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The Chinese government has proposed shifting the regulation of energy consumption and intensity towards a dual control system of total carbon emissions and carbon emission intensity gradually, aiming to promote the continued role of green finance in optimizing resource allocation. To reveal the impact and mechanism of green finance on urban carbon emissions and intensity in China, this paper constructs a general equilibrium model based on endogenous growth theory and employs a two-way fixed effects model for empirical testing. The study finds that: (1) The development of green finance significantly inhibits both the total carbon emissions and carbon emission intensity of Chinese cities. (2) The impact of green finance on urban carbon emissions and intensity exhibits significant regional heterogeneity. In the northeastern regions of China, southeastern regions of the Hu Line, non-resource-based cities, and areas with higher financial efficiency, green finance can significantly reduce both urban carbon emissions and carbon emission intensity. However, in central and western regions and resource-based cities, green finance only suppresses urban carbon emission intensity. (3) Green finance can reduce urban carbon emissions and intensity through two channels: economic scale expansion and technological advancement, while the channel of industrial structure optimization has not yet shown a significant effect. Through research, it can be found that balancing the differences in green finance and carbon emission functions across regions, while fully optimizing the use and allocation mechanisms of resource elements from aspects such as technological innovation, environmental protection, and energy conservation, can enhance the quality and efficiency of economic development. This is of significant importance for green finance in promoting the realization of dual carbon control.
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1 INTRODUCTION


Climate change is a common challenge faced by all of humanity. The continuous increase in greenhouse gas emissions has negative impacts on agricultural production, socio-economic activities, and human life, hindering the process of global sustainable development (Wang J. et al., 2022). To address the pressing issue of climate change, an array of nations collaboratively signed the “Kyoto Protocol” in 1972, representing one of the seminal international efforts aimed at curtailing greenhouse gas emissions. Since this landmark accord, a number of countries have systematically enacted policies to mitigate greenhouse gas emissions. For instance, Sweden and Canada have introduced carbon taxes to elevate the costs associated with fossil fuel consumption, thereby incentivizing reductions in usage. Meanwhile, the United States has fostered growth in the renewable energy sector, particularly solar and wind energy, through mechanisms such as investment tax credits and production tax credits. These strategic measures underscore the multifaceted approach required at both national and international levels to tackle environmental challenges. As the world’s largest carbon-emitting country, China not only bears the responsibility of reducing carbon emissions but is also constantly exploring new pathways for green development. In October 2021, China committed to reaching peak carbon emissions by 2030 and achieving carbon neutrality by 2060. To better achieve the “carbon peak and carbon neutrality” goals, the Chinese government issued the “Opinions on Gradually Shifting from Dual Control of Energy Consumption to Dual Control of Carbon Emissions” in July 2023. This policy proposed a strategic direction focused on carbon reduction, shifting the regulation of total energy consumption and intensity towards a system of dual control over total carbon emissions and carbon emission intensity, referred to as the dual control system for carbon emissions
1
. It is foreseeable that under the guidance of this system, China’s green economy will develop and transform, further enhancing the importance of market-based emission reduction policy tools such as green finance and carbon finance. The reason for this is that green finance can influence the new market equilibrium in two ways: first, by creating new drivers of development that direct capital into the green, low-carbon, and circular economy sectors; and second, by overcoming environmental and climate risks, gradually diverting capital away from traditional high-energy-consuming and high-emission sectors.

Given the important role of green finance, the Chinese government has, in recent years, been committed to continuously improving the institutional framework for green, low-carbon development and green finance, forming financial policy arrangements that match the dual control of carbon emission intensity and total volume. So, at the urban spatial scale, can green finance effectively curb both carbon emissions and intensity? What is its mechanism of action? Furthermore, given the significant differences in resource endowments, environmental capacity, industrial base, and innovation capabilities between different regions of China, will the impact of green finance on urban carbon emissions and intensity exhibit regional heterogeneity? To answer these questions, this paper constructs a comprehensive theoretical analysis framework to explore the mechanisms by which green finance affects urban carbon emissions and intensity, using relevant data from 260 Chinese cities from 2010 to 2022 and employing two-way fixed effects model. to test the effects of green finance on urban carbon emissions and intensity.

Over the past 20 years, extensive research has been conducted on the drivers of carbon emissions, focusing primarily on micro-level factors such as technological progress (Okushima and Tamura, 2010; Chen et al., 2020), energy efficiency (Zhang et al., 2018), carbon taxes (Mardones and Flores, 2018; Barrage, 2020). Additionally, macro-level and policy factors such as economic growth (Wu et al., 2019), urbanization (Sun and Zeng, 2023; Zhou et al., 2021), and carbon emission trading policies (Xuan et al., 2020; Zhang et al., 2020; Dong et al., 2022) have been widely studied. In recent years, the impact of finance, particularly green finance, on carbon emissions has become a hot topic in academic research.

Early studies mainly focused on the relationship between financial development and environmental pollution or energy consumption. Some scholars argue that financial development exacerbates environmental pollution by relaxing borrowing constraints for households and enterprises, leading to increased consumption, investment, and thus energy consumption and pollution emissions—a phenomenon known as the scale effect (Sadorsky, 2010; Abbasi and Riaz, 2016). On the other hand, some scholars believe that financial development can promote environmental improvement. One explanation is that financial development can provide funding for clean and environmentally friendly production technologies, thus achieving pollution control through the technology effect. Another explanation is that financial institutions can guide market development by responding negatively to polluting enterprises and by publicly supporting environmentally friendly practices (Tamazian et al., 2009; Bekhet et al., 2017).

With the development of environmental concepts and the emergence of green finance, scholars have begun to explore the relationship between green finance and carbon reduction. Some argue that the core of green finance development is to establish an incentive mechanism that reallocates external funds based on corporate pollution levels, thereby internalizing the negative externalities of environmental pollution (Xing et al., 2021). Green finance can restrict the expansion of polluting enterprises through punitive high-interest rates (Fan et al., 2021). Moreover, green finance can help enterprises overcome financial barriers associated with investing in environmental protection and procuring new energy raw materials (Lan et al., 2023), driving capital from high-pollution industries to low-pollution industries by restricting financing for high-pollution enterprises and supporting environmentally friendly ones, thereby achieving industrial carbon reduction. However, some scholars believe that the impact of green finance on carbon emissions is insignificant. For instance, Yu et al. (2021), using a sample of Chinese listed companies from 2001–2017, explored the impact of financing constraints and green finance policies on green innovation. Their findings suggest that green finance policies do not effectively alleviate financing constraints to benefit private enterprises, thereby limiting their green innovation capacity and failing to promote carbon reduction. Building on this, Zhang et al. (2021) used data from 30 Chinese provinces from 2007–2016 and employed a difference-in-differences model to examine the impact of green credit policies on carbon emissions. They found that the carbon reduction effects of green credit policies were not significant in non-resource-based cities.

