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Abstract
Economic green transition is the change of economic development mode under environmental constraints; this process 
will generate huge demand for credit financing. Understanding the connection between credit allocation and environmental 
performance is crucial for the coordinated development of the economy and environment. Utilizing the Chinese Industrial 
Enterprises Database, I constructed a city-level green credit index and compiled panel data from 2006 to 2013 for 282 
selected cities in China. A spatial model was employed to explore the influence of green credit on the economic green transi-
tion. The findings reveal a positive relationship between green credit and economic green transition during the study period. 
Green credit not only enhances local green total factor productivity but also exerts beneficial impacts on adjacent areas 
though demonstration effects. Additionally, the reallocation of credit resources and the innovation of clean technologies are 
identified as key mechanisms through which green credit fosters a greener economy. However, the study also finds that the 
impact of green credit is moderated by factors such as a high reliance on natural resources, the underdevelopment of market 
intermediaries, and excessive governmental intervention, which can undermine its effectiveness. Furthermore, the efficacy 
of green credit exhibits regional heterogeneity; it has a significant positive impact in the eastern regions of China, while its 
influence appears to be non-significantly positive in the central and western regions. This study enriches the research on the 
macroeconomic impacts of green credit, offering practical evidence and theoretical support for the implementation of green 
credit policies by local governments in China.
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Introduction

The green economy is intimately linked with enhanced liv-
ing standards, reduced environmental risks, and diminished 
resource scarcity. However, historically, achieving a balance 
between environmental protection and economic growth 
has been challenging. As Wang et al. (2021) indicate, much 
of China is still on the upward slope of the environmental 
Kuznets curve, suggesting that pollution levels continue to 
rise with economic growth. The 14th Five-Year Plan aims 
to reduce energy consumption per unit of GDP by 13.5% 
and carbon emissions per unit of GDP by 18% by 2025, 

compared to 2020 levels. Consequently, exploring strategies 
that promote economic growth while considering environ-
mental protection is both urgent and necessary.

Recent research has investigated various factors that can 
aid the transition towards a green economy, including urban-
ization (Shao and Wang 2023; Pan et al. 2024), economic 
agglomeration (Guo and Sun 2023; Du and Zhang 2023), 
globalization (Li and Fan 2019; Hernández Soto 2024), 
environmental regulation (Li et al. 2019; Shuai and Fan 
2020), and the financing environment (Zhang et al. 2021; 
Yang et al. 2021), among others. Among these factors, the 
financing environment proves to be a crucial driver. Both 
corporate clean-tech innovation and regional green industry 
development require significant external financing. However, 
green projects typically face more considerable financing 
constraints due to high capital requirements, long invest-
ment cycles, and uncertain returns. Therefore, policy support 
and financial incentives are necessary to complement pure 
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market mechanisms. In this context, the role of green credit 
becomes increasingly significant.

Green credit, adhering to the Equator Principles, requires 
financial institutions to thoroughly assess the environmen-
tal and social impacts of their investments. In theory, green 
credit can influence technological innovation within com-
panies (Hong et al. 2021; Chen et al. 2022) and reallocate 
credit resources across enterprises (Zhou et al. 2021; Ding 
et al. 2022) by setting environmental thresholds for credit 
access and managing credit distribution through quotas. 
China began its green credit practices in 2006, and from 
2006 to 2007, the government introduced a series of poli-
cies to foster its development. Over time, green credit has 
become a significant part of China’s financial sector, with 
green loan values reaching 30.08 trillion yuan by the end 
of 2023, accounting for 12.66% of all loans by financial 
institutions.

Although green credit plays a strategic role and has expe-
rienced rapid growth, its practical effectiveness is contingent 
on various factors, including the robustness and practicality 
of the policies implemented and the ability of commercial 
banks to accurately identify green enterprises. Moreover, 
the effectiveness of green credit also depends on whether 
enterprises utilize the green loans they receive in accordance 
with established standards and regulations, ensuring that the 
funds are indeed directed towards eco-friendly projects and 
practices. This leads to the following key questions: Has 
green credit been effective in creating a mutually beneficial 
situation for the environment and the economy in China? 
Does the impact of green credit vary in Chinese regions with 
different market characteristics? Is the effect of green credit 
consistent across all geographic regions within China? What 
are the potential pathways for green credit to drive regional 
economies toward green transformation?

