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Abstract: The development of green finance helps to promote the transition to a 7 

low-carbon economy. Using data from 30 provinces in China from 2001-2019, we 8 

empirically examine the impact of green finance on the transition to a low-carbon 9 

economy and further explore the mediating role of low-carbon technological 10 

innovation in this facilitation process. The study finds that (1) green finance can 11 

significantly contribute to the transformation of the low-carbon economy from China 12 

as a whole. However, when China is divided into four regions: east, central, west and 13 

northeast, the contribution of green finance to the low-carbon economic transition in 14 

the west is not significant. (2) After adding low-carbon technologies to the model, 15 

green finance still has a significant contribution to the low-carbon economic transition, 16 

but this contribution decreases with the intervention of low-carbon technologies. (3) 17 

There is a strong spatial dependence between green finance development and 18 

low-carbon economic transformation in 30 Chinese provinces. However, the 19 

dependence among provinces tends to weaken after 2011. And the overall green 20 

financial development in China shows a positive spillover effect on the low-carbon 21 

economic transition. Based on the analysis results, several countermeasures are 22 

proposed to promote the further development of China's low-carbon economy. 23 

Keywords: green finance; low carbon economy; low carbon technology 24 

Project fund: Performance Evaluation and Improvement Path of New Urbanization 25 

Development in China (2020GGJS092) 26 

I. Introduction 27 

Since the reform and opening up, China's economy has made world-renowned 28 

achievements. The gross domestic product has grown from 367.87 billion yuan in 29 

1978 to 101,598.62 billion yuan in 2020, a nearly 276-fold increase. However, China's 30 

past development method was a crude development at the expense of large-scale 31 

resources and destruction of the environment, which has posed certain threats to 32 

people's living environment and led to increasingly prominent problems such as 33 

climate warming and resource shortage. According to WMO data, by 2020, China's 34 

total CO2 emissions will surpass those of other countries in the world and be at the 35 
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top of the world. Excessive carbon emissions caused by economic development have 36 

led to climate warming, making climate-sensitive countries like China suffer greatly 37 

from this change. In 2003, the British government published the white paper "Future 38 

Energy - Creating a Low Carbon Economy", in which the concept of "low carbon 39 

economy" was first introduced. The concept of "low carbon economy" was first 40 

introduced in the UK government's White Paper "Energy for the Future - Creating a 41 

Low Carbon Economy" in 2003, emphasizing the need to achieve greater economic 42 

output by reducing natural resource consumption and greenhouse gas emissions (DTI, 43 

2003). The low carbon economy has become the fifth revolutionary wave that changes 44 

the world economy after the two industrial revolutions, the information revolution, 45 

and the biotechnology revolution. The development approach of low carbon economy 46 

will transform the industrial civilization based on fossil fuels in all aspects and shift 47 

the social development to ecological economic civilization. This is a challenge but 48 

also an opportunity for China, which will strongly transform China from a 49 

high-carbon economy to a low-carbon economy. In the report of the 19th Party 50 

Congress, it is clearly proposed that accelerating the construction of ecological 51 

civilization is an important task in the new era, and that by promoting the construction 52 

of beautiful China to improve the laws and regulations of green production and 53 

consumption, in order to facilitate the realization of the country's general policy and 54 

thus promote the development of China's green low-carbon recycling economy. And 55 

in September 2020, China clearly put forward the "double carbon" goal of "carbon 56 

peak" by 2030 and "carbon neutral" by 2060. The support and driving force behind 57 

the development of modern market economy is the development of modern finance. 58 

Finance is to economic operation as blood is to human blood circulation, and the 59 

financial industry, which is regarded as the "lubricant" and "engine" of modern 60 

economic and social development, plays a great role in adjusting economic structure, 61 

promoting independent innovation, saving energy and resources, and protecting 62 

ecological environment (Levine, 2004). The financial industry plays a huge role in 63 

adjusting economic structure, promoting independent innovation, saving energy and 64 

resources, and protecting ecological environment (Levine, 2004). As an important 65 

innovation in the financial field at the turn of the century, green finance is a product of 66 

the integration of traditional finance and modern environmental awareness in the 67 

context of sustainable development. Although the process of transforming traditional 68 

finance into green finance will encounter some difficulties and challenges, it plays an 69 

important role in coordinating economic development with environmental protection 70 

and maintaining the long-term stable development of human society. The 71 

transformation of traditional high-carbon economy to low-carbon economy and the 72 

change of economic development mode urgently requires the transformation and 73 



 

 

development of traditional finance to green finance. 74 

Therefore, this paper takes a sample of 30 Chinese provinces from 2001-2019 75 

(the sample data of Tibet Autonomous Region of China, Hong Kong Special 76 

Administrative Region, Macao Special Administrative Region and Taiwan are not 77 

covered in this study for the time being because of missing samples) to 78 

comprehensively examine the impact of green finance on the development of 79 

low-carbon economy and further analyze the mediating role played by low-carbon 80 

technological innovation between the two. The possible innovations of this paper are: 81 

(1) the promotion role of green finance on the transformation of the low-carbon 82 

economy is explored separately from China as a whole and locally, providing some 83 

reference for the development of each region in China. (2) The mediating effect test 84 

finds that low-carbon technology innovation plays a certain boosting role in the 85 

process of green finance promoting the transformation of low-carbon economy. (3) 86 

Based on the traditional regression, further analysis is done by spatial relationship test, 87 

and it is found that there is a strong spatial dependence between green finance 88 

development and low-carbon economic transformation in 30 Chinese provinces, but 89 

this dependence starts to decline after 2011. 90 

II. Literature Review and Research Hypothesis 91 

At present, most international scholars have focused their attention on the 92 

qualitative analysis of the concept, connotation, and operation mechanism of green 93 

finance. Salazar (1998), who has not defined the meaning and concept of green 94 

finance globally, argues that green finance is a financial innovation that emerged from 95 

the context of environmental protection and is an intermediate bridge between the 96 

financial industry and the environmental protection industry. Scholtens (2006) focuses 97 

on the interplay between green finance and sustainable development, finding that 98 

green finance facilitates economic operations by providing capital and is a driver of 99 

corporate social responsibility. Since the development of green finance is relatively 100 

late and the information disclosed varies from country to country, there is no unified 101 

standard to measure the development level of green finance internationally. The 102 

current academic research on the development level of green finance is mainly 103 

conducted by Marcel (2001) and Street (2001) from the micro level, focusing their 104 

research perspective on the green operation and management level of financial 105 

institutions, which is mainly divided into four target layers, such as internal 106 

management, business operation, information disclosure and green operation. This 107 

approach can better evaluate aspects such as the operation and service level of 108 

financial institutions. 109 

At present, domestic and foreign research on low carbon economy mainly 110 



 