The impact of heterogeneous green financial instruments on carbon emissions is a major focus of current research, with studies concentrating on two main aspects: green credit and green bonds. In terms of green credit, unlike command-and-control regulatory approaches, green credit relies on market mechanisms to address environmental issues (Lv et al., 2023). It achieves targeted effects through its capital allocation function, guiding societal funds towards environmentally friendly enterprises, increasing financing constraints for high-pollution companies, and thereby raising the proportion of green capital in the market, which reduces pollution from social production (Wen et al., 2021). The carbon reduction effects of green credit are primarily channeled through promoting green technology innovation (Tan et al., 2022) and industrial structure transformation (Xu et al., 2018).

Regarding green bonds, as a new financing tool, one of their main objectives is sustainable climate change management. In addition to their general financing attributes (Flammer, 2021), green bonds have a potential advantage over traditional bonds because they are backed by environmental assets like forests or wetlands, rather than just capital assets. This attracts more environmentally conscious investors (Zhang et al., 2022). In practice, green bonds promote carbon reduction either directly through environmental investment mechanisms and social attention mechanisms, or indirectly by fostering corporate green innovation (Wang T. et al., 2022; Lian et al., 2024).

In summary, while existing literature has extensively discussed the carbon reduction effects of green finance, the focus has largely been on specific types of green financial tools, and the research samples have mainly been at the provincial and corporate levels. There is a lack of direct exploration of the carbon reduction effects of green finance at the city level. To address these research gaps, this paper constructs a general equilibrium model based on endogenous growth theory and uses a two-way fixed effects model to verify the impact of green finance on urban carbon emissions and intensity. Furthermore, it explores the heterogeneity of these effects and possible mechanisms, employs various methods to test the robustness of the results, eliminates endogenous interference, and provides more robust empirical evidence for the proposed theoretical hypotheses, confirming the impact of China’s green finance development on urban carbon emissions and intensity, and clarifying the pathways through which these effects are realized.

The possible marginal contributions of this paper are threefold. First, it defines a unified theoretical analysis framework by constructing a general equilibrium model that encompasses four sectors: environment, households, production, and green finance. This model theoretically elucidates the effects and mechanisms of green finance on urban carbon emissions and intensity. Second, at the urban spatial scale, the paper empirically validates the impact of green finance on the carbon emissions and intensity of Chinese cities, as well as their regional heterogeneity, using a two-way fixed effects model, thereby filling a research gap at the urban level. Third, based on the “scale-structure-technology” theoretical analysis framework, the paper reveals how green finance influences urban carbon emissions and intensity through its effects on economic scale, industrial structure, and technological progress.

The remainder of the paper is organized as follows: Section 2 reviews the relevant literature; Section 3 establishes the theoretical analysis framework and proposes the research hypotheses; Section 4 introduces the research models and variable selection; Section 5 presents the empirical analysis; and Section 6 provides the conclusions and implications.




2 THEORETICAL MODEL AND RESEARCH HYPOTHESES


Direct Impact of Green Finance on Urban Carbon Emissions and Intensity.

To explore the impact of green finance on urban carbon emissions and intensity, this study integrates a multi-sector general equilibrium model with endogenous growth theory, inspired by the approaches of Bovenberg and Lans (1995), and Qi (2023). This integration introduces a green finance sector and technological progress in polluting enterprises to construct a new theoretical analysis model.



2.1 Environment


The fundamental goal of developing green finance is to manage urban environmental pollution. Therefore, this study incorporates an environmental sector into the general equilibrium theory model. The level of environmental quality is adapted from Bovenberg and Lans (1995) and is primarily influenced by two factors: environmental restoration capacity and environmental degradation. The expression is shown as follows in Equation 1:


[image: image]


In the above model, [image: image] represents the optimal environmental value, initially set to 0. The term [image: image] indicates the deviation from the optimal environmental value, primarily measuring the extent of environmental degradation. The parameters [image: image] and [image: image] represent the environmental restoration coefficient and the environmental pollution coefficient, respectively.

The variable [image: image] denotes pollutant emissions, which are influenced by the scale of natural resource extraction [image: image] and the level of environmental protection technology [image: image]. Specifically, a larger scale of natural resource extraction results in higher pollutant emissions, while a higher level of environmental protection technology reduces pollutant emissions. The formula to p is shown as Equation 2:


[image: image]





2.2 Household sector


Urban consumers have a preference for a high-quality environment, which is represented in the model Equation 3:


[image: image]


Let [image: image] denote the consumption level, and [image: image] the coefficient of relative risk aversion. The negative utility derived from the deviation of the environmental quality from its optimal value is characterized by the parameter [image: image].

The utility function, with respect to the deviation [image: image], exhibits increasing marginal negative utility, as indicated by the first and second-order partial derivatives of the utility function. This means that the disutility or negative impact on consumers increases as the deviation from the optimal environmental quality becomes larger.




2.3 Green finance sector


For environmental protection purposes, the green finance sector provides different amounts of funding and interest rates to urban polluting enterprises and green enterprises. Specifically, it provides funding [image: image] to urban polluting enterprises, and funding L and an interest rate [image: image] to green enterprises. Thus, the total amount of funding provided by the green finance sector to urban enterprises is given by Equation 4:


[image: image]


In addition, let [image: image] (where [image: image]) represent the proportion of the total amount of funding [image: image] allocated to urban polluting enterprises. The funding received by urban polluting enterprises is as Equation 5:


[image: image]


Assuming the green finance sector earns an interest rate [image: image] on the funds it acquires, and given that only the urban household sector is involved in savings (with urban enterprise owners being part of the household sector), the returns from urban enterprises are returned to the household sector. Capital required for production by urban enterprises is also provided by urban households. In a frictionless financial market, the difference between the revenue from the funds it provides and the interest rate paid on the funds it acquires is expressed as Equation 6:


[image: image]





2.4 Production sector


The urban production sector is categorized into two types: urban polluting enterprises [image: image] and urban green enterprises [image: image] Urban polluting enterprises are characterized by their consumption of natural resources during production, which results in substantial pollution. This pollution is directly proportional to the scale of natural resource extraction. In contrast, urban green enterprises do not engage in natural resource consumption and, consequently, do not produce pollution. This distinction is made for model simplification purposes, allowing for a clear differentiation in the environmental impact of various types of enterprises, and is expressed as following Equations 7, 8:
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Within which, urban polluting enterprises produce intermediate goods using natural resources [image: image], capital [image: image], and production technology [image: image] In contrast, urban green enterprises use production technology [image: image] and capital [image: image] to produce intermediate goods. It is noteworthy that, while some scholars (Qi, 2023) suggest that polluting enterprises do not experience technological progress, in reality, these enterprises are also required to adopt green technological innovations to comply with stringent environmental regulations and meet government production and environmental standards.