To address these questions, this paper utilizes the China 
Industrial Enterprises Database to create a city-level green 
credit index for the years 2006 to 2013. The SBM-DEA 
method with unexpected outputs is employed to calculate 
Green Total Factor Productivity (GTFP) as a measure of 
economic green transition. Panel data from 282 selected 
cities in China are collected, and a spatial model is used 
to investigate the relationship between green credit and 
economic green transition. Through this research, I aim to 
delve into the urban level to more comprehensively assess 
the impact of green credit, understand its underlying mecha-
nisms, and explore its heterogeneous effects. Furthermore, 
by evaluating the historical performance of green credit, I 
seek to identify and understand deviations in the implemen-
tation process of green credit policies, thereby providing a 
theoretical foundation for their formulation and adjustment. 
This has significant theoretical and practical importance for 
pursuing balanced development between environmental gov-
ernance and economic growth in the new era.

Literature review

Green credit refers to the funds provided by commercial 
banks to support the growth of green businesses, offering 
preferential lending conditions based on environmental 
protection and social responsibility (Wang et al. 2020). 
Current research on green credit focuses on three main 
areas.

Firstly, the impact of green credit on commercial 
banks themselves. Researchers agree that green credit can 
improve the quality of bank assets (Umar et al. 2021) and 
enhance core competence (Luo et al. 2021), thereby reduc-
ing credit risk, default risk, and the risk of stock price 
crashes (Umar et al. 2021; Del Gaudio et al. 2022; Mirza 
et al. 2023; Chen et al. 2023). However, the effects of 
green credit on bank profitability are less clear. Research 
by Lian et al. (2022) on Chinese banks indicates that green 
credit can lead to higher profits, as these operations typi-
cally yield a greater return on interest-earning assets. Yin 
et al. (2021a) found similar results, reporting that green 
loans enhance the financial performance of privately-
owned banks. On the other hand, Del Gaudio et al. (2022) 
identified a contrary trend in their international study, sug-
gesting that while green lending can reduce a bank’s risk 
exposure, it may also decrease profitability, leading to a 
lower Return on Average Assets (ROAA). Galán and Tan 
(2024) support this view, arguing that the revenue from 
green lending does not adequately cover the higher asso-
ciated costs, which can negatively affect banks’ financial 
performance. In summary, there is a consensus that green 
credit reduces bank risk, but its impact on profitability 
remains uncertain.

Secondly, the impact of green credit on enterprises. 
Earlier research finds that the development of green 
credit has a “financing penalty effect,” which signifi-
cantly reduces the debt financing capacity of heavily pol-
luting enterprises (Liu et al. 2019), and increases their 
debt financing costs (Xu and Li 2020). The increased 
difficulties and costs of debt financing have influenced 
firms’ green behaviors, curbing the growth of pollut-
ing businesses (Wang et al. 2020), and impacting both 
Research and Development (R&D) investment and 
technological innovation (Chen et al. 2022; Wen et al. 
2021; Tang et al. 2023). Chen et al. (2022) found that 
green credit policies encourage green innovation in 
enterprises by increasing R&D investment. Similarly, 
Yu et al. (2021) proposed that green credit could allevi-
ate financing constraints on green innovation, although 
they observed that the capacity for green innovation can 
be compromised when firms face higher financing con-
straints. For heavily polluting enterprises, the impact of 
green credit on green innovation remains debated. Zhang 
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et al. (2022c) reported improved technological innovation 
under green credit constraints, yet others argue that green 
credit policies may obstruct innovation due to increased 
debt costs and reduced R&D investment (Wen et al. 2021; 
Zhang et al. 2022d; Ma et al. 2023). Further research 
indicates that green credit contributes to emission reduc-
tions. Sun et al. (2019) found that firms relying more on 
external financing experience a more significant emis-
sion reduction benefit from green credit. The effective-
ness of green credit in lowering emissions is linked to a 
decrease in total energy intensity, advancements in green 
innovation, and more robust environmental regulation 
(Lee et al. 2022; Zhang et al. 2022a; Tang et al. 2022; 
Xu et al. 2023). Additionally, Fan et al. (2021) discovered 
that green credit regulation affects small and large firms 
differently; larger firms tended to cut their emission lev-
els by investing in pollution control facilities, whereas 
smaller firms responded by scaling back production.

Thirdly, from a macroeconomic perspective, green credit 
can reduce the credit resources available to heavy pollut-
ers (Ding et al. 2022) and direct credit resources to green 
enterprises (Zhou et  al. 2021), thus reallocating credit 
resources and optimizing the industrial structure (Hu et al. 
2020; Cheng et al. 2022; Zhang et al. 2023). In discussing 
the economic green transition, the findings are inconclu-
sive. Lei et al. (2021) suggest that green credit contributes 
to economic greening by fostering innovation efficiency and 
energy structure optimization. However, research by Liu 
et al. (2020) and Yin et al. (2021b) indicates that this impact 
is not linear but exhibits a ‘U’-shaped relationship. Their 
studies, using panel data from 30 Chinese provinces, find 
that green credit must surpass a certain threshold to have a 
positive influence on the economy’s green transformation. 
Shi and Shi (2022) support this finding, adding that the level 
of climate finance in most provinces in China is below the 
threshold value, resulting in a small and statistically insig-
nificant effect on GTFP. Other studies have considered geo-
graphical differences and found that the effect of green credit 
is not uniform across different regions. The study by Li et al. 
(2023) points out that green credit significantly boosts GTFP 
in eastern China, but its effect is minimal in other areas.

