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ABSTRACT 10 

In order to address the increasingly prominent issues of sustainable development in resources, 11 

environment, and ecology, the support of green finance and the transformation of a low-carbon 12 

economy are two complementary and pivotal strategies and paths on the journey towards achieving 13 

the grand goal of "carbon neutrality". To facilitate the smooth implementation of China's carbon 14 

emission reduction efforts, a thorough analysis of the coordinated development between green finance 15 

and the low-carbon economy is crucial. This paper utilizes panel data from central cities in the 16 

Yangtze River Delta region to conduct an analysis, exploring the impact of green finance levels on 17 

carbon emissions through the application of bidirectional fixed-effects and mediation effect 18 

models.The research results indicate that the level of green finance can suppress carbon emissions to 19 



 

 
 

a certain extent and promote low-carbon development in the region. These findings are confirmed 20 

through robustness tests. In analyzing the mediation mechanism, it is discovered that government 21 

investment in environmental protection plays a mediating role in the process of green finance 22 

influencing carbon emissions. Additionally, a regional heterogeneity analysis reveals that regions 23 

with higher levels of green finance development exert a more significant impact on carbon emissions. 24 

Key words: green finance, low-carbon economy, two-way fixed effects, mediating effects, regional 25 

heterogeneity 26 
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1. Introduction  30 

The report of the 20th National Congress of the Communist Party of China 31 

profoundly expounded the core essence of "Chinese-style modernization", emphasizing 32 

the modernization process that harmoniously integrates humans and nature. With this 33 

strategic guidance, China's ecological civilization construction in the new era has 34 

identified green development as the overarching theme, striving to contribute a 35 

harmonious coexistence between humans and nature. Currently, all parties worldwide 36 

are facing the common challenge of global climate change, and there is a global 37 

consensus on promoting a low-carbon and green economic transformation in world 38 

economic development models. At the 75th United Nations General Assembly, General 39 

Secretary Xi Jinping clearly outlined the strategic vision of achieving "dual carbon" 40 

targets, which is a necessary path for economic restructuring to achieve higher-level 41 

transformation and upgrading, the core driving force for accelerating the construction 42 

of a new energy system, and an inherent requirement for achieving high-quality 43 

development.Green finance serves as a vivid practice of high-quality, low-carbon, and 44 

new development models in the financial sector. It acts as a financial lever to control 45 

carbon emission intensity and volumes, playing a pivotal role in promoting the smooth 46 

operation of the social economy, the sustainable development of the ecological 47 

environment, and the transition from a high-carbon, energy-intensive economic model 48 

to a low-carbon, energy-saving economic model. In 2016, China established a relatively 49 

comprehensive green finance policy system. In 2017, a green finance reform and 50 

innovation pilot zone was established, opening a new chapter in practice. In 2021, the 51 

significant value of green economy and the transformation of development models was 52 

further emphasized, and the crucial role of green finance was highlighted in the 53 

"Opinions on Carbon Peak and Carbon Neutrality Work". In 2022, the "14th Five-Year 54 

Plan" energy conservation and emission reduction program was issued, emphasizing 55 

green finance as a strategic priority. In 2023, the "Report on the Practice, Innovation, 56 

and Development of China's Green Finance" pointed out the need to promote the depth 57 

and breadth of green finance, fully stimulating its potential to support the achievement 58 

of carbon peak and carbon neutrality targets, and achieving coordinated progress in 59 
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carbon reduction, pollution reduction, environmental improvement, and high-quality 60 

development of the financial market. It is evident that in recent years, China has 61 

attached great importance to the development of green finance and viewed it as an 62 

essential mean to achieve "dual carbon" targets. The Yangtze River Delta region has 63 

achieved steady and significant progress in multiple key areas in recent years, gradually 64 

demonstrating its leadership in achieving basic modernization and regional integration. 65 

Against the dual backdrop of green finance gradually entering a fast-track development 66 

phase and the urgent need for the steady development of a low-carbon economy, it is of 67 

significant importance to deeply analyze the internal mechanisms of how green finance 68 

supports the development of a low-carbon economy and to construct a long-term and 69 

stable green finance support system. 70 

2. Literature review 71 

Green finance has gained significant attention due to its role in promoting green 72 

and sustainable development, and has become a current research hotspot. The study of 73 

its relationship with carbon emissions stems from the interconnection between financial 74 

development, the economy, and carbon emissions. This article reviews relevant 75 

literature and summarizes the findings from the perspective of a two-chain relationship 76 

as follows. 77 

2.1. Research on the relationship between financial development and economic 78 

development 79 

The traditional development model achieves economic growth at the cost of 80 

massive resource consumption, while neglecting the importance of ecological and 81 

environmental protection, posing significant challenges to the living environment of 82 

human beings. With the increasing global awareness of environmental protection and 83 

energy conservation, the concept of green finance has gradually gained widespread 84 

recognition and promotion internationally.Since the signing of the Kyoto Protocol, 85 

green finance has gradually become a new tool for countries to achieve sustainable 86 

development goals. On the macroeconomic level, Yao Wang et al. (2016) believe that 87 

China's green finance promotes economic structural optimization and supply-side 88 
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quality improvement by mobilizing savings to form green investments, stabilizing 89 

economic growth, and ultimately optimizing China's macroeconomic development. 90 

Ngo et al. (2022) found through the fixed-effects model and generalized method of 91 

moments that green finance, capital formation, and government education expenditure 92 

have a positive correlation with economic development in ASEAN countries, and green 93 

finance has the important ability to improve the global economy, especially during the 94 