Assuming that technological progress [image: image] follows the endogenous growth theory framework proposed by Romer, where technological advancement is related to capital allocation, the expressions for technological progress are as Equations 9, 10:
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where D and [image: image] are parameters, and [image: image] represents the proportion of credit allocated to high-pollution enterprises.

After producing intermediate goods, the urban production sector assembles final products using labor inputs, considering the environmental impact [image: image]. The final production function is thus given by Equation 11:


[image: image]





2.5 Dispersed equilibrium


According to the first theorem of welfare economics, when market participants’ utilities are strictly monotonic and information is complete, the general equilibrium market allocation is Pareto optimal. This paper discusses the situation where, in the absence of government intervention, urban economic agents achieve maximum profits through optimal business strategies.

The decision-making of urban polluting enterprises aims to maximize their profit through the optimal combination of natural resources and capital inputs and the formula of it is as Equation 12:
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Urban green enterprises seek to maximize their profit through optimal capital investment and the formula of it is as Equation 13:


[image: image]


Assuming the final product price is normalized to 1, with [image: image] being the prices of the products from polluting and green enterprises, respectively, and [image: image] representing the wage of urban workers, the profit for urban final firms is as the Equation 14:
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The urban final firms’ decision is to optimize the production ratio of the two intermediate goods to achieve maximum profit. Hence, the profit-maximizing expression for urban final firms is as Equation 15:


[image: image]


where [image: image] is the price of natural resources M. Taking first-order derivatives, the optimal costs for capital and natural resources under dispersed economic conditions for both types of enterprises are are as Equations 16–18:
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As mentioned previously, the financial market is frictionless, so there are no arbitrage conditions. Consequently, the green finance sector provides funding to both types of enterprises at the same interest rate as the deposit rate, expressed as Equation 19:
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From Equations 16, 18, we can get the following Equation 20:
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Thus, the proportion of funding allocated to urban polluting enterprises from the total funding provided by the green finance sector is as Equation 21:
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2.6 Social planner’s equilibrium


First, solving the Hamiltonian equation:

According to the second theorem of welfare economics, the government can achieve Pareto optimal market allocation by adjusting the initial endowments among different sectors. The social planner’s problem is formulated as follows:
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Where [image: image]. The current value Hamiltonian function is:


[image: image]


Taking derivatives of the Hamiltonian function yields the first-order conditions for the optimal control problem:
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The transversality conditions for the optimization problem are: [image: image] and [image: image]。.

Second, steady-state and balanced growth path:

The analysis of the steady state is based on examining the growth rates of variables [image: image] demoted by [image: image] Equation 22, we get: [image: image].

From Equation 24, we obtain:


[image: image]


In the steady state, all variable growth rates [image: image] are constants, so taking the natural logarithm of both sides of the above equation and differentiating with respect to time yields [image: image] and Equation 26, we get Equation 27:
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Similarly, [image: image]


From Equation 25, we get Equation 28:
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Similarly, [image: image]


From the environmental dynamics [image: image], we get Equation 29:
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Similarly, [image: image]


From Equation 23, taking the logarithm of both sides and differentiating yields: [image: image], Thus, the relationship between the growth rate of natural resource extraction and consumption growth rate is given by:


[image: image]


Given [image: image], we obtain [image: image]; and from [image: image], we get [image: image]


By taking the logarithmic derivative of the final output production function [image: image], we derive the grow rate as follows [image: image], where n represents the growth rate of labor. Substituting Equation 30 and other equivalent relationships between variables, we get:


[image: image]


When [image: image] and [image: image] the growth rates of urban consumption, capital, and output follow a balanced growth path. The presence of the terms [image: image] in Equation 31 indicates that the promotion of environmental technological progress by green finance enhances the steady-state capital growth rate, which in turn boosts urban consumption and output levels. Under the condition that [image: image] is satisfied, the steady-state consumption growth rate along the balanced growth path is positive. Consequently, as per Equation 30, the steady-state growth rate of natural resource extraction [image: image] is negative. This result aligns with theoretical expectations: as technological progress gradually increases the productivity of urban green and polluting enterprises, the consumption of natural resources decreases, leading to a reduction in urban carbon dioxide emissions. Additionally, the increase in consumption and output levels contributes to GDP growth, thereby reducing urban carbon emission intensity.

Based on the above analysis, we can propose Theoretical Hypothesis 1:


Hypothesis 1. Green finance, under other unchanged conditions, can promote the reduction of urban carbon emissions and decrease carbon emission intensity.





3 THE MECHANISM OF GREEN FINANCE’S IMPACT ON URBAN CARBON EMISSIONS AND INTENSITY




3.1 Economic scale expansion effect


As a derivative of traditional financial activities, green finance similarly integrates social funds through its financial services, improves resource allocation efficiency, and accelerates social capital accumulation. According to the Cobb-Douglas production function, there is a functional relationship between social production and capital; an increase in capital input will lead to an expansion of production scale, thereby enhancing the scale of the economy. Moreover, by incorporating environmental sustainability into its operational principles, green finance endows its financial instruments with green attributes, thus attracting environmentally conscious investors and institutions. Green finance not only broadens the financing channels of traditional finance, thereby expanding the economic scale, but also enhances market stability through the flow of funds into environmental projects.

The expansion of the urban economic scale influences the dual control of carbon emissions from both the supply side and the demand side. On the supply side, the theory of economies of scale, as proposed by British economist Adam Smith in The Wealth of Nations in 1776, suggests that an increase in output during production leads to a decrease in unit costs. The expansion of urban economic scale results in an increase in production scale, achieving economies of scale, which helps improve production efficiency, reduce production costs, and accelerate the specialization and rationalization of production. This allows production sectors to achieve more output with less input, thereby saving energy and resources and reducing carbon emissions and intensity.

However, it should be noted that when the urban economic scale expands beyond a certain range, it may lead to diseconomies of scale. Without changes in industrial structure and pollution emission coefficients, when the input of production factors exceeds the optimal level, diminishing marginal returns may occur, leading to increased production costs, greater consumption of natural resources, higher carbon emissions, and an increase in carbon emission intensity per unit of GDP.