While there has been significant research on green credit, 
several areas have received less attention. First, the macro-
economic effects of green credit are underexplored. Cur-
rent research mainly focuses on the relationship between 
green credit and corporate indicators, thoroughly examining 
its effects on enterprise risk management, financial perfor-
mance, technical innovation, and emission reduction. How-
ever, there is a relative lack of research on how green credit 
contributes to the green transformation of regional econo-
mies, and there is no widespread agreement on this issue. 
Second, there is a significant gap in the use of city-level 
data when analyzing the impact of green credit on economic 

green development. Most research has relied on provincial-
level data, which may not accurately reflect the regional dif-
ferences. Some studies have attempted to assess the develop-
ment of green credit at the city level by using an interaction 
term that combines provincial green credit indices with the 
weights of urban commercial bank branches. This method 
might be more effective in identifying the marginal effects 
of green credit alongside urban financial development, rather 
than isolating the impact of green credit itself, which could 
affect the accuracy of the research conclusions. Third, dis-
cussions on the heterogeneity of green credit are limited in 
the existing literature, and there is not enough discussion on 
how the behavior of local governments, economic develop-
ment patterns, and the level of financial market develop-
ment affect the effectiveness of green credit. Fourth, most 
existing research neglects the potential spatial dependence 
of economic green transformation. Given that environmental 
issues transcend borders, incorporating spatial considera-
tions into empirical research can increase the robustness of 
the analytical results.

This paper aims to enrich the current literature in several 
ways. Firstly, it introduces an innovative research perspec-
tive. Green credit has developed rapidly since China started 
its green credit business in 2006. However, the question of 
whether green credit has effectively promoted the green 
transformation of regional economies remains unanswered. 
To address this, the study calculates the GTFP of 282 
Chinese cities using the SBM-DEA method that includes 
undesirable outputs. This method takes into account both 
economic benefits and environmental performance, thereby 
providing a more accurate reflection of the shift in eco-
nomic growth patterns under environmental constraints. By 
using city-level GTFP data, the study precisely evaluates 
the impact of green credit on the green transformation of 
regional economies, thereby adding depth to the macroeco-
nomic analysis of green credit. Secondly, it innovates in data 
selection. Unlike previous province-level analyses by Lei 
et al. (2021) and Shi and Shi (2022), this study constructs 
a city-level green credit index using the Chinese Industrial 
Enterprises Database. This approach allows for a nuanced 
examination of green credit’s economic and environmen-
tal impacts at a more granular level, offering a precise 
assessment of its effects across different cities. Thirdly, this 
research goes beyond geographic heterogeneity analyses 
found in studies like those by Yin et al. (2021b) and Li et al. 
(2023). Instead, it delves into the heterogeneous impact 
of green credit, demonstrating that green credit’s positive 
effects are more evident in regions characterized by lower 
dependence on natural resources, reduced government inter-
vention, and more developed market intermediary organiza-
tions. This suggests that green credit is more effective in cer-
tain types of market characteristics. Fourthly, the model used 
in this work differs from some previous studies. Specifically, 
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Wang et al. (2019b) and Liu et al. (2023) utilized the DSGE 
model to assess the impact of green credit, Liu et al. (2020) 
applied the OLS method in their analysis, and a number 
of studies have utilized the DID approach to evaluate the 
effects of green credit policies (Wen et al. 2021; Ma et al. 
2023). Considering the potential spatial spillover effects of 
economic green development and its determinants, a spatial 
model is chosen for this work. The findings show that there 
is a significant correlation between green economic transi-
tions in different regions, green credit not only enhances 
local GTFP but also exerts beneficial impacts on adjacent 
areas. By employing spatial econometrics, this study pro-
vides a more comprehensive analysis of regional economic 
integration and the dynamics of green growth.

The remainder of this paper is organized as follows: 
“Theoretical analysis” presents theoretical analysis and 
research hypotheses. “Model building and variable descrip-
tion” describes the econometric model construction and 
data. “Empirical results and analysis” discusses the find-
ings, and “Research conclusions and policy implications” 
concludes with a summary and policy implications.