 

focuses on the connotation and concept, relevant countermeasures and development 111 

level estimation. The concept of low carbon economy was first introduced in the 112 

energy white paper entitled "Future Energy - Creating a Low Carbon Economy" 113 

published by the British government in 2003, which emphasized the need to obtain 114 

greater economic benefits with less energy consumption and pollution (DTI , 2003). 115 

Claessens et al. (2007) argue that there is a broad and narrow sense of low-carbon 116 

economy, and that the narrow sense of low-carbon economy refers to the transfer of 117 

risk to achieve the purpose of environmental protection. The broad sense of low 118 

carbon economy, on the other hand, is expanded to refer to all market-based 119 

instruments that address environmental and climate issues. 120 

Greenwood et al. (1990) argue that there is a mutual influence between finance 121 

and economic growth, and that financial development can increase the rate of return 122 

on capital and thus promote economic growth, which in turn can Economic growth 123 

can in turn promote the development of finance in a more complex and diversified 124 

direction, and can also promote the transition to a low-carbon economy. Claessens et 125 

al. (2007) found that some irregular activities of enterprises are constrained to some 126 

extent by financial institutions, and a well-developed financial system can promote 127 

the development of low-carbon technologies and industries. Wara (2007) discusses the 128 

significance of green financial development for the transformation of low-carbon 129 

economy, and argues that the prosperous development of green financial market can 130 

boost the development of low-carbon economy and improve the sustainability of the 131 

whole society. Jeucken (2010) analyzed the relationship between banking and 132 

sustainable development through the lens of the most fundamental environmental 133 

issues and banking, and the findings suggest that the financial sector plays a crucial 134 

role in this process of changing traditional concepts to those of sustainable 135 

development. Ozturk et al. (2013) discussed carbon emissions, financial development, 136 

financial development, energy consumption, and economic growth in the context of 137 

Turkey. relationship between trade status, energy consumption and economic growth. 138 

It was found that financial development can promote economic growth and reduce 139 

energy consumption in the short term; however, in the long term effect, financial 140 

development hardly contributes to the reduction of carbon emissions per capita. 141 

The functionalist theory of finance holds that the channels through which finance 142 

acts on economic growth are capital allocation and technological progress. Therefore, 143 

finance has an important role in the transformation of economic growth, and green 144 

finance, as an important innovation in the field of finance, has an irreplaceable role in 145 

the transformation of the economic model. First, the resource allocation function, 146 

financial institutions involved in the field of environmental protection, in the loan 147 

application process to join the environmental protection standards, through a strong 148 



 

 

information identification mechanism, filter out the traditional "two high" projects, to 149 

support the new energy industry; and through a strong incentive reward and 150 

punishment mechanism, to reward energy-saving loans, track down the collection of 151 

environmentally polluting loans In addition, we will guide the flow of social capital to 152 

green industries, improve the industrial structure, and promote the transformation of 153 

the economy from a high-carbon economy to a low-carbon economy. The second is to 154 

cultivate new dynamic energy. A very important piece of the low-carbon economy is 155 

the development of new energy and clean technology, an industry characterized by 156 

intensive human capital and fewer fixed assets. Green finance through venture capital 157 

funds and other forms, looking at the market prospects and high growth of the 158 

industry, in the initial stage of vigorous incubation and cultivation, with technology 159 

maturity listed after the cultivation of independent innovation capacity of 160 

environmental technology, the formation of sustained economic growth of the 161 

intrinsic power. Third, to guide socio-economic behavior. Green finance does not only 162 

stay in the field of corporate business, but also can be extended to the field of personal 163 

finance, developing financial products related to low carbon economy, such as green 164 

car credit and green mortgage, guiding and cultivating people's low carbon 165 

consumption concept and establishing a sustainable green economy. Therefore, this 166 

paper proposes the following research hypothesis. 167 

H1: Green finance can facilitate China's low-carbon economic transition. 168 

In the process of green finance promoting China's low-carbon economic 169 

transformation, there are many factors playing a boosting role, among which 170 

low-carbon technology innovation is an important factor. The development of green 171 

finance can promote low-carbon technology innovation through the technology 172 

spillover from foreign direct investment, the effective allocation of financial resources, 173 

and financial capital to support the accumulation of human capital. Mainly through 174 

the following aspects to influence low-carbon technology innovation: First, green 175 

finance through the technology spillover of foreign direct investment to promote the 176 

development of low-carbon technology. The technology spillover of FDI for the 177 

invested country is mainly through the positive impact of the technology 178 

demonstration effect of foreign enterprises, the competition effect and the exchange of 179 

employees from both sides. The full development of green finance in a country will 180 

attract financing from other countries, and external financing can better play the role 181 

of technology spillover and promote the innovation and progress of national 182 

technology. Second, green finance promotes innovation in low-carbon technology 183 

through the optimal allocation of resources. The resource allocation function of green 184 

finance can make social funds reasonably allocated in various industries. And 185 

scientific research cannot be done without the support of funds, and a large amount of 186 



 

 

funds and national policies are needed to support the successful development of 187 

technology and its successful application to actual production and life. The 188 

development of low carbon economy is the main trend of future economic 189 

development in China and the world. The resource allocation function of green 190 

finance will effectively flow the human, material and financial resources of the 191 

society to this forward-looking industry, so that the scientific research of low-carbon 192 

technology can be carried out more smoothly. Third, green finance promotes the 193 

innovation of low-carbon technology through talent attraction. Human capital is one 194 

of the more special resources among all. The richer a country's human capital is, the 195 

better its technological innovation and transformation capabilities will be. The 196 

effective allocation of resources is one of the main functions of green finance, and 197 

human capital as one of the resources, green finance can also have a positive impact 198 

on its allocation. The investment of capital is a strong support for human capital 199 

accumulation. Education is the basis of human capital formation, and the investment 200 

cycle of education is relatively long, and this process needs a large amount of 201 

financial support. Green finance can take advantage of its own advantages to guide 202 

the flow of social resources to the training field about low-carbon technology, 203 

cultivate high-tech talents in this area, and then promote the innovation of low-carbon 204 

technology. To sum up, green finance can effectively promote the development and 205 

innovation of low-carbon technologies. 206 

In the initial production process the goal of each company is to minimize 207 

production costs and thus increase profits (Chen and Shen, 2012). However, in recent 208 

years, as environmental problems have become more and more prominent, 209 

governments and companies have slowly started to pay attention to research related to 210 

environmental issues, and in order to reduce the negative impact of production 211 

pollution on the environment, some companies in developed countries such as the 212 