COVID-19 pandemic. Hong (2023) used the generalized method of moments (GMM) 95 

and fixed-effects model (FEM) to discover that renewable energy investments and 96 

green finance have a positive impact on economic performance. 97 

2.2. Research on the relationship between economic development and carbon emission 98 

level 99 

Zhang et al. (2024) explored the coordination level between economic growth and 100 

carbon emissions through the entropy method and coupling coordination model, the 101 

research concluded that the coordination level between urban economic growth and 102 

carbon emissions is steadily increasing, and cities oriented by consumption continue to 103 

lead in this regard. Alam et al. (2016) conducted an empirical analysis using the 104 

autoregressive distributed lag (ARDL) bounds testing approach to examine the impact 105 

of income, energy consumption, and population growth on carbon monoxide emissions 106 

in India, Indonesia, China, and Brazil from 1970 to 2012, and found that in these four 107 

countries carbon emissions increase with the rise in income and energy consumption. 108 

Lihua He et al. (2015) argue that under the same economic growth rate, the optimization 109 

of energy structure reduces carbon emission intensity; conversely, under the same 110 

energy adjustment, faster economic growth leads to higher carbon emission intensity. 111 

Based on the research of the above scholars, it can be concluded that carbon emission 112 

intensity is influenced by both economic aggregate and economic structure. Therefore, 113 

how to achieve the minimum carbon emission per unit during economic transformation 114 

is a key issue that needs to be addressed at the current stage. 115 
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2.3. Research on the relationship between financial development and carbon emission 116 

level 117 

In the era of low-carbon economy, traditional financial theories and practices have 118 

been revealed their limitations, and the financial innovation is needed. In recent years, 119 

research on the impact of green finance on low-carbon development has flourished. 120 

From the analysis process, some scholars believe that financial development can 121 

promote the development of a low-carbon economy directly(Bo Huang et al., 2023). 122 

Feng Liu et al. (2022) found that green finance effectively reduces carbon emissions by 123 

optimizing energy consumption structure and making substantial green technological 124 

innovations (green innovations that follow ecological principles and ecological 125 

economic laws). Ren et al. (2023) analyzed the short-term and long-term effects of 126 

financial development on carbon emissions in 30 provinces in China from 2000 to 2019 127 

using a pooled mean group estimator. No significant short-term relationship was 128 

observed in this progress, but in the long run, financial development significantly 129 

reduced carbon emissions. Habiba et al. (2023) concluded through methods such as 130 

cross-sectional dependence tests, heterogeneity tests, and Westerlund cointegration 131 

tests that financial development increases carbon emission levels, leading to 132 

environmental degradation and the environmental harm of financial development tends 133 

to be smaller when combined with renewable energy. The study also revealed that 134 

financial development can improve environmental quality through green technology 135 

channels. As the world's largest carbon emitter, China's excessive carbon emissions not 136 

only threaten the health of the ecological environment, but also posing a serious 137 

challenge to the sustainable development of the economy and facing a severe situation 138 

of energy conservation and emission reduction,the issues such as environmental 139 

pollution and resource carrying capacity are becoming more and more 140 

serious.Therefore, the implementation of green financial policies is not only an urgent 141 

need to address current environmental issues, but also a requirement of the times to 142 

achieve economic development and social harmony. 143 

In summary, this paper delineates the research trajectory of the relationship 144 
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between green finance and carbon emissions, providing a robust theoretical foundation 145 

for subsequent empirical studies. However, despite the literature review encompassing 146 

multiple relevant fields, there remains a lack of in-depth analysis regarding specific 147 

green finance policies and their practical impact on carbon emissions. Further research 148 

could explore the precise content and implementation effects of green finance policies, 149 

as well as how these policies influence carbon emissions through various mechanisms, 150 

with the aim of offering more concrete and practical guidance to policymakers. 151 

Moreover, considering the unique economic and social context of the Yangtze River 152 

Delta region, this study could analyse in greater detail the characteristics and efficacy 153 

of green finance practices in this area, thereby enriching the theoretical framework of 154 

green finance and providing reference cases for other regions. 155 

3. Research status and theoretical assumptions 156 

3.1. Research status 157 

The Yangtze River Delta planning region is the first batch of regional planning 158 

pilot areas in China, boasting strong comprehensive strength. Particularly, the 159 

ecological green integration of the central urban areas of the Yangtze River Delta plays 160 

a regional radiation and driving role in achieving "carbon neutrality" and "carbon 161 

peaking", innovating low-carbon development paths, promoting the construction of 162 

environmental protection projects, and fostering regionally friendly development. 163 

3.1.1. Development status of green finance in the central city area of the Yangtze River 164 

Delta 165 

The Yangtze River Delta region is one of the representative areas of economic 166 

prosperity in China and an important field for the development of green finance. In the 167 

process of enhancing the level of green financial services in Yangtze River Delta cities 168 

to improve regional competitiveness and guiding capital flows to promote the 169 

transformation and upgrading of traditional industries, regional financial institutions 170 

have launched a series of green financial products to expand the financing needs of 171 

environmentally friendly projects, strongly supporting the development of green 172 

industries and green projects, and promoting the implementation of green financial 173 



 

8 
 

policies. 174 

 175 

Figure 1  Green finance level of all prefecture-level cities in the Yangtze River 176 

Delta from 2011 to 2020 177 

Twenty seven prefecture-level cities in the central cities of the Yangtze River Delta 178 

continued to promote the construction of green finance from 2011 to 2020 in Figure 1. 179 

With the promotion of green financial products by investment institutions, banks, 180 

insurance companies, and other institutions, the promotion of green finance concepts 181 

by media departments, and the support of government departments for the development 182 

of green finance, regional green investment, green insurance, and green securities have 183 

generally shown an increasing trend. From the perspective of cities, Shanghai has made 184 

significant achievements in the development level of green finance and has strong 185 

leadership. Among different prefecture-level cities, there are varying degrees of 186 

differences in the development level of green finance. 187 

3.1.2. Current situation of urban carbon emission intensity in the Yangtze River Delta 188 
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 189 

Figure 2  The composition and changes of carbon emissions in central cities in 190 

the Yangtze River Delta 191 

As one of the seven major urban agglomerations in China, the Yangtze River Delta 192 

has an optimized industrial structure and serves as one of the major economic pillars 193 

for China's strong and rapid development. The carbon emission intensity of this urban 194 

agglomeration has been at a relatively high level, mainly due to carbon emissions from 195 

industries such as industrial production and transportation. Given the impact of 196 