On the other hand, from the demand side, in the early stages of urban economic development, consumers tend to focus more on basic material needs. To meet this widespread demand, market suppliers may increase the input of non-clean production factors. If, at this stage, technological advancements and government regulations fail to effectively curb the environmental pollution caused by expanded production, the scale effect may lead to increased carbon emissions. In this scenario, total carbon emissions and GDP would grow simultaneously, with carbon emission intensity experiencing fluctuations. However, as the level and quality of urban economic development improve and consumer environmental awareness increases, consumers may prefer products that are technologically advanced, resource-efficient, and environmentally friendly. The market’s demand for green products compels manufacturers to increase the production of low-carbon and environmentally friendly products, thereby contributing to the reduction of carbon emissions and intensity. Thus, we propose the following hypotheses:


Hypothesis 2a. Green finance can reduce urban carbon emissions and intensity by expanding economic scale.


Hypothesis 2b. Green finance can increase urban carbon emissions and intensity by expanding economic scale.




3.2 Industrial structure optimization effect


It is generally believed that industrial structure encompasses both industrial upgrading and industrial rationalization (Yuan and Zhu, 2018). Therefore, this paper explores the impact of green finance on urban carbon emissions through these two aspects of industrial structure optimization. On one hand, industrial upgrading refers to the transition of the industrial structure from lower to higher levels, specifically from labor-intensive to capital- and technology-intensive industries. Green finance can facilitate this transition by imposing punitive financing measures, such as raising loan interest rates for polluting industries, thereby increasing the financing difficulties for such industries. This internalizes the negative externalities generated by pollution, forcing these industries to undergo cleaner and greener industrial upgrading. Additionally, green finance channels funds toward clean industries and provides subsidies, reducing operational difficulties and costs, increasing investment returns, and enhancing the attractiveness of clean industries, thereby signaling the market to promote green industrial transformation.

On the other hand, industrial rationalization refers to the enhancement of interrelationships between different sectors of the economy, characterized by the increasing coupling between input structures and output structures, leading to improved efficiency in the utilization of production resources. In the early stages, supported by national policies, green finance may lower the standards for financial access to support the development of clean industries. However, as risk management remains a fundamental principle of the financial sector, green financial institutions may still avoid funding high-risk clean industries. As the market achieves overall industrial greening, clean industries may no longer hold a special advantage in accessing financial institution funds, and risk assessments by these institutions may become more stringent. Consequently, whether in the early or later stages of clean industry development, the risk aversion of green financial institutions will drive clean industries to enhance the rationalization of their industrial structures to improve resource utilization efficiency, increase operational profitability, and improve financial institutions’ risk ratings.

Both industrial upgrading and rationalization lead to a reduction in total industrial carbon emissions, and through the enhancement of economic benefits, further reduce carbon emission intensity. Therefore, we propose the following hypothesis:


Hypothesis 3. Industrial structure plays a significant mediating role in the impact of green finance on urban carbon emissions and intensity.




3.3 Technological progress effect


Technological innovation is inherently uncertain and often subject to the diseconomies of compressed timelines. For enterprises, technological innovation carries significant risks and is influenced by factors such as the heterogeneity of property rights, varying degrees of enterprise maturity, and differing scales of operation. These factors increase the difficulty of innovation and, consequently, the operational costs for enterprises. Green finance, by utilizing various structural tools, leverages the informational and scale advantages of financial markets to effectively allocate funds through capital markets. This process directs financial resources towards environmentally friendly enterprises, providing financing services that alleviate the practical challenges of financing difficulties and high costs caused by the positive externalities of innovation that are hard to internalize. Furthermore, as the green finance system matures, information about green enterprises becomes more transparent and accurate, reducing the information costs associated with adverse selection and moral hazard due to information asymmetry. This improvement attracts more investors to the green industry, offering green enterprises increased financing opportunities. Technological progress, in turn, reduces energy consumption in production processes, thereby decreasing carbon dioxide emissions. Additionally, technological advancements enhance the market competitiveness of enterprises, increasing their profits and thereby reducing carbon emission intensity.

However, the technological progress induced by green finance might also result in an environmental rebound effect, potentially inhibiting carbon reduction efforts. While technological progress is a key means of improving energy efficiency, it does not always lead to reduced carbon emissions. The Jevons paradox offers a detailed explanation of the environmental rebound effect: On one hand, technological progress increases the efficiency of production resources and leads to economic scale expansion, where the resulting income increase causes households to consume more energy, substituting for labor and capital investment in production activities. On the other hand, although technological advancements enhance resource use efficiency, they also lower the unit cost of resource consumption. The principle of maximizing returns may drive social production sectors to invest more in energy-rich production resources to reduce operational costs. Ultimately, the increase in energy consumption leads to a resurgence in environmental pollution, raising carbon dioxide emissions. In this scenario, carbon dioxide emissions grow in tandem with GDP, and the changes in carbon emission intensity remain uncertain. Therefore, we propose the following hypotheses:


Hypothesis 4a. Green finance can reduce urban carbon emissions and carbon emission intensity by promoting technological progress in enterprises.


Hypothesis 4b. The technological progress induced by green finance may cause a rebound effect, leading to an increase in urban carbon emissions, with an uncertain impact on urban carbon emission intensity.

In summary, green finance has a direct impact on the dual control of urban carbon emissions, and this effect is realized through three transmission mechanisms: economic scale, industrial structure, and technological progress. The overall implementation pathway is shown in Figure 1.
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FIGURE 1 | 
The impact mechanism of green finance on urban carbon emissions and carbon intensity.







4 MODEL FRAMEWORK, INDICATOR MEASUREMENT, AND DATA SOURCES




4.1 Model framework




4.1.1 Baseline model


To investigate the impact of green finance on urban carbon emissions and carbon emission intensity, we construct the following baseline model:


[image: image]
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Where i and t correspond to cities and years, respectively, carbon emissions ([image: image]) and carbon intensity ([image: image]) represent two dimensions of urban carbon emissions. The superscripts I and Oare used to distinguish between carbon intensity and total carbon emissions. In the two formulas [image: image] is the constant term, [image: image], [image: image] are coefficients, and [image: image] is the random disturbance term. [image: image] represents the level of green finance development, [image: image] represents a series of control variables, [image: image] represents the time-fixed effects, and [image: image] represents the individual fixed effects.