United States and the European Union have gradually invented and used some new 213 

technologies and production methods (Chen and Hao, 2015). One of the earliest 214 

policies to control carbon emissions is the cap-and-trade policy (Keohane, 2009). The 215 

cap-and-trade policy is to reduce the damage to the environment by providing 216 

incentives to companies that can achieve a reduction in carbon emissions. Such a 217 

policy can be effective in controlling pollution levels. However, it is managed through 218 

an external coercive means. In recent years, there has been a growing sense of 219 

environmental responsibility among some manufacturing companies, and in such a 220 

carbon-constrained market, companies should grow to meet both economic and 221 

carbon goals, i.e., increasing profits and reducing environmental damage. Therefore, 222 

companies are beginning to shift their attention to developing green technologies to 223 

produce. Among them, innovation of low carbon technology is a means to achieve 224 



 

 

low carbon economic transformation. Achieving low-carbon technology innovation is 225 

the key to promoting the transformation and upgrading of manufacturing industries, 226 

and is also an important factor for companies to occupy a certain dominant position in 227 

an increasingly competitive market. The role of low-carbon technology innovation on 228 

the transformation of low-carbon economy mainly includes the following ways: first, 229 

the innovation of technology can reset the technological track of enterprises and 230 

stimulate a series of related fields of innovation behind, forming a combination of 231 

new technologies and production processes, reducing the carbon emissions of 232 

enterprises and promoting the development of low-carbon economy (Lpez and 233 

Montalvo ,2015). For example, the manufacturing of new energy vehicles in the 234 

automotive industry has revolutionized the dependence of cars on fossil fuels, thus 235 

reducing carbon dioxide emissions (Cunico et al, 2017). Secondly, it has reduced the 236 

cost of carbon emissions. Developed countries and most developing countries pursued 237 

economic and industrial development in the past at the cost of excessive consumption 238 

of resources and environmental pollution in the future, but the resulting environmental 239 

problems are becoming more and more prominent, so there is a need to reduce carbon 240 

dioxide emissions through low-carbon technology innovation, which in turn reduces 241 

the costs paid by companies for carbon emissions. For example, technological 242 

improvements in manufacturing photovoltaic equipment have greatly reduced the cost 243 

of photovoltaic manufacturing worldwide, which to some extent allows 244 

manufacturing industries to reduce the use of traditional fossil fuels and promote the 245 

development of a low-carbon economy. This paper therefore proposes the following 246 

research hypothesis. 247 

H2: Innovation in low-carbon technologies has a mediating role in the transition 248 

between green finance and low-carbon economies. 249 

III. Empirical model and data 250 

(i) Empirical model setting 251 

1 Benchmark model 252 

To test the above research hypothesis, the following benchmark regression model 253 

is set in this paper. 254 𝐿𝐶𝑇𝐹𝑃𝑖𝑡 = 𝛼0 + 𝛼1𝐺𝑅𝐸𝐸𝑁𝑖𝑡 + 𝛼2𝐹𝐷𝐼𝑖𝑡 + 𝛼3𝐼𝑁𝑖𝑡 + 𝛼4𝑅𝐺𝐷𝑃𝑖𝑡 + 𝛼5𝑈𝐼𝑖𝑡 +255 𝑦𝑒𝑎𝑟𝑡 + 𝑐𝑖𝑡𝑦𝑖 + 𝜀𝑖𝑡                      (1) 256 

where 𝐿𝐶𝑇𝐹𝑃𝑖𝑡 is the low carbon economic transition index of province i in 257 

year t. 𝐺𝑅𝐸𝐸𝑁𝑖𝑡 is the green financial development index of province i in year t. 258 𝐹𝐷𝐼𝑖𝑡 is the ratio of the net fixed assets of the three capital enterprises to the regional 259 

GDP in province i in year t. 𝐼𝑁𝑖𝑡represents the level of regional industrialization, and 260 



 

 

is the ratio of industrial value added to regional GDP in province i in year t. 𝑅𝐺𝐷𝑃𝑖𝑡 261 

Representing the level of regional economic development, expressed by using the 262 

logarithm of GDP per capita of each province and city. 𝑈𝐼𝑖𝑡 represents the level of 263 

regional urbanization, expressed using the ratio of urban population to the total 264 

regional population in each province and city. In addition, the model controls for year 265 

effects and province effects, and 𝜀𝑖𝑡 denotes the random disturbance term. 266 

2 Mediated effects model 267 

In the previous analysis, it is mentioned that green financial development helps 268 

to enhance China's low-carbon technology innovation, which in turn promotes the 269 

successful transformation of the regional low-carbon economy. In order to test the 270 

hypothesis proposed in the previous section, this paper conducts a mediating effect 271 

analysis on green financial development to promote regional carbon technology 272 

innovation, and then promote the transformation and upgrading of China's low-carbon 273 