COVID-19 in 2020, which led to a recession in the world economy, uncertain 197 

development prospects for enterprises, a decline in residents' living standards, and weak 198 

environmental awareness among different social entities such as enterprises and 199 

residents during this period, this article does not consider the changes in carbon 200 

emission intensity in 2020. Scopes 1, 2, and 3 constitute the main sources of carbon 201 

emissions, with Scope 1 accounting for the highest proportion, covering all direct 202 

emissions generated within the urban area. As shown in Figure 2, the total energy-203 

related carbon emissions in Yangtze River Delta central cities increased from 2011 to 204 

2020. The overall carbon emission intensity and the carbon emission intensity of Scope 205 

1 exhibit strong fluctuations, but both show a decreasing trend in the troughs from 2011 206 

to 2019. Moreover, the decline in Scope 1 exhibits a trend of increasing duration, 207 

indicating that the region may have adopted certain environmentally friendly measures 208 

in areas such as technological innovation and energy structure adjustment to improve 209 

efficiency in transportation and construction, refine industrial production processes, and 210 

enhance the safety and sustainability of waste disposal. Adjustments in the carbon 211 

emission structure can directly influence the changes in carbon emission levels. With 212 
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social and economic progress and development, a lower level of carbon emissions 213 

generated by primary energy in Scope 1 will be more conducive to achieving the "dual 214 

carbon goals". 215 

3.2. Theoretical hypothesis 216 

After analyzing the actual development trend of green finance and carbon emission 217 

intensity in the central cities of the Yangtze River Delta, the following related 218 

hypotheses are proposed, which are specified as follows. 219 

Green finance promotes the application of low-carbon technologies and clean 220 

energy by providing financing support for environmentally friendly projects, thereby 221 

directly reducing carbon emissions. Ren et al. (2023) analysed the long-term impact of 222 

financial development on carbon emissions through averaging group estimators, 223 

finding that financial development significantly reduces carbon emissions. Additionally, 224 

Ren et al. (2023) employed a multi-period Difference-in-Differences (DID) model to 225 

examine the impact of green finance policies on carbon emissions at the provincial level 226 

in China, revealing that these policies significantly lower carbon emissions at this level, 227 

thus confirming the direct effect of green finance on carbon intensity. Furthermore, 228 

research by Wang and Zhao (2022) indicates that the issuance of green bonds plays a 229 

significant role in reducing regional carbon emissions, particularly in supporting 230 

renewable energy projects. Finally, a cross-country comparison by Habiba et al. (2023) 231 

found that the development of green finance has a universal effect on curbing carbon 232 

emissions, with mechanisms that include providing funding support for low-carbon 233 

technologies and clean energy projects. Based on these findings, it is proposed: 234 

Hypothesis 1: Green finance has a direct impact on the carbon emission intensity 235 

of the central urban areas of the Yangtze River Delta. 236 

The specific forms of green finance influence carbon emission intensity and 237 

simultaneously accelerate the green upgrading of infrastructure and the emergence of 238 

green services, with the government playing multiple roles in industrial development, 239 

such as guiding and supporting, promoting innovation and transformation, and 240 

facilitating the development of industrial clusters. Research by Wang et al. (2024) found 241 
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that governmental environmental regulations serve as a partial intermediary in the 242 

process through which green finance impacts urban carbon emissions. Zhao et al. (2023) 243 

further pointed out that green finance enhances the positive effects of changes in 244 

industrial structure on the development of renewable energy, indirectly propelling low-245 

carbon growth. Additionally, research by Huang Bo et al. (2023) indicates that green 246 

finance indirectly reduces carbon emissions by promoting green technological 247 

innovation and optimising energy structure. Habiba et al. (2023) also discovered that 248 

financial development improves environmental quality through green technology 249 

channels, thereby indirectly facilitating a reduction in carbon emissions. Thus, it is 250 

inferred that budgetary expenditures by the government for environmental protection 251 

have an intermediary effect in the low-carbon development of the core urban areas of 252 

the Yangtze River Delta, meaning that the influence of green finance on carbon 253 

emission intensity in these areas exhibits indirect effects. Based on this, it is proposed: 254 

Hypothesis 2: Green finance has an indirect impact on the carbon emission 255 

intensity of the central urban areas of the Yangtze River Delta. 256 

Due to the fact that the central urban areas of the Yangtze River Delta encompass 257 

27 prefecture-level cities across four provinces—Shanghai, Jiangsu, Zhejiang, and 258 

Anhui—there are significant disparities in development not only between these 259 

provinces but also among the cities themselves. This includes variations in 260 

industrialisation levels and urbanisation processes. Consequently, it can be inferred that 261 

the level of development of green finance varies by region, which in turn affects carbon 262 

emission intensity differently across regions. Wang et al. (2023) conducted a 263 

comparative analysis of various cities in the Yangtze River Delta and found that green 264 

finance policies exert a more pronounced suppression effect on carbon emissions in 265 

economically developed cities with optimised industrial structures. Similarly, Ren et al. 266 

(2023) revealed differences in the impact of financial development on carbon emissions 267 

among different provinces. Liu et al. (2021) utilised a spatial econometric model to 268 

analyse the effects of green finance policies on carbon emissions across various regions 269 

in China, and similarly concluded that the efficacy of these policies exhibits regional 270 

heterogeneity. This regional heterogeneity suggests that when formulating green 271 
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finance policies, it is essential to consider the specific circumstances of each region and 272 

to promote low-carbon development in a tailored manner. 273 

Hypothesis 3: The level of green finance has a regionally heterogeneous effect on 274 

the carbon emission intensity of the central urban areas of the Yangtze River Delta. 275 

4. Empirical analysis 276 

4.1. Study subjects and data sources 277 

4.1.1. Study subjects  278 

The theoretical model of this article aims to explore the internal mechanism of the 279 

interaction between the green financial policy measurement indicators and the 280 

development of low-carbon economy of the central cities in the Yangtze River Delta. 281 