Theoretical analysis

Green credit drives the economic green transition through 
three main channels. The first channel is credit resource 
allocation. Under the traditional credit allocation model, 
the basic principles of bank lending are to ensure the safety, 
liquidity, and profitability of the loan. For this reason, com-
mercial banks tend to provide loans to large enterprises and 
industries with higher profitability. Green projects, which 
rely heavily on technological innovation, often face greater 
financing constraints due to a lack of collateral, uncertain 
expected returns, and imperfect information disclosure. 
Chang et al. (2016) found that, influenced by bank collateral 
policies and information asymmetry, financial resources in 
China are heavily concentrated in highly polluting enter-
prises. Heavily polluting industries, such as thermal power, 
petroleum, and steel, account for 60 to 80% of total indus-
trial emissions and are the most important sources of pol-
lution (Wen and Liu 2019). Credit capital continues to be 
tilted toward polluting industries, crowding out the finan-
cial resources needed for green development. Green credit 
is intrinsically an allocation of credit that prioritizes envi-
ronmental considerations. This strategy helps to reduce com-
mercial banks’ preference for heavy-polluting industries and 
large state-owned enterprises and directs credit resources 
to flow into the clean sector as a priority. As a result, green 
projects that are difficult to obtain financial support under 
the traditional financial framework will have a higher prob-
ability of receiving external funds in a timely manner. Mean-
while, heavy-polluting industries will face fewer financing 

opportunities and higher investment costs, some enterprises 
with low productivity may choose to cut production or sim-
ply exit the market. This reallocation of credit resources can 
relieve the over-concentration of financial resources and 
enhance the financing capacity of eco-friendly companies. 
Thus, the originally suppressed demand for green invest-
ment is released and transformed into new green productiv-
ity, which helps to promote the economic green transition.

The second channel is clean technology innovation. Local 
governments have traditionally been under pressure to maintain 
economic growth. For a long time, highly polluting enterprises 
tended to ‘capture’ local governments by contributing economic 
outputs such as taxes and employment. Consequently, the envi-
ronmental toll caused by their production process is likely to 
be tacitly accepted by local governments. However, polluting 
enterprises damage the local environment, and environmental 
regulations are necessary. The balance of economic develop-
ment and environment protection leads to emission reduction 
efforts being tightened 1 year and loosened the next. As a result, 
the green economic growth rates within cities are fluctuating (Li 
and Xu 2018). Green credit can internalize the negative exter-
nalities associated with excessive emissions, thereby inducing 
enterprises to invest in technological innovation and voluntar-
ily shift to cleaner production. Specifically, the “Equator Prin-
ciples” of green credit policy require financial institutions to 
prudently assess the environmental performance and social 
impact of investment projects and to cut, suspend, or withdraw 
loans from businesses that fail to meet environmental standards. 
The financing penalty effect reduces the willingness of pollut-
ing enterprises to ‘capture’ the government; these enterprises 
are more inclined to mitigate environmental risks through other 
means, such as technological innovation. Technological innova-
tion can enhance business performance by improving product 
quality and creating higher added value. Some clean technology 
innovations can achieve the substitution of traditional energy 
sources, thus reducing energy intensity and improving ecologi-
cal performance. Besides, green credit enhances the accessibility 
and ease of obtaining financial support for clean businesses. By 
obtaining additional funds for clean technology development 
and production process improvement, enterprises can improve 
business performance, reduce environmental pollution, and con-
tribute to the economic green transition.

The third channel is the regional demonstration effect. 
Bai and Nie (2018) argue that there is a competitive mecha-
nism of economic development among regions; regions with 
faster changes in economic development mode tend to have 
a demonstration effect on neighboring areas. Supported by 
green financing, local enterprises alleviate the financing 
constraints faced by green projects, increase the incentive 
to innovate, and accelerate the economic green transition. 
If neighboring governments do not take action to acceler-
ate the green transition of their economy, regional develop-
ment disparities are likely to increase further. Due to factors 
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such as officials’ performance assessment, local investment 
promotion, and enterprises’ market competitiveness, neigh-
boring regions will increase the share of green credit and 
decrease funding for polluting projects; this helps to form a 
synergistic development model among regions and amplifies 
the impact of green credit. Additionally, geographical con-
venience between cities allows workers to communicate with 
each other formally and informally, so advanced technology 
can flow freely in a larger region. Neighboring companies 
can keep abreast of the latest technologies, enhance learning 
and imitation, which in turn will improve enterprise produc-
tivity and reduce pollutant emissions. In summary, I propose 
the following hypotheses:

Hypothesis 1: Green credit supports the shift towards a 
green economy.
Hypothesis 2: Green credit drives the economic green 
transition through credit resource allocation, clean tech-
nology innovation, and the regional demonstration effect.