4.1.2 Mediation model


To examine the mechanism through which green finance impacts urban carbon emissions and intensity, the following mediation model is constructed:


[image: image]
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Where [image: image] represents the mediator variable, i and t correspond to cities and years, respectively, [image: image] is the constant term, [image: image] and [image: image] are coefficients for the core explanatory variable and control variables, respectively. [image: image] represents the level of green finance development, [image: image] represents a series of control variables, [image: image] represents the time-fixed effects, [image: image] represents the individual fixed effects, and [image: image] represents the random disturbance term. The steps to test the mediation model are as follows: When [image: image] and [image: image] in Equations 32, 33 are both significant, the significance of [image: image] in Equation 34 is then tested. If [image: image] is significant, the final step is to test Equations 35, 36. If both [image: image] and [image: image] are significant, there is a partial mediation effect. If only [image: image]s significant, there is a complete mediation effect.





4.2 Variable selection




4.2.1 Explanatory variables


The core explanatory variable in this study is the level of green finance development. While existing literature on green finance measurement often focuses on provincial levels (Yang et al., 2022), this study chooses to measure green finance development at the city level and the specific indicators are shown in Table 1. This decision is based on the fact that cities are major energy consumers and also the primary entities responsible for implementing carbon emission control policies. To measure green finance development, this study uses data from 260 cities in China spanning from 2010 to 2022. The selection of measurement indicators is based on data availability and the actual development context of green finance in China, using the “Guiding Opinions on Building a Green Financial System” released by China in 2016 as a reference. The indicators selected for measuring green finance are green credit, green insurance, green bonds, and green funds. After normalizing the data, the entropy method is employed to calculate the level of green finance development in China. For green credit, the measurement involves summing the short-term and long-term loans of environmental clean industry listed companies in each city, using data from the “Statistical Classification of Energy-Saving and Environmental Protection Clean Industries (2021)” and excluding companies with abnormal trading. Green bonds (Chang et al., 2022) are measured by summing the total issuance of green bonds in each city from 2010 to 2022. In the context of green insurance, considering that China’s green insurance sector remains in its nascent stages and empirical data on environmental liability insurance is currently inaccessible, agricultural insurance is utilized as a proxy indicator. This study quantifies the development level of green insurance by examining the revenue scale of green insurance at the prefecture-level city. For green funds, the issuance of ESG funds from 2010 to 2022 is summed based on the registered cities of fund managers to determine the green fund development level for each city.





TABLE 1 | 
Green finance measurement indicator system.

[image: Table 1]





4.2.2 Dependent variables


Carbon emission control involves managing both urban carbon emissions (CE) and carbon intensity (CI). In this study, the dependent variables are urban carbon emissions and carbon intensity. The measurement of urban carbon emissions follows the approach by using boundary delineation criteria to classify carbon emission pathways into Scope 1, Scope 2, and Scope 3. Scope 1 refers to all direct emissions within the urban area, including greenhouse gas emissions from transportation, buildings, industrial processes, agriculture, forestry, land use changes, and waste management activities. Scope 2 includes indirect emissions related to energy consumption that occur outside the urban area, such as emissions from purchased electricity, heating, and/or cooling. Scope 3 covers other indirect emissions that are caused by activities within the urban area but occur outside the boundary of Scope 2, including emissions from the production, transportation, use, and disposal of all goods purchased from outside the urban area. Urban carbon emissions are calculated by summing the emissions from these three scopes and taking the logarithm. Urban carbon intensity is obtained by taking the ratio of urban carbon emissions to city GDP, which is then normalized and logarithmically transformed.




4.2.3 Control variables


The control variables for urban carbon emission control are selected based on the following principles: (1) consideration of mainstream theoretical factors, (2) variables commonly used in relevant research by most scholars, (3) factors determined by China’s national conditions, development characteristics, and economic realities, and (4) data availability. Based on these principles and referencing the methods of Tang and Yang (2023) and Wang and Fan (2024), the following control variables are selected:

• Foreign Direct Investment (FDI): Foreign direct investment can reduce urban carbon emissions through technology spillovers and pollution transfer, while also decreasing urban carbon intensity by providing economic benefits. This study measures FDI as the logarithm of the total amount of foreign direct investment in the city.

• Government Size (GS): The administrative hierarchy of the urban system is an important institutional arrangement for government intervention in urban development, and the extent of government intervention is closely related to government size. The government can directly impact urban carbon reduction through command-type environmental regulations, with the influence showing a “U” shape—appropriate intervention can promote reductions in urban carbon emissions and intensity, while excessive intervention can lead to increases. This study measures government size as the ratio of fiscal expenditure to GDP.

• Population Density (PD): The impact of population density on carbon reduction also exhibits a “U” shape. A moderate increase in population density can lead to scale effects that improve pollution reduction and resource utilization, thus lowering urban carbon emissions and intensity. However, excessive population density can result in reduced per capita resource availability and decreased market demand quality, potentially increasing production-side carbon emissions. The impact on carbon intensity remains uncertain. This study measures population density as the ratio of total urban population to city area.

• Employment Structure (ES): A larger employment structure index indicates a higher proportion of employment in the tertiary sector, suggesting a cleaner and more economically efficient industrial structure, which can reduce urban carbon emissions and intensity. This study measures employment structure as the ratio of employment in the tertiary sector to total employment.

• Urbanization Rate (UR): Generally, a higher urbanization rate is associated with increased urban infrastructure and industrial facilities, leading to higher urban carbon emissions. However, the impact on carbon intensity due to economic benefits is less clear. This study represents the urbanization rate as the ratio of the urban population to the total population.

• Human Capital Level (HCL): Higher levels of human capital are associated with greater innovation capabilities, which can help reduce urban carbon emissions and intensity. This study measures human capital level as the ratio of the number of students in higher education institutions to the registered population.

• Market Scale (MS): Market scale, through improved consumption behaviors and promoted technological innovation, can reduce urban carbon emissions. Additionally, the economic benefits associated with a larger market scale can contribute to lowering carbon intensity. This study measures market scale as the ratio of total retail sales of consumer goods to regional GDP.




4.2.4 Mechanism variables


Based on theoretical assumptions and relevant research by domestic and international scholars, the following mechanism variables are selected:

• Economic Scale (ES): A larger economic scale index indicates a higher level of economic development. This study represents economic scale as the logarithm of city GDP.

