uganda, Uruguay and Vietnam).

4  Empirical results and discussion

Table 3 presents the summary statistics for the variables. On the one hand, the mean value 
of  CO2 emissions is 2.19 metric tons per capita. This value is lower than the average world‑
wide carbon dioxide emissions per capita during the period 1960 to 2020 (between 3 and 5 
metric tons per capita) (Statista, 2022). Across the sample, the minimum and the maximum 
 CO2 emissions countries are Congo in 2001 and South Africa in 2008, respectively. This 
might be positively correlated with the level of economic development in the respective 

Table 2  Description of variables

Source: aWorld Development Indicator; bThe international Renewable Energy Agency (IRENA) Public 
Finance Database

Variable Measure

Environment degradation CO2 emissions CO2 emissions (metric tons per capita)a

Green finance Green finance Public Investments on Renewable Energy (2019 million 
USD)b

Controls Income GDP per capita (current USD)a

Population Population density (people per sq. km of land area)a

Urbanisation Urban population (% of total population)a

Trade openness Imports + exports of goods and services (% of GDP)a
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countries. Congo also has the lowest income among the sample countries as of 2001. 
Conversely, Uruguay has the highest income in 2019. This country also registered as the 
most urbanised country among the sample country in 2019. On the other hand, the mean 
value of green finance is USD29.61 million, with values ranging between USD 0 and USD 
965.16 million. This shows many countries did not provide any green finance in the early 
years of the sample, including Egypt, Ghana, Philippines and Tunisia. On the contrary, 
Turkey provided the most amount of green finance in 2018. Besides, the mean value of 
population and trade openness are 135.56 people per sq. km of land area and 73.71% of 
GDP, respectively. From Table 2, it is noticeable both least and most population countries 
are Asian countries, namely Mongolia in 2000 and Bangladesh in 2019. The statistics also 
revealed that Malaysia is the most open country in terms of international trade in 2000. 
Currently, Malaysia participates in many free trade agreements such as RCEP. Conversely, 
Serbia is a comparatively closed economy as it is least open for trade in 2000 among the 
sample countries.

Table 4 presents the correlation matrix for the variables chosen. The estimated results 
show that  CO2 emissions are positively associated with all other variables except popula‑
tion. Meanwhile, green finance and income exhibit similar trends as both are positively 
correlated with all other variables except for one variable, namely trade openness and pop‑
ulation, respectively. On the contrary, population is inversely correlated with both urbani‑
sation and trade openness while urbanisation is positively correlated with trade openness.

In general, the GMM estimation can be estimated in one‑ and two‑step forms (Arellano 
& Bond, 1991). The main difference between one‑ and two‑step GMM estimator is their 
weighting matrices. The weighting matrices of the one‑step GMM estimators are inde‑
pendent of estimated parameters, while the weighting matrices of the two‑step GMM esti‑
mators are weighted by a consistent estimate of the covariance matrix (Azman‑Saini et al., 
2010). The two‑step GMM estimator is widely recognised as more efficient than the one 
step, and it can improve the power of associated tests.

The empirical results of Eq. (1) for one‑ and two‑step GMM estimators are reported in 
Tables 5 and 6, respectively. The Sargan test for one‑step GMM estimators shows that the 
model is not well specified. However, both diagnostic tests for two‑step GMM estimators 
show that the model is well specified. The Sargan test does not reject the over‑identification 
restrictions. Besides, based on Arellano and Bond’s test, the absence of serial correlation is 
rejected at first level but not rejected at second level, indicating the model is free of auto‑
correlation. These support the appropriateness of the two‑step GMM estimation for this 
study. Also, the lagged dependent variable  (CO2 Emissions Lag) is statistically significant 

Table 3  Summary statistics

Mean Minimum (country, year) Maximum (country, year) Standard deviation

CO2 emissions 2.19 0.02 (Congo, 2001) 8.57 (South Africa, 2008) 2.28
Green finance 29.61 0 (Egypt, 2001, 2006; 

Ghana, 2019; Philippines, 
2003; Tunisia, 2013)

965.16 (Turkey, 2018) 92.05

Income 3013.00 153.59 (Congo, 2001) 18,703.86 (Uruguay, 2018) 3114.48
Population 135.56 1.54 (Mongolia, 2000) 1252.56 (Bangladesh, 2019) 200.54
Urbanisation 45.99 13.40 (Nepal, 2000) 95.43 (Uruguay, 2019) 17.79
Trade openness 73.71 22.49 (Serbia, 2000) 220.41 (Malaysia, 2000) 35.35
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at the 1% significance level, proving that the dynamic GMM application is appropriate for 
this model. As a result, the estimated results reported in Table 6 are robust and reliable.