By adding environmental protection support factors to the carbon emission intensity 282 

model to analyze the mediating effect and explore the impact of green finance, this 283 

article analyzes the mechanism of green finance on carbon emission intensity. Based on 284 

the above ideas, this article can systematically analyze the behavioral path of green 285 

financial policy affecting the development of low-carbon economy.Based on the four 286 

provinces of Shanghai, Jiangsu, Zhejiang, and Anhui, and considering the limited data 287 

availability in Shanghai, this paper divides the central urban areas of the Yangtze River 288 

Delta into three major regions for better analysis of the regional heterogeneity effect of 289 

green finance levels on carbon emission intensity: Jiangsu Province, including Nanjing, 290 

Wuxi, Changzhou, Suzhou, Nantong, Yancheng, Yangzhou, Zhenjiang, and Taizhou; 291 

Zhejiang Province, comprising Hangzhou, Ningbo, Wenzhou, Jiaxing, Huzhou, 292 

Shaoxing, Jinhua, Zhoushan, and Taizhou; and Anhui Province, including Hefei, Wuhu, 293 

Ma'anshan, Tongling, Anqing, Chuzhou, Chizhou, and Xuancheng. 294 

4.1.2. Data sources 295 

The construction of the comprehensive evaluation system is based on the samples 296 

of prefecture-level cities in the central cities of the Yangtze River Delta from 2011 to 297 

2020, with data sources including national, provincial, and municipal statistical 298 

yearbooks, energy and financial yearbooks, and the authoritative websites such as 299 
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People's Bank of China. 300 

4.1.3. Analysis of the implementation of green finance policies in prefecture-level cities 301 

This article employs the product of green securities and regional gross domestic 302 

product (GDP) to measure the significant contribution of green securities to regional 303 

economic development and environmental protection. A higher ratio indicates a greater 304 

combined effect of green securities on economic development and environmental 305 

protection, which plays a crucial role in guiding industrial development and allocating 306 

resources for the government. This is conducive to promoting the progress of 307 

environmental protection projects and effectively addressing environmental issues. 308 

"Carbon peaking" refers to the situation where carbon emissions reach their peak at a 309 

certain point in time and then gradually decline. This implies that economic growth will 310 

lead to an increase in carbon emissions before carbon peaking. Therefore, after 311 

excluding economic factors, the product of green securities and regional GDP can be 312 

used to measure the impact of green finance on carbon emissions. 313 

4.2 Model setting and variable selection 314 

4.2.1. Model specification 315 

This paper employs a panel data fixed-effects model. Under the premise of 316 

controlling the influence of other variables, the article first utilizes the ordinary least 317 

squares method to conduct a benchmark regression analysis on green finance and low-318 

carbon emission reduction in the central urban cities of the Yangtze River Delta region. 319 

The following econometric model (1) is constructed: 320 

            321 

To explore the indirect mechanism of the carbon emission reduction effect of green 322 

finance, models (2) and (3) are constructed. Model (2) examines the relationship 323 

between environmental support factors and green finance, while model (3) primarily 324 

discusses whether there is a mediating effect of environmental support factors on carbon 325 

emissions. The models are as follows: 326 

              327 

itit XGFCI  +++++=  tiiti21

itit XSupGF  +++++=  tiiti21it

（1） 

（2） 

（3） 
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    328 

In the above models, the subscript i  represents each city, and the subscript t329 

represents time. Dependent variableCI  is carbon dioxide emission intensity, and the 330 

core explanatory variable GF represents the development level of green finance, X331 

denotes a series of control variables, and the regression coefficient 1α reflects the degree 332 

of impact of green finance on regional carbon emissions.   represents the cross-333 

sectional fixed effect, represents the time fixed effect, and is the random disturbance 334 

term. 335 

4.2.2. Variable selection 336 

(1) Dependent Variable. The measurement of carbon emissions varies depending 337 

on the perspective of measurement. Drawing on the research ideas of Cong et al.(2014), 338 

this paper analyzes urban carbon emissions from both production and consumption 339 

perspectives, and accurately measures carbon emissions by establishing the relationship 340 

between direct measurement, indirect measurement, and life cycle measurement. In this 341 

article, the ratio of all direct emissions generated within the urban area, which are 342 

referred to as Scope 1, accounting for the total carbon emission intensity, is adopted to 343 

represent the explained variable. 344 

(2) Core Explanatory Variable. With the increasing global concern for 345 

environmental protection and sustainable development, the green securities market has 346 

also undergone rapid development. Many national and local governments have 347 

encouraged the issuance of green securities through subsidies and tax exemptions to 348 

promote the development of the green economy. To a certain extent,the total issuance 349 

of green securities can measure the degree of environmental sustainability. The 350 

implementation of green finance policies can facilitate the flow of funds towards low-351 

carbon and environmentally-friendly projects, thereby reducing carbon emissions. For 352 

instance, the study by Hao et al. (2021) found that financial instruments such as green 353 

credit and bonds can reduce carbon dioxide emissions. Additionally, Zhao et al. (2023) 354 

demonstrated that green finance can enhance the positive impact of industrial structural 355 

itit XSupGFCI  ++++++=  tiiti3it21
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changes on the development of renewable energy.In this context, the total issuance of 356 

green securities can be expressed as a part of the implementation effect of green 357 

financial policies. Combining it with regional GDP can be used to measure the balance 358 

between environmental protection and economic growth achieved by green financial 359 

policies. 360 

(3) Mediating Variable. The government can expand its environmental fiscal 361 

expenditure by providing subsidies, tax incentives, and other measures to encourage 362 

enterprises to invest and implement environmental protection projects. In turn, 363 

enterprises can reduce waste emissions during production through environmental 364 

protection measures such as increasing the proportion of clean energy and optimizing 365 

resource utilization efficiency, thus promoting the achievement of energy conservation 366 

and emission reduction goals. Research by Wang et al. (2024) has identified a link 367 

between public environmental concerns and urban carbon emissions, with 368 

environmental regulation serving as a partial mediating factor. As green finance 369 