Model building and variable description

Model building

To fully understand how green credit affects the green trans-
formation of the economy, I proceed to select a model that 
links the two variables and discuss the specific impact paths 
empirically. There are objective economic, technological, 
and environmental links among cities, and the green transi-
tion in one region is likely to drive sustainable development 
in neighboring areas. In view of this, the spatial model is 
considered for empirical tests, the typical structure of a spa-
tial panel model is:

where Y is the dependent variable; X is a series of inde-
pendent variables; � and � are the spatial auto-regressive 
and spatial auto-correlation coefficients, respectively; ui, vt 
and �it denote the regional effect, time effect, and residuals, 
respectively. Wij is the spatial weight matrix, taken as e−adij if 
i ≠ j , otherwise 0. dij is the geographic distance between spa-
tial unit i and spatial unit j. � is the coefficient, measured as 
the inverse of the shortest distance between cities. If � = 0 , 
Eq. (1) is simplified to spatial Durbin model (SDM); if � = 0 
and � = 0 , it is simplified to spatial lag model (SAR); if � = 0 
and � = 0 , it is simplified to spatial error model (SEM).
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Variable descriptions

Explained variable

Green total factor productivity (GTFP) is used to meas-
ure the level of economic green transition. Chung et al. 
(1997) argued that “bad” outputs should be consid-
ered when measuring productivity, and estimated the 
Malmquist-Luenberger (ML) productivity index based 
on the data envelopment analysis (DEA) method under 
environmental constraints. However, traditional DEA 
models are constructed from radial and angular consid-
erations, which tend to overestimate the efficiency of 
decision units, and the ML index may face an infeasi-
bility problem for cross-period analyses. To solve these 
problems, Tone (2001) proposed an SBM-DEA model 
that avoids bias due to subjective selection of radials and 
angles; Oh (2010) constructed the Global Malmquist-
Luenberger (GML) index, which is circular and free from 
the infeasibility problem.

The SBM-GML index with undesirable outputs is con-
structed as follows. Supposing there are k decision-making 
units (DMU), each consumes n inputs, denoted as xn ; pro-
duces m desirable outputs, denoted as ym, and i undesirable 
outputs, denoted as bi . The global production possibility set 
can be described as:

where z denotes the weight of each cross-sectional observa-
tion and t denotes time period. For each DMU, the SBM 
directional distance function at time t can be expressed as:
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In this work, considering each city as a decision-making unit, 
three factors are assumed to be inputs in production, includ-
ing labor, capital, and energy, to produce both expected and 
unexpected outputs. Following existing literature, labor input is 
expressed as the number of employed people in each city; capital 
input is estimated using the perpetual inventory method, with 
a base period of 2006 and a depreciation rate of 9.6%; energy 
consumption is measured following Jiang et al. (2022), using 
the simulation of satellite nightlight data. For output indicators, 
the desirable output is the constant-price GDP of the cities using 
2006 as the base period; the undesirable outputs comprise  SO2 
and  CO2 emissions of each city. The GML index from 2006 to 
2013 of 282 cities in China can be computed by solving Eq. (3). 
Following Chen and Wang (2022), I use the year 2006 as the 
base period and assume a GML index of 1 for each city, the 
GTFP of each year from 2007 to 2013 is derived by multiplying 
the GML of the current year by the previous year’s GML.

Core explanatory variable

Green credit development Green credit (GC) is a differenti-
ated lending strategy that suspends, cherishes, or withdraws 
loans from highly polluting enterprises while enhancing finan-
cial support for environmentally friendly enterprises. Since 
interest expenses can serve as an indicator of the amount of 
loans extended, the interest expense ratio of polluting indus-
tries can reflect the development of green credit to some extent. 
This work constructs a city-level green credit index based on 
the Chinese Industrial Enterprises Database. Sample com-
panies in the database are first grouped by city, and interest 
expenditures of sample enterprises in each city are summed up 
by industry. Then, the share of interest expenditure of heavy-
polluting industries in each city is calculated and used as a 
proxy for GC. This ratio is an inverse indicator, so it is con-
verted into GC = 1 − PIEit/TIEit, where TIEit stands for the total 
interest expenditure of industrial sectors in city i, and PIEit 
stands for the interest expenditure of heavy-polluting sectors 
in city i. Since  SO2 emissions are the main source of air pol-
lutants, and industrial  SO2 emission reduction is an important 
goal of pollution prevention and control in China, the top 10 
 SO2 emitting industries are identified as highly polluting sec-
tors in this work.1 In the robustness test, following Xie and Liu 

(2019), six high-energy-consuming industries are classified as 
heavy-polluting sectors, and GC are recalculated accordingly.