economy. Therefore, the following mediating effect model is established. 274 𝐿𝐶𝑇𝐹𝑃𝑖𝑡 = 𝛼0 + 𝛼1𝐺𝑅𝐸𝐸𝑁𝑖𝑡 + 𝛼2𝐹𝐷𝐼𝑖𝑡 + 𝛼3𝐼𝑁𝑖𝑡 + 𝛼4𝑅𝐺𝐷𝑃𝑖𝑡 + 𝛼5𝑈𝐼𝑖𝑡 +275 𝑦𝑒𝑎𝑟𝑡 + 𝑐𝑖𝑡𝑦𝑖 + 𝜀𝑖𝑡                     （2） 276 𝐿𝐶𝐼𝑖𝑡 = 𝛽0 + 𝛽1𝐺𝑅𝐸𝐸𝑁𝑖𝑡 + 𝛽2𝐹𝐷𝐼𝑖𝑡 + 𝛽3𝐼𝑁𝑖𝑡 + 𝛽4𝑅𝐺𝐷𝑃𝑖𝑡 + 𝛽5𝑈𝐼𝑖𝑡 + 𝑦𝑒𝑎𝑟𝑡 +277 𝑐𝑖𝑡𝑦𝑖 + 𝜀𝑖𝑡                         （3） 278 𝐿𝐶𝑇𝐹𝑃𝑖𝑡 = 𝛾0 + 𝛾1𝐺𝑅𝐸𝐸𝑁𝑖𝑡 + 𝛾2𝐿𝐶𝐼𝑖𝑡 + 𝛾3𝐹𝐷𝐼𝑖𝑡 + 𝛾4𝐼𝑁𝑖𝑡 + 𝛾5𝑅𝐺𝐷𝑃𝑖𝑡 + 𝛾6𝑈𝐼𝑖𝑡 +279 𝑦𝑒𝑎𝑟𝑡 + 𝑐𝑖𝑡𝑦𝑖 + 𝜀𝑖𝑡                     （4） 280 

Among them, equation (2) is the benchmark regression model, and its variable 281 

explanations are exactly the same as those in the benchmark regression, which will 282 

not be repeated here. The explanatory variable in equation (3) 𝐿𝐶𝐼𝑖𝑡  is the 283 

low-carbon technology innovation in each province, and equation (4) is added to 284 

equation (2). 𝐿𝐶𝐼𝑖𝑡. This paper adopts the stepwise regression method of mediating 285 

effect test, whose general steps are: if the equation (2) in 𝛼1 is not significant, it 286 

indicates that the causal relationship between green finance and low-carbon economic 287 

transformation is not significant, and randomly stop the intermediary effect test, if it is 288 𝛼1 significant, the regression equation of equation (3) is continued to test whether 289 

green finance affects low carbon technology innovation in the province. If 𝛽1 is not 290 

significant, it indicates that the causal relationship between green finance and regional 291 

low carbon technology innovation is weak, terminate the mediating effect test, and if 292 

it is significant, continue with equation (4) to test whether the mediating effect of low 293 

carbon technology innovation exists. 294 

(ii) Sample selection and index selection 295 

1Sample selection 296 

To study the impact of green finance on China's low-carbon economic 297 



 

 

transformation, this paper uses data from 30 provinces and autonomous regions of 298 

China (sample data from Tibet Autonomous Region of China, Hong Kong Special 299 

Administrative Region, Macau Special Administrative Region and Taiwan are not 300 

covered in this study for the time being because of missing samples) from 2001-2019 301 

as samples for empirical research. The data are mainly obtained from the China 302 

Statistical Yearbook, China Energy Statistical Yearbook, China Industrial Statistical 303 

Yearbook, and China Environmental Statistical Yearbook in previous years. 304 

2 Indicator selection 305 

(1) Core variables 306 

Low carbon economic transition (LCTFP): most of the existing literature uses 307 

low carbon total factor productivity as a measure of low carbon economic transition, 308 

but the index is not transferable and the linear programming may be unsolvable when 309 

calculating the intertemporal directional distance function, while the Global 310 

Malmquist-Luenberger (GML) index can overcome The Global 311 

Malmquist-Luenberger (GML) index can overcome the above-mentioned 312 

shortcomings. Therefore, this paper uses the Global Malmquist-Luenberger index, 313 

which takes into account the directional distance function of the undesired output 314 

SBM, to measure low-carbon total factor productivity as a proxy for low-carbon 315 

economic transformation, following the approach of Qin et al. In this paper, the 316 

low-carbon total factor productivity is measured by Maxdea software, in which: the 317 

desired output indicator is regional GDP (billion yuan), the undesired output indicator 318 

is CO2emissions (million tons), and the input indicators are capital stock (billion 319 

yuan), employment (10,000 people), and total energy consumption (million tons of 320 

standard coal). The capital stock is accounted for using the perpetual inventory 321 

method of Haojie Shan, and is deflated using the fixed asset price index with 2001 as 322 

the base period to measure the capital stock (billion yuan) in constant prices in each 323 

province. CO2 emissions are obtained by discounting the end-use energy consumption 324 

of each province. Maxdea's measured low-carbon total factor productivity is a relative 325 

value, and this paper converts the relative low-carbon total factor productivity into 326 

absolute low-carbon total factor productivity by multiplying the base period of 2001. 327 

In order to reduce the heteroskedasticity, this paper takes the logarithm of it. 328 

Green finance (GREEN): summarizing the existing literature, we can find that 329 

the current construction of green finance evaluation system in China is mainly based 330 

on micro and macro perspectives. The evaluation of green finance based on macro 331 

perspective is mainly based on the overall situation, considering the development of 332 

green finance at national or regional level, and selecting 7 indicators in 4 dimensions 333 

of green credit, green securities, green insurance and green investment to build a 334 

comprehensive evaluation system of green finance.1. Green credit indicators. The 335 



 

 

measurement of green credit indicators in China's academic circles mainly includes 336 

the percentage of green credit of the five major commercial banks, the percentage of 337 

loans for energy-saving and environmental protection projects in the China Banking 338 

Social Responsibility Report and the percentage of interest expenses of the six major 339 

high energy-consuming industries. This system measures the development of green 340 

credit in China by using the ratio of interest expenditure of the six major 341 

energy-consuming industries to the total interest expenditure of industrial industries in 342 

each province as the inverse indicator of green credit. Green credit indicators 343 

2001-2019 related data are mainly from the China Industrial Statistical Yearbook and 344 

the statistical yearbooks of each region. 2. Green securities. The market value ratio of 345 

energy-saving and environmental protection enterprises and the market value ratio of 346 

six high-energy-consuming industries are selected as the characterization. The 347 

division of energy-saving and environmental protection enterprises is based on the 348 

division of the concept of energy-saving and environmental protection belonging to 349 

the Flush website. The six high-energy-consuming industries specifically include the 350 

non-ferrous metal smelting and rolling processing industry, petroleum processing and 351 

coking and nuclear fuel processing industry, chemical raw materials and chemical 352 

products manufacturing industry, ferrous metal smelting and rolling processing 353 

industry, non-metallic mineral products industry, electricity and heat production and 354 

supply industry, and other six major categories. The data of market value of 355 

energy-saving and environmental protection enterprises, market value of the six 356 

energy-consuming industries and total market value of A-shares (2001-2019) are 357 

obtained from the Guotaian CSMAR database.3. Green insurance. The indicators of 358 

environmental liability insurance scale and environmental liability insurance payout 359 

rate are selected to reflect the development of green insurance in China. Based on the 360 

fact that the institutional framework of environmental pollution liability insurance was 361 

formally established in China only in 2007, the development of green insurance is at 362 

its initial stage and the relevant data are not perfect. Therefore, the scale of 363 

agricultural insurance and the payout rate of agricultural insurance are used instead of 364 

the scale of environmental liability insurance and the payout rate of environmental 365 

liability insurance indicators. The data of green insurance (2001-2019) are all from 366 