develops, governments are investing more financial resources to support green 370 

industries and the research and application of low-carbon technologies, such as clean 371 

energy projects and energy-saving technological upgrades. These initiatives require 372 

substantial funding, and the extent of government support directly affects the 373 

effectiveness of their implementation.In this paper, the proportion of fiscal 374 

environmental protection expenditure is selected to reflect the government's support for 375 

green financial policies and serves as a mediating variable for the impact of green 376 

financial policies on carbon emission. 377 

(4) Control Variables. Drawing on the research of Zhao et al. (2020), this paper 378 

controls the characteristic variables that may affect carbon emission intensity. It adopts 379 

indicators such as industrial structure, level of opening up, industrialization level, 380 

urbanization ratio, and financial development degree as control variables. 381 

Table 1  The definitions of the variables and their measures 382 

Variable type Variable name Variable code Variable measure 

Core 

explanatory 

 Green finance 

level 
GF ln（ the proportion of 
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variables environmental securities  * 

regional GDP）  

Dependent 

variable 

Carbon emission 

intensity 
CI Range 1 / total carbon emissions  

Mediating 

variable 

 Environmental 

support 
Sup 

Financial and environmental 

protection expenditure / general 

budget expenditure 

Control 

variables 

  industrial 

structure 
Stru 

added value of the tertiary 

industry / regional GDP  

Open to the 

outside world 
Open 

Total import and export volume 

of goods / regional GDP 

Industrialization 

level 
Ind 

Industrial added value / regional 

GDP 

Urbanization ratio  Urban 
Urban population / permanent 

resident population  

Financial 

development 

degree 

Finance 

Total deposits of financial 

institutions / regional GDP at 

the end of the year  

4.2.3. Descriptive Statistics 383 

The twenty seven cities in Shanghai, Jiangsu, Zhejiang, and Anhui are defined as 384 

the coverage of the central urban areas of the Yangtze River Delta in the "Outline of the 385 

Development Plan for the Integration of the Yangtze River Delta Region". The research 386 

data covers the time dimension from 2011 to 2020, which is obtained from authoritative 387 

institutions such as local statistics bureaus’ statistical yearbooks, and the People's Bank 388 

of China. The missing values in the data are processed using interpolation methods. The 389 

descriptive statistics of the variables are detailed in Table 2. 390 

Table 2  Descriptive statistics 391 

Variable 

code 

Observed 

value 

Mean 

value  

Standard 

deviation  

Minimum 

value 

Maximal 

value 

CI 270 0.654 0.028 0.603 0.695 

GF 270 3.245 1.151 1.142 5.272 

Stru 270 0.454 0.0915 7.31e-05 0.727 

Open 270 0.0294 0.0185 0.000421 0.0932 

Ind 270 0.422 0.076 0.206 0.697 

Urban 270 0.656 0.103 0.381 0.896 

Finance 270 2.900 0.990 1.400 6.275 

Sup 270 0.008 0.004 0.001 0.020 

As shown in Table 2, the average proportion of Scope 1 in total carbon emissions 392 
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is 0.695, indicating that the proportion of Scope 1 in the overall carbon emission 393 

structure of the central urban areas of the Yangtze River Delta exceeds the sum of Scope 394 

2 and Scope 3. The standard deviation of 0.028 for the proportion of Scope 1 suggests 395 

that there is little difference in the composition of carbon emission intensity among the 396 

central urban areas in the Yangtze River Delta. The average level of green financial 397 

development is 3.245, with a minimum of 1.142, a maximum of 5.272, and a standard 398 

deviation of 1.151, indicating variations in the level of green financial development 399 

across different years and regions. The relatively large standard deviation of 0.990 for 400 

the level of financial development suggests that while the central urban areas of the 401 

Yangtze River Delta are generally economically developed, there is still considerable 402 

unevenness in the level of financial development among different prefecture-level cities. 403 

4.3 Results analysis and discussion 404 

4.3.1. Analysis of the benchmark regression results 405 

Table 3  Estimation results of carbon emission intensity based on green finance 406 

development level 407 

 （1）  (2) (3) (4) （5）  

Variable CI CI CI CI CI 

GF -0.002 -0.004** -0.004** -0.004** -0.006** 

 （-1.54）  （-2.55）  (-2.37) （-2.45）  （-3.12）  

Stru  0.034* 0.031 0.037 0.011 

  （2.07）  (1.62) （1.18）  （0.58）  

Open   -0.070 -0.081 -0.127 

   ( -0.63 ) （-0.68）  （-1.16）  

Finance   -0.001 -0.001 -0.002 

   （-0.22）  （-0.06）  （-0.81）  

Ind    0.016 -0.010 

    （0.659）  （-0.31）  

Urban     0 .064* 

     （2.03）  

Constant 0.66*** 0.651*** 0.655*** 0.645*** 0.641*** 
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 （127.46）  （81.10）  (102.07) （26.67）  （41.04）  

Observations 270 270 270 270 270 

Number of id 9 9 9 9 9 

R-squared 0.0096 0.0166 0.0175 0.0183 0.0347 

Time fixed 

effect 
control control control control control 

City fixed 

effect 
control control control control control 

*** p<0.01, ** p<0.05, * p<0.1（similarly hereinafter）  

The final regression results in Table 3 show that for every unit increase in the level 408 

of green financial development, the carbon emission level decreases by 0.006 units. 409 

This indicates that the implementation of green financial policies has an inhibitory 410 

effect on carbon dioxide emissions, which is highly consistent with previous research 411 

conclusions (Chen et al., 2023). It suggests that the conclusion is universal, and thus 412 

Hypothesis 1 is supported. 413 

First, a benchmark regression was conducted to examine whether the 414 

implementation of green financial policies promotes low-carbon emission reduction in 415 

the central urban areas of the Yangtze River Delta. The results are shown in Table 3. 416 