• Industrial Structure: This is assessed from two dimensions: industrial structure upgrading (Ais) and industrial structure rationalization (Theil). The measurement methods follow Yuan and Zhu (2018). Industrial structure upgrading is divided into the quantity (Ais1) and quality (Ais2) of upgrading. The quantity of industrial structure upgrading is represented by the structural hierarchy coefficient, reflecting the trend of industrial structure shifting from primary to secondary and tertiary sectors. The calculation method is shown in Equation 37. The quality of industrial structure upgrading is represented by the weighted value of the ratio of industries and the product of labor rates in each industry, reflecting the technological capabilities of industries. The calculation method is shown in Equation 38. Industrial structure rationalization is measured by the Theil index, reflecting the degree of coordination between industries. The calculation method is shown in Equation 39.
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Where [image: image] represents the proportion of the output of industry [image: image] in region I at time [image: image] relative to the total output of the region; [image: image] denotes the labor productivity of industry [image: image] in region i at time t; [image: image] indicates the value-added of industry mmm in region iii at time t; [image: image] refers to the number of employees in industry mmm in region i at time t; and [image: image] signifies the proportion of industry mmm employees relative to the total employment in region i at time t.

• Technological Progress: Domestic technological innovation generally arises from internal independent innovation. Therefore, this study measures technological progress from an output perspective, using the logarithm of the number of invention patent applications as an indicator of technological advancement.





4.3 Data sources and processing


Considering the availability of data for green finance measurement indicators, a sample of 260 cities from China’s prefecture-level cities was selected. Data on green finance-related indicators are sourced from Guotai An (CSMAR), CNRDS, and Wind databases. Data for dependent variables are obtained from the “China Energy Statistical Yearbook,” “China Industrial Statistical Yearbook,” and “China Urban Statistical Yearbook,” among others. Data for control variables and mechanism variables come from the “China Urban Statistical Yearbook,” Guotai An (CSMAR), and CNRDS databases. To avoid issues with extreme values and heteroscedasticity, all absolute values are logarithmically transformed to eliminate dimensional errors, and missing or outlier values are excluded. Descriptive statistics for the sample data are shown in Table 2.





TABLE 2 | 
Descriptive statistics of variables.
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5 EMPIRICAL RESULTS ANALYSIS




5.1 Baseline regression results


A Hausman test was conducted on the sample data. The p-values for the effect of green finance on urban carbon emissions and intensity were 0.0838 and 0.004, respectively. Given that the null hypothesis was rejected, a two-way fixed effects model was selected. Table 3 presents the estimated results of the impact of green finance on urban carbon emissions and intensity.





TABLE 3 | 
Baseline regression results for the impact of green finance on urban carbon emissions and intensity.
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In columns (1) and (2), the estimated coefficients of the core explanatory variable, green finance level, are statistically significant at the 1% level, with values of −0.1187 and −0.3407, respectively. This suggests that a 1% increase in the level of green finance leads to a reduction in carbon emissions and carbon intensity by 11.87% and 34.07%, respectively.

When control variables were added in columns (3) and (4), the estimated coefficients of the core explanatory variable, green finance, are statistically significant at the 1% and 10% levels, with values of −0.1316 and −0.1655, respectively. This indicates that a 1% increase in the level of green finance results in a reduction in carbon emissions and carbon intensity by 13.16% and 16.55%, respectively. However, the coefficients were affected by the inclusion of control variables. Specifically, the suppressive effect of green finance on urban carbon emissions strengthened. In contrast, the effect of green finance on urban carbon intensity weakened.

The results in Table 3 suggest that green finance has a suppressive effect on both urban carbon emissions and intensity, thereby promoting dual control of urban carbon emissions. This supports Hypothesis 1.




5.2 Endogeneity and robustness checks


First, Endogeneity Check: When exploring the contemporaneous relationship between green finance and urban carbon emissions and intensity, endogeneity and self-selection issues may arise. To address potential endogeneity and self-selection problems, this study adopts a lagged regression model, following the methods of and Chen et al. (2024). In this model, the explanatory variable (F.GFI) is the value for period t+1, while the dependent variable and control variables are from period ttt. The results presented in columns (1) to (4) of Table 4 show that the regression coefficients for green finance remain significantly negative, indicating that the research findings are robust.





TABLE 4 | 
Regression results of the lagged regression model.
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Second, Changing Estimation Methods: The estimation method was altered to a random effects model. The results are presented in columns (1) and (2) of Table 5. It is observed that even with this change in method, the regression coefficients for green finance remain significantly negative, indicating that the results are robust.





TABLE 5 | 
Regression results with changed estimation methods and added control variables.
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Third, Adding Control Variables: To more accurately assess the impact of green finance on urban carbon emissions and intensity, additional control variables were included to account for potential confounding factors. Specifically, education level (EDL) and infrastructure level (ISL) were added as new control variables to the original baseline regression. The results, shown in columns (3) and (4) of Table 5, reveal that the coefficients for green finance remain significantly negative even after adding these controls, confirming the robustness of the findings.

Third, Changing the Sample: On one hand, the baseline regression includes prefecture-level cities, municipalities directly under the central government, and sub-provincial cities. Given that the primary focus of the study is on prefecture-level cities and recognizing the significant differences in economic development, policy support, and other factors between municipalities/sub-provincial cities and prefecture-level cities, the sample was adjusted to include only prefecture-level cities. The results are presented in columns (1) and (2) of Table 6. Even after excluding municipalities and sub-provincial cities, the green finance regression results remain significant, showing that green finance continues to have a suppressive effect on carbon emissions and intensity for prefecture-level cities.





TABLE 6 | 
Regression results excluding municipalities directly under the central government, sub-provincial cities, and low-carbon pilot cities.
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On the other hand, considering the potential impact of low-carbon pilot policies on carbon emissions and intensity, low-carbon pilot cities were removed from the original sample. The regression results are shown in columns (3) and (4) of Table 6. After excluding low-carbon pilot cities, the green finance regression results remain significant, continuing to demonstrate a suppressive effect on both carbon emissions and intensity. In summary, the results of this study are robust.




5.3 Heterogeneity analysis


Considering the differences in regional economic development levels, economic development models, and resource endowments in China, as well as varying financial efficiencies, it is important to explore the heterogeneous effects of green finance on urban carbon emissions and intensity. This section examines the heterogeneity in the impact of green finance based on regional differences, resource endowment disparities, and financial efficiency.