China Insurance Yearbook.4. Green investment. Green investment indicators are 367 

selected from two indicators: the proportion of public expenditure on energy 368 

conservation and environmental protection, and the proportion of investment in the 369 

treatment of environmental pollution. Among them, the data of fiscal expenditure on 370 

energy conservation and environmental protection and total fiscal expenditure 371 

(2001-2019) are from wind database, and the data of investment in pollution control 372 

as a proportion of GDP (2001-2019) are from China Environmental Statistical 373 



 

 

Yearbook. 374 

Low Carbon Technology Innovation (LCI): Due to the objectivity and stability of 375 

the patent granting criteria, the number of patents can reflect the level of innovation 376 

very well. Class Y02 in the cooperative patent classification jointly issued by the 377 

European Patent Office and the United States Patent Office is defined as green 378 

technologies or applications that mitigate or adapt to climate change. In this paper, 379 

based on the approach of Chen et al. (2015), patents with classification numbers 380 

Y02B, Y02C, Y02D, Y02E, Y02P, Y02T and Y02W are regarded as low-carbon 381 

innovation patents, and the number of their grants is used as a measure of low-carbon 382 

technology innovation indicators in each province. In order to reduce the 383 

heteroskedasticity, this paper takes logarithms for them. 384 

(2) Control variables 385 

According to the existing literature, it is found that foreign direct investment 386 

(FDI), industrialization level, economic development level and urbanization level may 387 

have some influence on low carbon economic transformation, so these indicators are 388 

selected as control variables in this paper. Foreign direct investment (FDI): the ratio of 389 

net fixed assets to regional GDP of the three enterprises in each province and city; 390 

Industrialization level (IN): the ratio of industrial value added to regional GDP in each 391 

province and city; Economic development level (RGDP): the logarithm of per capita 392 

GDP in each province and city; Urbanization level (UI): the ratio of urban population 393 

to total regional population in each province and city. Descriptive statistics of the 394 

main variables are shown in Table 1. 395 

Table 1 Descriptive statistics values of main variables 

Variable 
Average 

value 

Standard 

deviation 

Minimum 

value 

Maximum 

value 

Observed 

values 

LCTFP 0.276 0.117 0.104 0.598 570 

GREEN 0.141 0.093 0.042 0.793 570 

LCI 6.799 1.468 2.392 9.653 570 

FDI 0.022 0.017 0.004 0.081 570 

IN 0.379 0.087 0.111 0.592 570 

RGDP 10.189 0.829 7.971 12.009 570 

UI 0.522 0.151 0.234 0.907 570 

IV. Empirical Analysis 396 

(i) Baseline regression 397 

A preliminary examination of the intrinsic relationship between green finance 398 

and low-carbon economic transition is first conducted. In terms of research 399 

methodology, this paper uses OLS as the benchmark regression and further employs a 400 



 

 

two-way fixed effects (FE) model with fixed time and area effects to test the 401 

theoretical hypothesis. Table 2 presents the contents of the benchmark regression 402 

results. In order to investigate the impact of green finance on low-carbon economic 403 

transformation under different conditions, this paper presents the regression results 404 

with and without the inclusion of control variables in the benchmark regressions. The 405 

OLS regression results are presented in (1)-(2). Column (1) shows that the impact of 406 

green finance on low-carbon economic transformation is significantly positive when 407 

no control variables are included, which initially proves the research hypothesis. With 408 

the inclusion of control variables, the effect of green finance on low carbon economic 409 

transformation remains significantly positive. Columns (3)-(4) show that the impact of 410 

green finance on low-carbon economic transformation remains significantly positive 411 

after applying the fixed-effects model and further controlling for time and area effects. 412 

Table 2 Baseline regression results 

Variable 
(1) (2) (3) (4) 

OLS OLS FE FE 

GREEN 
0.387*** 0.681*** 0.527*** 0.416*** 

(7.66) (10.60) (8.97) (6.49) 

FDI  
0.028*** 

 
0.040*** 

 
(9.36) 

 
(13.44) 

UI  
-0.002*** 

 
-0.002*** 

 
(-4.28) 

 
(-5.69) 

IN  
0.647*** 

 
0.500*** 

 
(12.43) 

 
(8.81) 

RGDP  
-0.078*** 

 
(0.02) 

 
(-7.11) 

 
(-1.38) 

_cons 
0.221*** 0.463*** 0.234*** (0.03) 

(26.03) (5.11) (11.17) (-0.28) 

Time fixed effects NO NO YES YES 

Regional fixed effects NO NO YES YES 

N 570 570 570 570 

R
2
 0.09 0.46 0.13 0.57 

F 58.70 82.84 4.24 30.17 

Note: Standard errors in parentheses, *, **, *** indicate significant at the 10%, 5%, 413 

and 1% levels, respectively 414 

(ii) Analysis of mediating effects 415 

Table 3 reports the regression results of the mediating effect played by 416 

low-carbon technology innovation in the transition between green finance and 417 



 

 

low-carbon economy. Column (1) shows the regression results of the benchmark test 418 

using two-way fixed effects, and column (2) shows the regression results of the green 419 

finance index (GREEN) on low-carbon technology innovation (LCI), from which it 420 

can be seen that the development of green finance can promote the level of 421 

low-carbon technology innovation. Column (3) further adds low carbon technology 422 

innovation to column (1), and after the inclusion of mediating variables, the 423 

regression coefficient of green finance on low carbon economic transformation 424 

remains significantly positive, but the significance decreases. Meanwhile, the 425 

coefficient of low carbon technology innovation is significantly positive, indicating 426 

that low carbon technology innovation plays a part of the mediating effect and the 427 

research hypothesis is verified. 428 

Table 3 Mediating effect test 

Variable 
(1) (2) (3) 