As expected, Table 6 shows green finance has a negative impact on environmental 
degradation, with a statistically significant coefficient at the 1% significance level. This 
is in line with the findings of Meo and Karim (2022); Rasoulinezhad and Taghizadeh‑
Hesary (2022); Zhang and Wang (2021); Li and Jia (2017) and Sachs (2014) in different 

Table 4  Correlation matrix

CO2 emissions Green finance Income Population Urbanisation Trade openness

CO2 emissions 1
Green finance 0.1856 1
Income 0.6173 0.2977 1
Population  − 0.2026 0.0131  − 0.1693 1
Urbanisation 0.5502 0.1734 0.7204  − 0.3054 1
Trade openness 0.2964  − 0.1115 0.0981  − 0.1815 0.1570 1

Table 5  Results of dynamic 
panel one‑step GMM estimations

Figures in the parentheses are t‑statistics
** and * indicate significance at the 5% and 1% levels, respectively

Variables Dependent variable:  CO2 emissions

Constant  − 0.245 (0.186)
CO2 emissions lag 0.743 (0.031)*
Green finance  − 7.44 ×  10−5 (1.03 ×  10−4)
Income 2.43 ×  10−5 (7.74 ×  10−6)*
Population  − 6.78 ×  10−5 (8.45 ×  10−4)
Urbanisation 0.012 (5.11 ×  10−3)**
Trade openness 0.003 (1.01 ×  10−3)*
Sargan test (p value) 383.93 (0.00)*

Table 6  Results of dynamic panel two‑step GMM estimations

Figures in the parentheses are t‑statistics
** and * indicate significance at the 5% and 1% levels, respectively

Variables Dependent variable:  CO2 emissions

Constant  − 0.235 (0.018)*
CO2 emissions lag 0.744 (0.008)*
Green finance  − 7.34 ×  10−5 (5.41 ×  10−6)*
Income 2.42 ×  10−5 (1.50 ×  10−6)*
Population  − 3.04 ×  10−4 (3.79 ×  10−4)
Urbanisation 0.013 (8.42 ×  10−4)*
Trade openness 0.003 (1.63 ×  10−4)*
Sargan test (p value) 29.08 (1.0)
Autocorrelation of order 1 (p value) 0.045**
Autocorrelation of order 2 (p value) 0.610
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countries. The importance of this result is that it shows green financial instruments are 
capable of aiding a region in achieving a greener environment (Sachs, 2014), and is 
considered one of the best measures to mitigate environment degradation (Li & Jia, 
2017). In turn, a green environment will improve sustainable growth of the region by 
enhancing sustainable energy development. This result also indicates efforts of govern‑
ments of BRI member countries and the Green Finance Task Force in promoting green 
finance are successful. Through green loans, firms are able to procure and use environ‑
mentally friendly raw materials and green technology for green projects, both of which 
reduce environmental damage and preserve environmental quality. The results prove 
that although green finance is new and yet to be well accepted by mainstream finan‑
cial institution, it plays an essential and significant role in reducing the environmental 
degradation in the BRI region. However, according to Rasoulinezhad and Taghizadeh‑
Hesary (2022), the COVID‑19 pandemic has led to capital shortages for green projects, 
contributing to the global economic recession. Since the empirical results indicate green 
finance mitigates environment degradation and in turn enhances sustainable growth, it is 
worthwhile for governments of BRI member countries to increase the volume of green 
bonds, as they serve as an important instrument of green finance to support green pro‑
jects. In turn, this will help restore economic growth in the BRI region.

In contrast, income, urbanisation and trade openness show positive and significant 
effects on environmental degradation in BRI region. These results are consistent with 
past literature such as Adzal et  al., (2021). Among the three above‑mentioned vari‑
ables, the adverse impact of urbanisation on environment degradation is the greatest. 
Aligning with the findings of Azam and Khan (2016) and Katircioğlua and Katircioğlub 
(2019), urbanisation results in environmental degradation, as urban population growth 
increases usage of infrastructure and energy, which contributes to  CO2 emissions. In 
addition, urbanisation will cause sectoral change in economic activity from agricultural 
to industrial. To capture economic growth, we proxy for income using GDP per capita. 
According to Adediyan et al. (2020), per capita income growth has a long‑term negative 
impact on environmental quality. This may be due to excessive usage of non‑renewable 
energy and overaggressive development projects Similarly, trade openness is also posi‑
tive and significantly correlated with the environmental degradation in line with Jun 
et al. (2020)—trade openness increases domestic production to accommodate the surge 
in exports, which increases pollution and worsens environmental quality if green tech‑
nology is not being adopted.