Using a step-by-step regression method, the core explanatory variable was first added 417 

to the model, and the regression results are presented in column (1) of Table 3. The 418 

results indicate that the implementation of green financial policies reduces regional 419 

carbon emissions, but the effect is not significant. Column (5) of Table 3 reflects the 420 

regression results after adding other control variables. It can be seen that the direction 421 

of the impact of green financial policies on carbon emission intensity remains 422 

unchanged after adding other control variables. However, for every unit increase in the 423 

level of green financial development, the carbon emission level decreases from 0.002 424 

units to 0.006 units, significantly promoting low-carbon development in the central 425 

urban areas of the Yangtze River Delta. Data analysis shows that an increase in the 426 

urbanization rate inhibits low-carbon development in the central cities of the Yangtze 427 

River Delta, indicating that an increase in the urban population leads to an increase in 428 

total carbon emissions. This may be attributed to the increased demand for public and 429 
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private transportation caused by the growing urban population, which leads to increased 430 

automobile exhaust emissions. Additionally, to meet the increased housing demand, 431 

forests that absorb carbon dioxide are cut down, and waste disposal, especially 432 

incineration, also generates a certain amount of carbon emissions. Overall, an increase 433 

in the urbanization rate primarily leads to an increase in carbon emissions through 434 

Scope 1. Furthermore, the industrial structure has a positive effect on carbon emissions, 435 

while the level of openness, financial development, and industrialization have negative 436 

inhibitory effects on carbon emissions, but the regression results are not significant. The 437 

insignificant promotion of the industrial structure on carbon emissions may be due to 438 

the fact that the industrial structure in the Yangtze River Delta region is no longer 439 

dominated by heavy industry, but has formed a new structure led by the service industry 440 

and high-tech industries, leading to a reduction in carbon emissions. However, 441 

traditional manufacturing and energy-intensive industries still account for a certain 442 

proportion in some regions, especially in some urban and industrial areas, and the total 443 

energy consumption in the Yangtze River Delta region is still increasing. There is a high 444 

dependence on fossil fuels such as coal, and with the rapid development of information 445 

technology, the popularity of electronic devices has greatly increased. These devices 446 

may generate carbon emissions during production, use, and disposal, especially when 447 

equipment is frequently updated. Therefore, the impact of the industrial structure on 448 

carbon emissions is influenced by multiple factors. 449 
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4.3.2. Mediator effect analysis 450 

 451 

Figure 3  Scatter plot and fitting curve of green finance level and environmental 452 

protection support 453 

Based on the fitting curve and scatter plot of green finance level and environmental 454 

protection support in Figure 3, it can be concluded that there is a positive correlation 455 

between the development level of green finance and environmental protection support. 456 

Wang et al.(2024)found through their research on the behavioral strategies and 457 

interactive relationships among the government, enterprises, and financial institutions 458 

in promoting emission reduction that government encouragement plays a crucial role 459 

in environmental sustainability. This paper empirically explores whether there is a 460 

mediating effect between the level of financial development and carbon emissions 461 

through Sobel test and Bootstrap test. 462 

Table 4  Sobel mediation effect test for environmental protection support 463 
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Benchmark 

regression 

results without 
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Environmental support 

Intermediary factor 

test 
 Contains intermediary factors  

Environmental 

support 
 CI 

(1) （2）   (3) 

GF 
-0.003* 

(-2.00) 
0.002***  0.0004 
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As can be seen from Table 4, the mediation effect coefficient of the Sobel test is -464 

0.0036, the direct effect coefficient is 0.0004, and the total effect is -0.0031. The z-465 

value is -2.103, indicating that environmental protection support significantly promotes 466 

low-carbon development through green finance at a 95% confidence level. 467 

Table 5  Test of Bootstrap mediation effect for environmental support 468 

 Coef. Std. Err. z P>z 
[95% Conf. 

Interval] 

_bs_1 -0.0035946 0.0017239 -2.09 0.037 

[-

0.006973，

-0.0002158] 

bs_2 0.0004761 0.0024573 0.19 0.846 

[-

0.0043402

，

0.0052923] 

This method is based on the Bootstrap sampling principle. As can be seen from 469 

Table 5, the confidence interval of the mediating effect of environmental protection 470 

support is [-0.0069735, -0.0002158], which does not include 0. This indicates that 471 

environmental protection support has a significant mediating effect in the process of 472 

（15.2）  （0.19）  

Environmental 

support 
   

-1.446** 

（2.07）  

Control variables control control  control 

Time fixed effect control control  control 

City fixed effect control control  control 

R-squared 0.0144 0.5095  0.0310 

Sobel test -0.036**（z=-2.103）  

Goodman test1 -0.036**（z=-2.098）  

Goodman test2 
-0.036**（z=-2.107）  

Intermediary effect 

coefficient 
-0.0036 

Direct effect 

coefficient 

0.0004 

Total effect 

coefficient 

-0.0031 

Mediator effect ratio  1.1527 
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green finance promoting low-carbon development. 473 

The results of both Sobel test and Bootstrap test indicate that environmental 474 

protection support has a significant mediating effect in the process of green finance 475 

promoting low-carbon development. However, after including environmental 476 

protection support, the level of green finance has an insignificant positive effect on 477 

carbon emission intensity. After systematic analysis, the reason may be related to the 478 

definition of green finance level in this paper. This paper defines the level of green 479 

finance as a dual variable reflecting both economic and environmental aspects. With 480 

economic growth, the level of carbon emissions may increase, but the regression results 481 

between this variable and carbon emission intensity show that it has a negative effect 482 

on carbon emission intensity. Therefore, it can be concluded that before reaching the 483 

peak of carbon emissions and without adding mediating variables, this indicator's 484 

negative impact on the environment outweighs its positive impact on the economy, 485 

promoting low-carbon development. When mediating variables are included, this 486 

indicator shows a promoting effect on carbon emissions, indicating that at this time, its 487 

negative impact on the environment is less than its positive impact on the economy. 488 