LCTFP LCI LCTFP 

GREEN 0.416*** 0.408*** 0.019** 

 
(6.49) (6.40) (2.14) 

LCI 
  

0.972*** 

   
(82.68) 

FDI 0.040*** 0.040*** 0.004 

 
(13.44) (13.63) (0.88) 

UI -0.002*** -0.003*** 0.0002 

 
(-5.69) (-6.04) (0.57) 

IN 0.500*** 0.563*** -0.048*** 

 
(8.81) (9.99) (-2.99) 

RGDP (0.02) (0.01) -0.007** 

 
(-1.38) (-0.83) (-2.26) 

_cons (0.03) (0.12) 0.085*** 

 
(-0.28) (-1.18) (3.35) 

Time fixed effects YES YES YES 

Regional fixed effects YES YES YES 

N 570 570 570 

R
2
 0.569 0.599 0.972 

F 30.168 34.033 750.395 

Note: Standard errors in parentheses, *, **, *** indicate significant at the 10%, 5%, 429 

and 1% levels, respectively 430 

(iii) Endogeneity test 431 

In general, regions with a higher degree of green finance development have 432 



 

 

higher economic growth rates and a higher degree of low carbon economic transition. 433 

Therefore, there is inevitably a degree of endogenous correlation problem between 434 

green finance development and low-carbon economic transformation, and ignoring 435 

this endogeneity may lead to obtaining biased estimation results. Therefore, this paper 436 

uses the instrumental variables approach to overcome this difficulty. The lagged 437 

one-period of the green financial development index is used as the instrumental 438 

variable (GREEN_IV). The 2SLS method is used for estimation in the IV regression, 439 

and the estimation results are shown in Table 4. The positive correlation between the 440 

instrumental variables and the green financial development index in the first stage and 441 

passed the significance test at the 1% level, while the F-value is greater than 10, 442 

which also proves that there is no weak instrumental variable, and the whole 443 

regression results passed the Sargan test. The regression results of the second stage 444 

show that the relationship between green finance and China's low-carbon economic 445 

transformation remains significantly positive, which is consistent with the baseline 446 

regression results of this paper and further proves the robustness of the above 447 

judgment on the causal relationship between green finance development and 448 

low-carbon economic transformation. 449 

Table 4 Regression results of instrumental variables 

Variable 
Phase I Phase II 

GREEN lctfp 

GREEN_IV 
1.058*** 

 
(17.57) 

 

GREEN  
0.385*** 

 
5.68 

FDI 
0.0003639* 0.039*** 

1.40 12.81 

UI 
(0.12) (0.00) 

(0.32) （-5.22） 

IN 
(0.01) 0.499*** 

(2.38) 8.66 

RGDP 
0.0024*** (0.15) 

2.33 1.19 

_cons 
(0.01) (0.04) 

0.45 （-0.44） 

Time fixed effects YES YES 

Regional fixed effects YES YES 

Note: Standard errors in parentheses, *, **, *** indicate significant at the 10%, 5%, 450 

and 1% levels, respectively 451 



 

 

(iv) Robustness test 452 

In this paper, the robustness of the baseline regression results is tested by the 453 

following two ways, and the regression results are shown in Table 5. 454 

1. replace the explanatory variables. Referring to Li and Yu (2013), the energy 455 

economy TFP, i.e., using the results without considering the non-desired output 456 

carbon emissions, based on the traditional ML index measure, is used as a proxy 457 

variable for the low-carbon economic transition. The regression results are shown in 458 

Table 5 (1)-(2). (1) is the OLS regression result with the inclusion of control variables, 459 

and (2) is a two-way fixed-effects model with the inclusion of control variables and 460 

controlling for time and area effects. From the regression results, it can be seen that 461 

the regression results of green financial development on low carbon economic 462 

transformation remain significantly positive after replacing the explanatory variables. 463 

2 Excluding super tier 1 provinces. In order to exclude the effect of extreme 464 

samples, the North, Shanghai and Guangzhou regions are excluded from the overall 465 

sample. The regression results are shown in columns (3)-(4) of Table 5. From the 466 

regression results, we can see that green finance still significantly contributes to 467 

China's low-carbon economic transformation after excluding super tier 1 provinces, 468 

and the baseline regression results are more robust. 469 

Table 5 Robustness tests 

Variable 
(1) (2) (3) (4) 

LCTFP_S LCTFP_S LCTFP LCTFP 

GREEN 
2.679*** 0.924* 0.999*** 0.586*** 

(5.05) (1.70) (7.49) (4.48) 

FDI 
0.188*** 0.267*** 0.024*** 0.035*** 

(7.66) (10.76) (7.86) (11.51) 

UI 
-0.010*** -0.013*** -0.003*** -0.003*** 

(-2.80) (-3.75) (-4.83) (-6.48) 

IN 
3.759*** 2.633*** 0.552*** 0.305*** 

(9.11) (5.68) (10.47) (4.48) 

RGDP 
-0.426*** (0.03) -0.087*** 0.00 

(-4.81) (-0.25) (-6.79) (0.02) 

_cons 
2.779*** (0.43) 0.587*** (0.09) 

(3.85) (-0.53) (5.71) (-0.77) 

Time fixed effects NO YES NO YES 

Regional fixed effects NO YES NO YES 

N 570 570 513 513 

R
2
 0.309 0.414 0.413 0.529 



 

 

F 41.224 14.993 57.739 21.091 

Note: Standard errors in parentheses, *, **, *** indicate significant at the 10%, 5%, 470 

and 1% levels, respectively 471 

(v) Further discussion 472 

1. Split time to examine 473 

In 2010, the first annual meeting of Low Carbon China Forum was held in 474 

Beijing, with the purpose of "developing low carbon economy and sharing low carbon 475 

China", and focused on promoting the construction of low carbon cities, low carbon 476 

industry development and exchange and cooperation at home and abroad, and 477 

published the "2011-2020 China Low Carbon Economy Development Plan", and 478 

advocated the establishment of May 20 as the global "Low Carbon Day". It also 479 

advocated the establishment of May 20 as the global "Low Carbon Day". In addition, 480 

the China Low Carbon Economy Forum, Boao Forum for Asia and the International 481 