For various reasons, the information provided by some 
enterprises in the Chinese Industrial Enterprises Database 
is not accurate, and some information is missing. Refer-
ring to Ni and Wang (2022), the following data screening 
procedures are conducted: (1) eliminating the samples of 
enterprises with missing sales, number of employees, total 
assets, or net fixed assets; (2) eliminating the samples of 
enterprises with fewer than 8 employees; (3) eliminating 
the samples of enterprises where total assets are less than 
current assets; total assets are less than net fixed assets; or 
accumulated depreciation is less than current depreciation; 
(4) excluding the samples of enterprises with sales less than 
5 million CNY; and (5) excluding the samples of enterprises 
with an interest expense of less than 0. Since the data quality 
of 2010 is poor, the interest expense data for 2010 are made 
up using the linear interpolation method.

Mediator variables

Credit resource allocation (QCR) The location entropy 
method is used following Zhang et al. (2022b). A larger 
location entropy index indicates a higher concentration of 
regional credit resources and a more inequitable allocation 
of credit resources. As this index is an inverse indicator, I 
take the reciprocal of it: QCRi = 1∕[(Di∕Pi)∕(D∕P)] . Where 
Di is the year-end deposit balance of financial institutions 
within region i, Pi is the resident population count for the 
same region; D and P are the year-end deposit balance of 
financial institutions and the total resident population in the 
country, respectively.

Clean technology innovation (GI) Following Xie et  al. 
(2015), I use  SO2 generation intensity  (SO2 generation/
regional industrial output) as a proxy for clean technology 
innovation.  SO2 generation intensity is related to equipment 
modification or innovation, which can reflect the effective-
ness of technological improvement in the front-end produc-
tion process. Higher  SO2 generation intensity is associated 
with lower level of clean technology innovation; therefore, 
this is an inverse indicator, and the reciprocal of it is taken 
for analysis in this paper.

Control variables

A set of variables affecting the regional economy and green 
development are controlled in the study, including (1) indus-
trial structure (SH), referring to Liu and Zhang (2008), is 

measured by: SHi =
3
∑

j=1

(Yij∕Yi)LP
N
ij
 . Yij∕Yi is the ratio of output 

1 According to the China Environmental Statistics Yearbook, the  SO2 
heavy-polluting sectors in this paper are “13 agricultural and side-
line food processing, 14 food manufacturing, 17 textile industry, 22 
paper and paper products industry, 25 petroleum processing, coking 
and nuclear fuel processing industry, 26 chemical fuels and chemical 
products industry, 31 non-metallic mineral products industry, 32 fer-
rous metal smelting and rolling processing industry, 33 non-ferrous 
metal smelting and rolling processing industry, and 44 electricity and 
heat production and supply industry.”.
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of industry j in city i to the total output of the city; LPN
ij

 is the 
standardized labor productivity in the same period. In general, 
the output share is a dimensionless ratio, while labor produc-
tivity is not. To eliminate the effect of dimensionality, LPN

ij
 is 

standardized following Chenery et al. (1986). (2) Population 
density (DEN) is reflected by dividing the population of each 
city by the size of the corresponding administrative area. (3) 
Foreign direct investment (FDI) is measured by the amount of 
foreign direct investment as a percentage of GDP. (4) Environ-
mental regulation intensity (ER) is a comprehensive index 
computed by assessing the emissions of industrial wastewater, 
 SO2, and soot per unit of production output. This is an inverse 
indicator, with larger values indicating more pollutant emis-
sions and weaker environmental regulation. (5) R&D invest-
ment (RE) is reflected by the proportion of fiscal expenditure 
on science and technology to total fiscal expenditure. (6) Digi-
tal infrastructure (INT) is measured by the amount of internet 
hosts per 10,000 people.

Data sources

Since the Chinese Industrial Enterprises Database is updated 
to 2013, the sample interval of this study is 2006–2013. Bal-
anced panel data of 282 Chinese cities are collected, resulting 
in a total of 2256 observations. The data are obtained from the 
China City Statistical Yearbook, China Industrial Enterprise 
Database, and China Environmental Statistical Yearbook. 
Some missing data are supplemented by the linear interpo-
lation method. The descriptive statistics of the variables are 
shown in Table 1.

Empirical results and analysis

Model specification

Following Elhorst (2014), the Lagrange Multiplier (LM) 
test, likelihood ratio (LR) test, and Wald test are used for 
model specification. Test results are presented in Table 2. 

I begin with the LM test to assess whether there is spatial 
correlation in the data. The LM Lag and LM Error values 
are 465.268 and 442.563, respectively, surpassing the 1% 
significance level. This suggests that the spatial model out-
performs the OLS model. The Robust LM Test also rejects 
the hypothesis of no spatial dependence, further affirming 
that the spatial model is more suitable.

Next, the LR test and Wald test are adopted to see if the 
SDM is more appropriate than SEM or SAR. The LR Lag 
and LR Error values are significant at the 1% level, indicat-
ing the SDM cannot be reduced to either SEM or SAR. The 
Wald test also supports the notion that the SDM is more 
suitable. Finally, a Hausman test is performed on the SDM, 
and the result (50.51) is significant, suggesting that the SDM 
should have fixed effects. Therefore, the SDM with two-way 
fixed effects is selected for this study. For comparison, I also 
report the estimations of the SAR and SEM.