Therefore, the reason for this change may be that the government's increased spending 489 

on environmental protection has a greater effect on promoting economic development 490 

than on supporting green development. Based on the above analysis, it can be concluded 491 

that environmental protection support has a significant mediating effect in the process 492 

of green finance promoting low-carbon development, i.e., green finance has an indirect 493 

impact on carbon emission intensity in the central urban areas of the Yangtze River 494 

Delta. Therefore, Hypothesis 2 is valid. 495 

4.3.3. Further discussion 496 

（1）Analysis of the regional heterogeneity 497 

In previous studies, Feng et al. (2022) analyzed the heterogeneity between China's 498 

southern and northern regions and found that the development of green finance in China 499 

can significantly reduce carbon emissions, with notable regional heterogeneity. Wang 500 

et al. (2023) analyzed the heterogeneity in China's eastern, central, and western regions 501 

and concluded that green finance can reduce carbon emissions in the central and 502 
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western regions, while its impact on eastern provinces is not significant, demonstrating 503 

regional heterogeneity. This paper, drawing on the research of the aforementioned 504 

scholars, takes the central urban areas of the Yangtze River Delta in southeast China as 505 

the research object and explores the regional heterogeneity of green finance's impact on 506 

carbon emissions by internally dividing the region. In Hypothesis 3, the central urban 507 

areas of the Yangtze River Delta have been divided into Shanghai, Jiangsu Province, 508 

Zhejiang Province, and Anhui Province based on provincial regions. However, given 509 

the limited data availability of Shanghai, this paper excludes it from the analysis of 510 

regional differences to ensure the accuracy and reliability of the analysis results. 511 

Table 6  Test of regional heterogeneity of carbon emission intensity 512 

Area Variable 
Coefficie

nt 
 SE 

T value P value 

Jiangsu 

Province  

GF 0.016* 0.0077 2.09 0.071 

Ind 0.0489 0.2332 0.21 0.839 

Urban -0.2307 0.1504 -1.53 0.164 

Number of obs          90             R-squared         

0.1298 

Zhejiang 

Province  

Variable 
Coefficie

nt 
 SE 

T value P value 

GF -0.0132 0.01 -1.32 0.223 

Ind -0.233 0.1803 -1.29 0.232 

Urban 0.0563 0.2517 0.22 0.829 

Number of obs           90            R-squared         

0.1594 

Anhui Province 

Variable 
Coefficie

nt 
 SE 

T value P value 

GF -0.0027 0.0151 -0.18 0.862 

Ind 0.1781 0.1065 1.67 0.139 

Urban 0.0373 0.0471 0.79 0.455 

Number of obs           80           R-squared          

0.1600 

Time fixed effect                                     control 

City fixed effect                                      control 

Regression results from Table 6. In Jiangsu Province, the development level of 513 

green finance exhibits a significant positive influence on carbon emission intensity. The 514 

development level of green finance in Jiangsu has a notable positive effect on carbon 515 

emission intensity. This might imply that while the level of green finance development 516 
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in Jiangsu can promote economic growth, it concurrently accompanies an increase in 517 

carbon emission intensity. This could be because certain green finance projects are not 518 

yet fully mature, or the implementation effects of green finance policies have not fully 519 

manifested, leading to a short-term increase in emissions from economic growth that 520 

surpasses the reduction effect brought by green finance. In contrast, in Zhejiang and 521 

Anhui provinces, the impact of green finance development levels on carbon emission 522 

intensity is not significant, with negative coefficients. This might suggest that these two 523 

provinces have not yet fully realised the potential emission reduction effects of green 524 

finance, or their development is still in the early stages. The analysis shows that the 525 

impact of green finance development levels on carbon emission intensity varies 526 

between regions, confirming Hypothesis 3: that green finance levels have a 527 

heterogeneous regional effect on the carbon emission intensity of central urban areas in 528 

the Yangtze River Delta. 529 

According to the study by Wang et al. (2023), green finance can reduce carbon 530 

emissions in the central and western regions, while its impact on the eastern provinces 531 

is not significant, consistent with the regression results for Zhejiang and Anhui 532 

provinces in Table 6. This suggests that in eastern provinces such as Zhejiang, where 533 

green finance policies were implemented earlier, their effect on carbon emission 534 

intensity has stabilised. In contrast, Anhui is undergoing rapid industrialisation, and the 535 

development of green finance has not yet sufficiently offset the increase in carbon 536 

emissions arising from this industrialisation process. 537 

In summary, the results in Table 6 indicate significant regional heterogeneity in the 538 

impact of green finance development on carbon emission intensity across Jiangsu, 539 

Zhejiang, and Anhui provinces. In Jiangsu Province, the development of green finance 540 

has a notable, positive effect on carbon emission intensity, potentially linked to the 541 

province’s economic development model. Conversely, in Zhejiang and Anhui provinces, 542 

the influence of green finance on carbon emission intensity is insignificant, possibly 543 

reflecting the degree of implementation of green finance policies and the developmental 544 

stage these provinces are in. These findings suggest that differentiated policies should 545 

be adopted based on the characteristics of each province to more effectively leverage 546 
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green finance in promoting low-carbon economic development. 547 

（2）Robustness test 548 

The robustness test aims to examine the stability and reliability of empirical results 549 

by adjusting or changing a key parameter or assumption in the research and repeating 550 

the experiment or analysis. This article will investigate whether the empirical results 551 

and explanatory power of the green finance level on carbon emission intensity remain 552 

robust from three perspectives. 553 

Table 7  The robustness test 554 

 

Replace 

explanatory 

variables 

Avoid outliers 
Replace the dependent 

variable 

 （1）  （2）  （3）  

 -0.0001** -0.006*** 0.003** 

 （-2.18）  （-3.07）  （2.60）  

Control 

variables 
control control control 

_cons 0.656 0.640 0.3168 

 44.81 40.89 19.91 

Time fixed 

effect 
control control control 

City fixed 

effect 
control control control 

R-squared 0.011 0.036 0.0197 

Column (1) of Table 7 tests the robustness of the model by replacing the 555 

explanatory variable, following the research approach of Chen et al. (2023). Specifically, 556 

the ratio of the total green credit at the end of the year in prefecture-level cities to the 557 

regional GDP is used to measure the level of green finance development. The results 558 

show that the replaced explanatory variable can significantly inhibit carbon emissions 559 

at the 95% level. In regression analysis, excluding outliers can optimize data quality. 560 