5.3.1 Regional heterogeneity


Based on the classification standards of the National Bureau of Statistics of China, the 260 cities in the sample are divided into four regions: Eastern, Central, Western, and Northeastern. The results in Table 7 indicate the following: In the Eastern region, the development of green finance can reduce urban carbon emissions but does not significantly affect carbon intensity. In the Central and Western regions, green finance only has an impact on reducing carbon intensity and does not significantly influence carbon emissions. In the Northeastern region, the development of green finance can significantly reduce both urban carbon emissions and intensity. The possible reasons are as follows: In the Central and Western regions, there are still many high-energy-consumption and low-tech industries. Green finance primarily supports improvements in energy efficiency and the development and application of low-carbon technologies, which helps reduce carbon intensity. However, because energy consumption in these regions still has the potential to increase, the scale and effectiveness of green finance may not be sufficient to significantly reduce carbon emissions. In contrast, the Eastern region is economically developed with a higher proportion of high-tech industries and services. Green finance in these areas can guide enterprises to adopt more efficient energy utilization and environmental protection technologies, thereby reducing overall carbon emissions. However, since the carbon intensity in these regions is already relatively low, there is limited room for further reduction, resulting in a less noticeable impact of green finance on carbon intensity.





TABLE 7 | 
Regional heterogeneity analysis results.
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Additionally, this study examines whether the location-specific advantages of cities relative to the Hu Line
2
 affect the effectiveness of green finance in reducing urban carbon emissions. The Hu Line divides Chinese cities into two regions based on economic development levels and degrees of agglomeration: the southeastern side and the northwestern side. The results in Table 8 show that for cities on the southeastern side of the Hu Line, the regression coefficients for green finance are −0.1337 and −0.2089, both of which are statistically significant at the 1% level. In contrast, for cities on the northwestern side of the Hu Line, the regression coefficients for green finance are not significant.





TABLE 8 | 
Heterogeneity analysis results by the hu line.
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This suggests that green finance development in northwestern cities has not effectively promoted reductions in carbon emissions and intensity. The likely reason is that, compared to cities on the southeastern side of the Hu Line, northwestern cities are constrained by their economic resources and market environment. Their lower levels of green finance development, combined with resource-dependent production methods, place them at a disadvantage in terms of the spatial flow of factor resources and resource allocation. This limitation restricts the effectiveness of green finance in reducing carbon emissions in these northwestern cities.




5.3.2 Resource endowment heterogeneity


According to the “National Sustainable Development Plan for Resource-based Cities (2013–2020),” the 260 cities in the sample are categorized into resource-based and non-resource-based cities. The results in Table 9 show that: first, green finance development significantly reduces carbon intensity in resource-based cities but does not significantly affect their overall carbon emissions; second, for non-resource-based cities, green finance development significantly reduces both carbon emissions and intensity.





TABLE 9 | 
Resource endowment heterogeneity analysis results.
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The likely reason for these findings is that the industrial structure of resource-based cities relies heavily on resource extraction and heavy industry, which are characterized by high capital intensity and technological lock-in effects. This makes it challenging for green finance to make a substantial impact on overall carbon emissions in the short term. Additionally, while green finance can lower carbon intensity by improving technological efficiency, the high emission characteristics of these industries limit the extent of overall emission reductions.




5.3.3 Financial development heterogeneity


Financial development efficiency reflects the degree of regional financial resource allocation and competitiveness. This is measured by the loan-to-deposit ratio, with the sample of 260 cities divided into regions with high and low financial efficiency based on the annual median. Data is sourced from the annual “China Urban Statistical Yearbook.” Table 10 shows that: For cities with high financial efficiency, the development of green finance can effectively reduce both carbon emissions and intensity. For cities with low financial efficiency, green finance does not have a significant impact on carbon emissions or intensity.





TABLE 10 | 
Heterogeneity analysis of financial development.
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The possible reason is that in regions with high financial efficiency, issues related to information asymmetry are relatively fewer, allowing for better allocation of green finance resources. This enables green finance to be quickly converted into low-carbon technologies and projects, thus improving carbon production efficiency and achieving better carbon reduction effects. Conversely, in cities with low financial efficiency, the low efficiency in resource allocation limits the effectiveness of green finance activities, resulting in negligible impacts.





5.4 Mechanism analysis results


As discussed in the theoretical framework, green finance impacts carbon emissions through various mechanisms, including economic scale, industrial structure, and technological advancement. This section delves into the mechanisms by which green finance influences urban carbon reduction, using indicators for economic scale, industrial upgrading, and technological progress.

First, the mechanism test of economic scale. The regression results for the impact of green finance on urban economic scale are presented in Table 11 (3). The estimated coefficient of the core explanatory variable, green finance, is statistically significant at the 1% level, with a value of 0.1567. This suggests that a 1% increase in the level of green finance leads to a 15.67% increase in urban economic scale. Further analysis examines the effect of economic scale on urban carbon emissions and intensity. The regression results shown in Table 11 (4) and (5) indicate that economic scale significantly impacts urban carbon emissions and intensity, with coefficients of −0.0350 and −0.8988 at the 5% and 1% levels, respectively. This suggests that 1% increase in the level of urban economic scale leads to a 3.5% and 89.88% decrease in carbon emissions and carbon intensity, respectively. These results demonstrate that green finance contributes to the expansion of urban economic scale, which in turn helps reduce carbon emissions and intensity. Specifically, economic scale acts as a partial mediator in the relationship between green finance and urban carbon emissions and a complete mediator for carbon intensity. This implies that the current economic model in China has shifted from reliance on basic necessities to a focus on technology-driven products. Thus, Hypothesis 2b is rejected and Hypothesis 2a is accepted.





TABLE 11 | 
Mechanism test results for economic scale.
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Second, the mechanism test of industrial structure. The mechanism test for the impact of green finance on industrial upgrading and rationalization is shown in Table 12 (3), (4), and (5). The regression coefficient for the quality of industrial upgrading is 0.6565 and is significant at the 1% level, indicating that 1% increase in green finance lead to a 65.65% increase in the quality of industrial upgrading. However, the regressions for the quantity of industrial upgrading and industrial rationalization are not significant. This may be because the development of energy-saving, environmental protection, and clean production industries in China is relatively recent, and their growth rates still lag behind those of pollution-intensive industries. Therefore, green finance is unable to quickly shift the focus of the industrial structure in the short term. Additionally, except for a few economically developed cities in China, most cities have not adequately considered their locational advantages and industrial development goals, leading to inefficient resource allocation and limited inter-industry linkage. This has negatively affected the rationalization of the local industrial structure, reducing the impact of green finance on industrial rationalization.





TABLE 12 | 
Mechanism test results for industrial structure.
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Further testing of the impact of the quality of industrial upgrading on urban carbon emissions and intensity is shown in Table 12 (6) and (7). After including the mechanism variables, the coefficient for the effect of green finance on urban carbon emissions changes from negative to positive, indicating that the quality of industrial upgrading moderates the carbon reduction capacity of green finance. Therefore, an interaction term between green finance and the quality of industrial upgrading was introduced for further testing, as shown in Table 12 (8). The interaction term’s coefficient for carbon emissions is significantly positive, indicating that the quality of industrial upgrading negatively moderates the carbon reduction capacity of green finance. This explains the change observed in Table 12 (6).