Baseline results

Table 3 shows that the coefficient of green credit is 0.0248, 
and it is significant at the 1% level, suggesting that green 
credit has a notable positive impact on the economic green 
transition. This supports the validation of Hypothesis 1. On 
the one hand, for polluting industries, green credit increases 
the cost of debt financing, compelling them to incorporate 
environmental risks into their operating costs, thereby inter-
nalizing the negative externalities of excessive emissions. At 
the same time, the heightened difficulty in obtaining debt 
financing also constrains the investment and expansion of 
these polluting enterprises, effectively limiting their growth. 
On the other hand, by offering more favorable loan terms for 
environmentally friendly projects, green credit reduces the 
cost for enterprises to adopt green technologies, thereby fos-
tering improvements in production technology and enhanc-
ing productivity. Overall, green credit aids businesses in 
factoring environmental considerations into their economic 
decisions, thus contributing to the greening of the economy.

The estimates of the control variables are basically in 
line with expectations. Industrial structure optimization 

Table 1  Descriptive statistics of variables

Variable Obs Mean STD Min Max

lnGTFP 2256 0.208 0.214  − 0.748 2.286
lnGC 2256  − 1.161 0.645  − 5.788  − 0.008
QCR 2256 2.096 1.229 0.138 7.919
lnGI 2256  − 4.680 1.185  − 8.752 4.593
lnSH 2256 2.402 0.965  − 0.976 6.484
lnDEN 2256  − 3.499 0.966  − 7.588  − 0.463
FDI 2256 0.019 0.020 0.000 0.132
lnER 2256  − 5.537 0.461  − 8.043  − 3.778
lnRE 2256 0.081 1.544  − 11.251 5.552
lnINT 2256 3.217 1.059 0.030 6.641

Table 2  Model specification tests

Test Statistic p-value

LM test LM Lag 465.268 0
LM Error 442.563 0

Robust LM test LM Lag vs OLS 26.807 0
LM Error vs OLS 4.102 0.043

LR test SDM vs SAR 42.37 0
SDM vs SEM 56.69 0

Wald test 42.65 0
Hausman test 50.51 0
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contributes to the reallocation of resources toward modern 
service industries, which are distinguished by their lower 
energy consumption and reduced emissions. This transi-
tion promotes the emergence of a more environmentally 
friendly economy. Population agglomeration helps in the 
more effective use of idle resources, leading to higher urban 
eco-efficiency. As for FDI, on the one hand, the inflow of 
foreign capital brings advanced environmental concepts and 
technological tools; on the other hand, during the sample 
period, developed countries shifted polluting industries to 
China to avoid strict environmental regulations and high 
emission costs in their own countries. Hence, the effect of 
FDI is uncertain, and the corresponding coefficient is not 
significant. Environmental regulation intensity negatively 
affects the economic green transition. A possible explanation 
is that, in the short term, environmental regulation increases 
the production costs of firms, leading to lower output, which 
in turn acts negatively on GTFP. R&D investment primar-
ily drives the economy’s green transformation by advancing 
technology. The coefficient of digital infrastructure develop-
ment is negative, probably because digitization consumes 
a large amount of energy, and therefore negatively affects 
GTFP.

Further, the positive coefficient of Wx × GC indicates that 
local development of green credit has a significant beneficial 
effect on the eco-friendly economic growth in neighboring 
regions. There is the advantage of geospatial convenience 

in neighboring cities, and proximity facilitates all types of 
formal and informal communication, so neighboring com-
panies can keep abreast of the latest cleaning technologies, 
enhance learning and imitation, thus strengthening the role 
of green credit. The spatial spillover estimate � is positively 
significant, implying a strong positive spatial correlation in 
the shift towards a new economic development mode. This 
may be because local enterprises with green credit support 
can alleviate their financing constraints, increase market 
competitiveness, and improve regional environmental per-
formance, which has a demonstration effect on surrounding 
areas.

Robustness of baseline results

Alternative measures

To test the reliability of baseline results, two alternative 
measures are chosen: (1) replacement of the matrix, con-
structing an integrated weight matrix that connects geo-
graphic position with economic progress, and re-running the 
regression. The new matrix takes the form of diagonal ele-
ments with 0 and non-diagonal elements with 
We

ij
= (Yi × Yj)∕d

2

ij
 , where Yi and Yj are the average values 

of GDP per capita for cities i and j, respectively. (2) Replace-
ment of the core explanatory variable, six high-energy-con-
suming industries2 are marked as heavy-polluting sectors 
and green credit indexes are recalculated, again running the 
regression. Table 4 presents that the green credit coefficients 
are positively significant in both cases, aligning with the 
baseline results and confirming the reliability of the earlier 
findings.