Forum on Low Carbon Development were also held in the same year to discuss how 482 

to build low carbon cities and advocate low carbon living. Therefore, Zhang (2010) 483 

regarded 2010 as the first year of low carbon economy in China. 484 

Therefore, this paper takes 2010 as the time cut-off point and analyzes the impact 485 

of green finance development on China's low-carbon economic transition according to 486 

different time periods, and the estimated results are shown in Table 6. It can be seen 487 

that before 2010, the impact of green finance on low-carbon economic transformation 488 

is significantly positive, but the regression coefficient is only 0.178, while after 10 489 

years, the impact of green finance on low-carbon economic transformation is 490 

significantly higher, reaching 0.874. The possible explanation is that after the first 491 

year of low-carbon transformation, due to the high attention of local governments, 492 

human and financial resources are invested in the low-carbon economic 493 

transformation in China The green economy transition process in China has been 494 

accelerated due to the high priority of local governments, which also includes a large 495 

amount of financial resources. 496 

Table 6 Examination by time period 

Variable 
(1) (2) 

2001-2010 2011-2019 

GREEN 0.178** 0.874*** 

 
(2.10) (4.58) 

FDJ 0.058*** 0.038*** 

 
(10.93) (7.97) 

UI -0.003*** -0.016*** 

 
(-5.42) (-4.06) 



 

 

IN 0.355*** 0.591*** 

 
(3.90) (6.30) 

RGDP (0.00) -0.040** 

 
(-0.16) (-2.06) 

_cons -0.479** 0.13 

 
(-2.28) (0.86) 

Time fixed effects YES YES 

Regional fixed effects YES YES 

N 300 270 

R
2
 0.586 0.584 

F 24.889 23.776 

Note: Standard errors in parentheses, *, **, *** indicate significant at the 10%, 5%, 497 

and 1% levels, respectively 498 

2. Regional heterogeneity examination 499 

According to the traditional regional division, China's provinces are divided into 500 

the eastern region, central region, western region and northeast region. Since the 501 

northeast region of China is a traditional old industrial base, the pressure and 502 

motivation for low-carbon economic transformation is greater, so it is especially 503 

necessary to study the low-carbon economic transformation in the northeast region. 504 

The regression results of green finance and low-carbon economic transformation by 505 

region are shown in Table 7. From the regression results, it can be seen that there is 506 

regional heterogeneity in the impact of green finance on low-carbon economic 507 

transformation. Specifically, the impact of green finance development on low-carbon 508 

economic transformation is more significant in the eastern, central and northeastern 509 

regions of China, while it is not significant in the western region, probably because of 510 

the lower degree of green finance development in the western region, which plays a 511 

weaker role in low-carbon economic transformation. From the numerical point of 512 

view, the impact of green finance development on low-carbon economic 513 

transformation is most significant in the northeast region, so we believe that we 514 

should vigorously develop green finance in the northeast region to promote 515 

low-carbon economic transformation in the northeast region. 516 

Table 7 Regression results of regional heterogeneity 

Variable 
(1) (2) (3) (4) 

Eastern Region Central Region Western Region Northeast Region 

GREEN 
0.484*** 0.641** 0.20 2.149** 

(5.12) (2.00) (1.25) (2.58) 

FDI 
0.078*** 0.008** 0.028*** 0.082*** 

(11.03) (2.18) (8.57) (4.70) 



 

 

UI 
-0.003*** -0.005** -0.006*** -0.019** 

(-4.73) (-2.21) (-5.73) (-2.72) 

IN 
0.609*** 0.202*** (0.00) -0.386** 

(6.76) (3.49) (-0.01) (-2.40) 

RGDP 
-0.180*** 0.180*** 0.01 0.04 

(-7.48) (4.84) (0.48) (0.50) 

_cons 
1.221*** -1.417*** (0.00) (0.60) 

(5.72) (-4.52) (-0.02) (-0.83) 

Time fixed effects YES YES YES YES 

Regional fixed effects YES YES YES YES 

N 190 114 209 57 

R
2
 0.704 0.471 0.421 0.788 

F 16.535 3.396 5.473 5.136 

Note: Standard errors in parentheses, *, **, *** indicate significant at the 10%, 5%, 517 

and 1% levels, respectively 518 

(vi) spatial relationship test 519 

It has been analyzed that the common problem of estimating the spatial panel 520 

model using the traditional OLS method is manifested by the bias of the estimated 521 

coefficients, while the MLE method is more effective in estimating the spatial panel 522 

model. The results of the spatial autocorrelation test between green financial 523 

development and low carbon economic transformation in 30 provinces across China 524 

are shown in Table 8. This paper uses the global Moran' I to test the data for spatial 525 

autocorrelation, and gives the Moran' I indices and statistical results of the 526 

standardized geospatial weight matrix. As can be seen from the table: overall, the 527 

statistical values of each year remain around 0.2 and the p-values are significant at the 528 

1% level, indicating a strong spatial dependence among the 30 provinces. In terms of 529 

time series characteristics, from 2001-2011, Moran' I index shows a steady increase, 530 

indicating a certain spatial dependence of economic growth among the provinces. 531 

From 2011-2019, the Moran' I index shows a slight decreasing trend, and the 532 

dependence of economic growth among provinces gradually decreases, which may be 533 

related to the overall economic environment of China from a comprehensive analysis. 534 

In terms of numerical characteristics, the Moran' I index was 0.014 in 2001 at the 535 

beginning of the observation period, and it has been increasing in the following years, 536 

reaching a maximum value of 0.205 in 2011, and then decreasing until 0.196 in 2019. 537 

economic transition in China is spatially relevant. 538 

Table 8 Moran Index of Low Carbon Economic Transition, 2001-2019 

Annual I P-value Annual I P-value 



 

 

2001 0.014 0.000 2011 0.205 0.001 

2002 0.133 0.000 2012 0.200 0.001 

2003 0.155 0.000 2013 0.198 0.001 

2004 0.163 0.000 2014 0.201 0.001 

2005 0.172 0.006 2015 0.181 0.002 

2006 0.167 0.006 2016 0.155 0.005 

2007 0.162 0.006 2017 0.128 0.001 

2008 0.176 0.003 2018 0.191 0.001 

2009 0.183 0.003 2019 0.196 0.001 

2010 0.197 0.002 
   

By calculating Moran' I, it is found that there is a positive correlation and 539 

regional variability between low carbon economic transition and green financial 540 

development in space, and the spatial Durbin model is selected by LM test and 541 