Additionally, the regression results in Table 12 (7) show that the coefficient for industrial structure on urban carbon intensity is positive, indicating that the quality of industrial upgrading has led to an increase in carbon intensity. This may be because green finance, by improving the quality of industrial upgrading, increases the proportion of capital and technology-intensive industries in output activities. Although these high-value-added industries have lower resource consumption and pollution emissions per unit of output compared to traditional industries, their overall scale and growth rate might lead to an increase in absolute resource and energy consumption, thereby offsetting the carbon reduction effects of green finance. In summary, the original Hypothesis 3 is rejected.

The last, the mechanism test of technological progress. The regression results for the impact of green finance on technological progress are shown in Table 13 (3). The coefficient for the effect of green finance on technological progress is 0.4367 and is significant at the 10% level, indicating that 1% increase in green finance leads to a 43.67% increase in technological progress. A. Further examination of the impact of technological progress on urban carbon emissions and intensity is shown in Table 13 (4) and (5). The coefficients for the effects of technological progress on urban carbon emissions and intensity are −0.0095 and −0.0561, significant at the 5% and 1% levels, respectively. This indicates that 1% increase in the level of green finance results in a reduction in carbon emissions and carbon intensity by 0.95% and 5.61%, respectively. The regression results demonstrate that the development of green finance promotes urban carbon emissions control through the channel of technological progress. Technological progress plays a full mediating role in reducing urban carbon emissions and a partial mediating role in reducing carbon intensity. This also indicates that there is no rebound effect as previously theorized. Therefore, Hypothesis 4b is rejected, and Hypothesis 4a is accepted.





TABLE 13 | 
Mechanism test results for technological progress.

[image: Table 13]


To further validate the robustness of the mechanism test results, both Bootstrap tests (with 1,000 samples) and Sobel-Goodman tests were conducted, confirming the robustness of the mechanism test conclusions. Due to space constraints, the robustness test results are not presented.





6 RESEARCH OUTLOOK AND CONCLUSION IMPLICATIONS


The dual control of urban carbon emissions and intensity relies on a shift towards cleaner production and operational methods. Research into the effects and mechanisms of green finance on carbon reduction is crucial for achieving a low-carbon transformation of urban economic development and advancing the dual control of carbon emissions and intensity in China. This paper empirically examines the carbon reduction effects of green finance from both total amount and intensity perspectives and further analyzes the channels through which these effects operate. However, several limitations persist. First, due to constraints in data availability, certain green finance instruments are not incorporated into the green finance indicator framework. As a result, the assessment of the green finance level in cities presented in this paper may not fully capture their actual status. It is anticipated that with improved data accessibility in future research, the measurement system can be further refined. Second, owing to limitations in scope, this study does not explore the spatial effects of green finance on urban carbon emission controls. Future research should seek to address this gap in spatial analysis, thereby providing more actionable policy recommendations.

The results indicate that: (1) Green finance has a significant inhibitory effect on both urban carbon emissions and intensity, and this conclusion remains valid after introducing lagged regression models and changing control variables as part of robustness checks. (2) The effect of green finance on urban carbon reduction shows significant regional heterogeneity; it only significantly reduces carbon emissions and intensity in the Northeast region, non-resource-based cities, and areas with higher financial efficiency. In the Central and Western regions and resource-based cities, green finance only reduces carbon intensity and does not effectively reduce carbon emissions. In regions with low financial efficiency, green finance has not yet effectively contributed to carbon reduction. (3) Economic scale and technological progress are effective channels through which green finance achieves carbon reduction. Economic scale partially mediates the effect on urban carbon emissions and fully mediates the effect on carbon intensity, while technological progress fully mediates the effect on urban carbon emissions and partially mediates the effect on carbon intensity. Additionally, green finance has not achieved carbon reduction through industrial structure optimization; specifically, it only promotes the qualitative advancement of industrial structure without significantly affecting the quantity or rationalization of industrial structure. The qualitative advancement of industrial structure negatively moderates the effect of green finance on urban carbon emissions but has a partial mediating effect on carbon intensity.

The main policy implications of this study are as follows: First, green finance is an effective tool for reducing urban carbon emissions and intensity. Therefore, it is necessary to establish and improve a standard and policy support system for green finance to better utilize its resource allocation, risk management, and market pricing functions, guiding various resource elements to orderly gather in urban green and low-carbon fields. Second, considering the regional heterogeneity in the impact of green finance on urban carbon emissions and intensity, differentiated regional green finance policies should be formulated. It is essential to explore region-specific green finance development and reform paths, particularly in China’s Central and Western regions and resource-based cities, with a focus on effectively reducing total carbon emissions. This requires not only innovative green finance policy tools but also coordination with other policy tools such as green finance and fiscal policies. Thirdly, considering the mediating role of economic scale and technological progress, it is essential to fully optimize the utilization and allocation mechanisms of resources and factors from various aspects such as technological innovation, environmental protection, and energy conservation, to enhance the quality and efficiency of economic development. Specifically: To begin with, the government should increase financial support for enterprises engaged in green research projects, establishing special funds to encourage the development of green products with high technological content and added value. An innovation platform that integrates industry, academia, and research should be established to strengthen cooperation between research institutions and enterprises, promoting the transformation and commercialization of green technological achievements. Next it is important to improve environmental protection laws and regulations, intensify the supervision of pollutant emissions, and severely crack down on environmental violations. Strict environmental entry standards should be implemented to control the entry of polluting enterprises from the source. Lastly, industry energy efficiency standards should be developed, and an energy consumption quota system should be applied to high-energy-consuming industries to encourage enterprises in energy conservation and emission reduction efforts. A tiered energy pricing policy should be implemented to use economic levers to incentivize enterprises to actively reduce energy consumption. The construction of renewable energy projects should be accelerated, increasing the proportion of clean energy such as wind, solar, and biomass energy in the energy structure.
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FOOTNOTES




1
The dual control system for carbon emissions refers to the implementation of measures that constrain both the total carbon emissions and the carbon intensity. The focus is on limiting the total consumption and intensity of fossil energy.



2
The Hu Line, also known as the Heihe-Tengchong Line or the Aihui-Tengchong Line, is a population density contrast line in China proposed in 1935. It divides China into two parts: the northwest and the southeast, with roughly equal geographic areas but vastly different population densities and levels of economic activity.
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