The estimated results show a positive but statistically insignificant coefficient for 
population, suggesting population growth does not adversely affect environmental qual‑
ity in BRI region. This is corroborated by Bradshaw and Brook (2014). Using scenario 
projection, Bradshaw and Brook (2014) find changes in population do not significantly 
affect environmental quality. Cropper and Griffiths (1994), although population growth 
is viewed as one of the major contributors of environment degradation, due to its contri‑
bution to air and water pollution; among others, Cropper and Griffiths (1994) argue that 
the impact of population on environmental degradation can be mitigated by technology. 
Therefore, the estimated results not only indicate green finance reduces environment 
degradation directly through the channels of pollution and emissions, it also implies 
that green finance might mitigate the impact of environment degradation occurring indi‑
rectly through other channels such as trade and economic growth. Thus, to ensure both 
the sustainability of economic growth and the environment, promoting and developing 
green projects via green finance are imperative.
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5  Conclusion

The past literature and data show economic growth has been happening at the expense of envi‑
ronmental quality, giving rise to public fear that environment may not be sustained for future 
generations. The BRI, with its large‑scale projects, is a contributor to this problem of envi‑
ronmental degradation, with significant spillover costs to the rest of the world. In response, 
China and other BRI member countries are aware and have responded by coming up with an 
improved version of the BRI, namely the Green BRI. In this, they have pledged to ensure open 
and green cooperation in developing green infrastructure and green projects (Advisory Coun‑
cil of the Belt and Road Forum for International Cooperation in 2019 and 2020, 2020). Owing 
to the high capital required for the BRI‑linked projects, green finance becomes one of the most 
essential tools to ensure success of green BRI‑linked projects. Arising from the above, this 
study investigates the impact of green finance on environmental degradation in BRI region 
using the GMM method.

The empirical results indicate green finance significantly reduces environmental degrada‑
tion in the BRI region. As such, the government of BRI member countries should continue to 
undertake appropriate strategies to promote green finance. To curb environmental degradation 
effectively, governments should consider to implement incentive schemes for green finance 
such as subsidising interest rates of green loans. Apart from government effort, private and 
conventional financial institutions should play an active part in promoting green finance. To 
motivate the involvement of private sector, governments should provide significant incen‑
tives such as significant corporate tax reductions to private financial institutions which pro‑
mote and offer green finance. Besides, profits from the green industry are relatively uncer‑
tain as compared to mature and well‑established traditional industries, implying greater risk 
(Cai & Zhang, 2014). As a result, private financial institutions will evaluate green loans more 
meticulously. Thus, to increase access to green loans, governments may consider developing 
green credit guarantee schemes (Taghizadeh‑Hesary & Yoshino, 2019, 2020). Besides green 
finance, to avoid the environmental degradation, BRI member countries are urged to take into 
consideration environmental factors in urban planning and increasing domestic production for 
export due to trade openness.

Nevertheless, according to Tang et al. (2018), management plays the role of a catalyst in 
transforming green innovation into firms’ performance. Past studies show that there is a posi‑
tive relationship between the reduction in CO2 emissions and financial performance of the 
firms (see Fujii et  al., 2013). However, the key factor underpinning this relationship is the 
management’s concern for the environment. If the management is concerned about the state of 
the environment, they will devote more attention, resources and efforts to support green prod‑
ucts and adopt appropriate strategies to ensure green products improve firms’ performance. 
As a result, managers should be aware and recognise that green processes and green products 
stemming from green finance will eventually sustain the firm’s performance in the long run.

To conclude, in order to enhance the continuous economic growth, promote environmen‑
tal sustainability. As well as to achieve the 2030 SDGs, both governments and private sector 
should work hand in hand to promote green transformation of BRI.
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6  Limitations and future research

This study has certain limitations. First of all, the empirical model of this study limited 
to a few independent variables. To investigate the green finance of BRI member coun‑
tries in detail, the variable of interest should be segregated based on usage motive, for 
instance, green finance for manufacturing processes and for construction development, 
respectively. In addition, environment degradation may be divided into different forms 
of pollution, instead of solely focusing on  CO2 emission. However, these limitations 
should serve as future research topics as complete data are currently unavailable.

Nonetheless, this study adopts secondary data and the scope is limited to macroeco‑
nomics. Hence, it would be of interest for future research to investigate the impact of 
green finance on environment degradation using firm‑level data by adopting a different 
methodology.
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