Hausman test, and then the significance test by combining the time-space fixed effects, 542 

and according to the results of the statistics of Wald and LR test, the final selection of 543 

the time-fixed effect. The regression results are shown in Table 9 below. As can be 544 

seen from the table, the spatial spillover coefficient of the model rho is significantly 545 

positive and significant at the 1% level, indicating that overall green financial 546 

development shows positive spillover effects. 547 

Table 9 Regression results of the spatial spillover effect of green finance on regional low-carbon 

transition and upgrading 

Variable Main Direct effect Indirect effects Total effect 

GREEN 
4.646*** 4.524*** 13.526*** 18.05*** 

(4.36) (5.10) (4.47) (5.86) 

FDI 
1.5506*** 1.584*** 1.574** 3.158*** 

(8.49) (9.91) (2.45) (4.45) 

UI 
0.077*** 0.077*** -0.258 0.052*** 

(8.37) (9.49) （-0.137） (3.34) 

IN 
2.401 0.791 2.955 3.747 

（-1.02） （-0.69） （-0.97） （-1.01） 

RGDP 
12.529*** 11.866*** 1.399** 2.128 

(2.61) (4.42) （-0.029） (0.36) 

rho 
0.210*** 

   
（8.102） 

   

sigma2_e 
43.388*** 

   
（16.29） 

   
N 570 

   
R

2
 0.3505 0.3505 0.3505 0.3505 



 

 

Number of 

province 
30 30 30 30 

V. Research conclusions and recommendations 548 

This paper constructs the influence mechanism of the relationship between green 549 

finance and low-carbon economy based on three perspectives: green finance, 550 

low-carbon economy and low-carbon technology innovation, and conducts an 551 

empirical study using data from 30 provinces in China from 2001-2019 to test the 552 

effect of green finance on the development of low-carbon economy, and further 553 

studies the intermediary role played by low-carbon technology innovation between 554 

the two, concluding that (1) from China Overall, green finance can significantly 555 

contribute to the development of low-carbon economy. However, when China is 556 

divided into four regions, the impact of green finance development on low-carbon 557 

economic transformation is more significant in the eastern, central and northeastern 558 

regions of China, with the best impact effect in the northeastern region, followed by 559 

the central region and finally the eastern region. And it is not significant in the 560 

western region. (2) By testing the mediating effect of low-carbon technology, it is 561 

found that after adding low-carbon technology to the model, green finance still has a 562 

significant contribution to the low-carbon economic transformation, but this 563 

contribution decreases with the intervention of low-carbon technology. The results 564 

also show that green finance can significantly promote the innovation of low-carbon 565 

technology, while the innovation of low-carbon technology can further promote the 566 

transition to a low-carbon economy. This suggests that low carbon technology 567 

innovation plays a partial mediating effect. (3) The robustness of the benchmark 568 

regression is verified by testing the endogeneity problem through the instrumental 569 

variables method, the results of the traditional ML index measurement as a proxy 570 

variable for low-carbon economic transformation, and the exclusion of first-tier 571 

provinces, further indicating that green finance has a significant promoting effect on 572 

the transformation of low-carbon economy, and this promoting effect has some 573 

stability. (4) The test of spatial relationship finds that there is a strong spatial 574 

dependence between green finance development and low-carbon economic 575 

transformation in 30 Chinese provinces. However, the dependence among provinces 576 

tends to weaken after 2011. Further, the Durbin model test reveals that the green 577 

financial development in China as a whole shows a positive spillover effect on the 578 

low-carbon economic transformation. 579 

Accordingly, several suggestions are put forward: (1) strengthen the development 580 

of green finance and give full play to its positive role in the process of low-carbon 581 

economic transformation. According to the results of the above study, green finance 582 



 

 

can promote the development of low-carbon economic transformation, but this 583 

promotion effect is not very strong. Therefore, China needs to develop green finance 584 

in depth to promote the transformation of low-carbon economy, which is the main 585 

way of China's current and future economic development. Specifically, firstly, a 586 

special institution should be established for green finance to change the current 587 

superficial development of green finance and make it develop continuously and 588 

deeply; secondly, the construction of green finance talents should be strengthened, and 589 

financial institutions should attract relevant talents and establish scientific and 590 

systematic training institutions; thirdly, traditional concepts should be changed, and 591 

enterprises should be actively guided to establish green and low-carbon development 592 

methods, and consumers should be guided to establish low-carbon consumption 593 

concept, so that low carbon enters every aspect of society. (2) Differentiated 594 

development according to local conditions and regional characteristics. By dividing 595 

China into four regions for research, it is found that there are obvious differences in 596 

the degree of influence of green finance on low-carbon economic transformation in 597 

different regions. The main reason is that each region has a different level of financial 598 

development and a different industrial structure due to the previous development 599 

approach of "emphasizing the economy over the environment", which makes the 600 

impact of green finance on the low-carbon economic transformation different. 601 

Therefore, each region should set up different development priorities by taking into 602 

account the unique linkage between green finance and low-carbon economy 603 

development in the region, so as to achieve efficient development nationwide. On the 604 

one hand, the Chinese government should formulate policies and development 605 

approaches that are appropriate for each region and should be tailored to local 606 

conditions rather than generalized. On the other hand, it should steadily promote the 607 

development of the national carbon trading market, encourage green financial 608 

innovation, and expand carbon financial trading products. (3) Promote the research 609 

and development of low-carbon technologies. According to the study of intermediary 610 

effect above, green finance can curb carbon emissions by promoting the R&D and 611 

innovation of low-carbon technologies, and thus promote the transition to a 612 

low-carbon economy. Therefore, on the one hand, the government can establish green 613 

technology profiles of enterprises, identify the extent of their green technology R&D 614 

and application, and help small and medium-sized enterprises with technology R&D 615 

to go public for financing, while financing and loans for those enterprises with high 616 

consumption, high pollution and high emissions should be restricted to a certain 617 

extent. On the other hand, corresponding incentive policies can be established to 618 

encourage enterprises to carry out technological innovation. Through preferential 619 

interest rate policies, loan facilities and other forms of technology research and 620 



 

 

development enterprises to technology pointed out, to stimulate the enterprise's low 621 

carbon technology innovation and application. 622 
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