Column (2) of Table 7 borrows from the robustness test approach of Li et al. (2024) by 561 

performing a 5% tail truncation on the data to avoid unrealistic regression results. The 562 

regression results do not change substantially. Column (3) of Table 7 conducts a 563 

robustness test by replacing the explained variable, specifically by replacing it with the 564 
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sum of the proportions of Scope 2 and Scope 3. The empirical results indicate that the 565 

level of green finance development has a positive effect on the sum of the proportions 566 

of Scope 2 and Scope 3, while total carbon emissions are composed of these three 567 

categories. This suggests that the level of green finance development significantly 568 

inhibits the original explained variable, and the original conclusion remains valid. 569 

The robustness test is passed through the methods of replacing the explanatory 570 

variable, excluding outliers, and replacing the explained variable. Therefore, the 571 

promoting effect of the level of green finance on low-carbon development is robust. 572 

5. Conclusion and policy recommendations 573 

5.1. Main conclusion 574 

Based on the data from 27 cities in the central urban areas of the Yangtze River 575 

Delta from 2011 to 2020, this study conducted in-depth empirical analysis to explore 576 

the specific impact of the development level of green finance on carbon emissions, 577 

employing panel regression analysis and mediation effect models. To ensure the general 578 

adaptability and stability of the research results, this paper also conducted regional 579 

heterogeneity test and robustness test to comprehensively validate the regression results. 580 

The main conclusions of this paper are as follows: Firstly, green finance can 581 

significantly inhibit carbon emissions. With the increasing severity of global 582 

environmental issues, the importance of green finance is constantly rising, which is not 583 

only a necessary measure to respond to global environmental protection challenges, but 584 

also an inevitable choice to promote long-term, stable, and sustainable economic 585 

development. Green finance serves as a crucial driving force for energy conservation 586 

and emission reduction, as well as a key step in optimizing economic development paths 587 

and achieving sustainable development. Secondly, environmental protection support 588 

has a significant mediation effect on the impact of green finance on carbon emissions. 589 

The greater the government's fiscal budget expenditure on environmental support and 590 

protection, the stronger the inhibitory effect on carbon emissions. Through the analysis 591 

of regional heterogeneity in carbon emissions, it is found that there are significant 592 

differences in the development of green finance in the central cities of the Yangtze River 593 
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Delta, and regions with higher levels of green finance have a more significant impact 594 

on carbon emission intensity. Thirdly, after conducting robustness tests using three 595 

methods: replacing explanatory variables, avoiding outliers, and replacing explained 596 

variables, the conclusion that green finance has a significant inhibitory effect on carbon 597 

emissions remains valid, indicating the robustness of the empirical results. 598 

5.2. Policy proposal 599 

Firstly, establish a comprehensive green and low-carbon financing system to 600 

enhance the accessibility and convenience of financing for green projects. To further 601 

increase financial institutions' enthusiasm for participating in green finance, the green 602 

finance policy framework should be improved. This includes, but is not limited to, 603 

increasing banks' financial support for green and low-carbon projects, developing 604 

unified green finance standards and certification systems, and clarifying the definitions 605 

and assessment criteria for green projects. Concurrently, financial institutions should 606 

prepare high-quality environmental information disclosure reports to boost market 607 

confidence in green financial products. They should also be encouraged to collaborate 608 

with other stakeholders to jointly construct a healthy and sustainable financial 609 

ecosystem.  610 

Secondly, leverage green finance to support energy structure transformation and 611 

promote the research, development and application of clean and efficient energy 612 

technologies. Gradually expand the role of green finance in supporting energy industry 613 

development and energy structure transition, optimise financial resource allocation, and 614 

intensify support for R&D and application of clean and efficient energy technologies. 615 

Implement stricter controls on financing for high-pollution industries and raise 616 

financing thresholds to restrict high energy consumption and high-emission projects. 617 

Concurrently, provide preferential financing policies to strongly support the R&D and 618 

application of clean and efficient energy technologies. Moreover, enhance the 619 

promotion of green finance concepts, raise public environmental awareness, and drive 620 

the shift of consumption habits towards greener and lower-carbon alternatives. This will 621 

indirectly facilitate the optimisation of energy consumption structures by encouraging 622 



 

28 
 

high-pollution and high energy-consuming products to exit the market. 623 

Thirdly, substantive green technological innovation should be encouraged, with 624 

enhanced financial support for key areas such as pollution control, green energy 625 

promotion and ecological restoration. The government ought to actively introduce 626 

relevant environmental regulations and policies, effectively coordinate environmental 627 

resource planning, fulfil its supervisory and management responsibilities, and establish 628 

an ecological compensation mechanism. Considering the characteristics and 629 

developmental stages of different enterprises, a value-based screening process should 630 

be implemented. This process should guide the green financial development of 631 

optimised enterprises and projects, strengthening the role of green finance in promoting 632 

tangible economic projects. Particular emphasis should be placed on increasing capital 633 

investment in crucial sectors such as pollution control and green energy promotion. 634 

 Fourth, deepen financial regional reform, strengthen financial cooperation and 635 

coordination within the region, and establish a unified green finance market and 636 

regulatory mechanism. To promote the standardisation of carbon emissions 637 

management, a unified carbon emissions system should be established. Under the 638 

effective regulation of market mechanisms, a national carbon market should be 639 

constructed to facilitate the achievement of the "dual carbon" goals. Simultaneously, 640 

develop a green finance standards system, clarifying the standards and requirements for 641 

green investments to reduce associated risks. With the unified construction of the 642 

national carbon market, enterprises can engage in carbon emission rights trading on a 643 

fair and transparent platform, thereby optimising the cost-effectiveness of carbon 644 

emissions and promoting the research, development and application of green 645 

technologies and low-carbon products. 646 
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