Endogeneity issues

1. Reverse causation: the test results do not change sig-
nificantly from the baseline results by re-regressing 
green credit with a one-period lag to control for possible 
reverse causation.

2. Omission bias: “economic development,” “government 
intervention,” and “urbanization level,” which may affect 
GTFP, are controlled to mitigate possible omission bias. 
The results show that the direction and significance of 
the green credit coefficients align with the baseline; the 
empirical results of this work are reasonable.

Table 3  Baseline results

t-statistics in parentheses;
* p < 0.1, ** p < 0.05, *** p < 0.01. The same applies to the table 
below

SAR SEM SDM SDM [Wx]

lnGC 0.0224*** 0.0203*** 0.0248*** 0.0269*
(2.96) (2.73) (3.28) (1.86)

lnSH 0.0657*** 0.0647*** 0.0668*** 0.0071
(9.07) (8.81) (9.20) (0.51)

lnDEN 0.1729*** 0.1701*** 0.1440*** 0.0765
(5.04) (4.86) (4.13) (1.01)

FDI  − 0.6303**  − 0.5736**  − 0.2668  − 1.0359**
(− 2.44) (− 2.06) (− 0.92) (− 2.18)

lnER 0.0210*** 0.0181*** 0.0195*** 0.0388***
(3.05) (2.61) (2.83) (2.87)

lnRE 0.0105* 0.0116* 0.0134**  − 0.0082
(1.71) (1.79) (2.07) (− 0.68)

lnINT  − 0.0177*  − 0.0081  − 0.0159  − 0.0885***
(− 1.78) (− 0.81) (− 1.60) (− 4.88)

�or� 0.3247*** 0.3130*** 0.3096***
(11.88) (11.18) (11.05)

R
2 0.4610 0.4359 0.0524

N 2256.0000 2256.0000 2256.0000

2 According to the 2010 National Economic and Social Development 
Statistical Report, the six high-energy-consuming sectors are “25 
petroleum processing, coking and nuclear fuel processing industry, 26 
chemical fuel and chemical products industry, 31 non-metallic min-
eral products industry, 32 ferrous metal smelting and rolling process-
ing industry, 33 non-ferrous metal smelting and rolling processing 
industry, and 44 electricity and heat production and supply industry.”.
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Heterogeneous effects

Differences in resource dependency

China has a vast territory with varying resource endowments 
among regions, leading to divergent development paths 
between cities with abundant resources and those without. 
This disparity could markedly influence the effects of green 
credit. Based on the division of the National Sustainable 
Development Plan for Resource-based Cities (2013–2020), 
282 sample cities are classified into two groups: 112 cities 
are identified as resource-dependent, while the remaining 
170 are not. The regression outcomes presented in Table 5 
indicate that green credit has a more pronounced effect on 
green economic transition within non-resource-dependent 
cities. In contrast, for resource-based cities, the transition 
towards a greener economy faces more obstacles. As Li and 
Xu (2018) suggested, areas with abundant resources tend to 
have a competitive advantage in extraction industries, which 

promotes the growth of resource-intensive sectors and cre-
ates a path dependency. This makes the shift to a greener 
economy more difficult and slower for such areas. Further-
more, the abundant natural resources in the region mean it 
is less constrained by resource shortages, which leads to 
insufficient incentives to pursue technological innovation or 
to improve energy efficiency, even with financial incentives. 
This may reduce the effectiveness of green credit.

Differences in the degree of government intervention

Excessive government intervention may distort the market 
mechanism and limit the effect of green credit. In this paper, 
the index of “Reducing government intervention in enter-
prises” from the Report on Marketization Index of China 
by Provinces compiled by Wang et al. (2019a) is used to 
assess the extent of government intervention. Since the index 
only has data for even-numbered years, this paper uses 2012 
as the evaluation criterion to group the sample cities. If a 
city is located in a province that is higher than the sample 
median, it is considered as “low government intervention;” 
if not, it is considered “high government intervention.” 
Research shows that green credit is more effective in pro-
moting green economic transformation in cities with less 
government intervention. Chai et al. (2022) find that while 
China’s green credit policy does limit illiquid debt financing 
for polluting firms, it does not effectively guide capital flows 
as firms seek other ways to finance their operations. Govern-
ment fiscal subsidies are one potential source of funding. 
Under the traditional economic development model, high 
energy consumption, high pollution, and overproduction 

Table 4  Robustness of baseline results

Alternative measures Endogeneity issues

(1) (2) (1) (2)

lnGC 0.0261*** 0.0222** 0.0145* 0.0229***
(3.40) (2.43) (1.86) (3.04)

Controls YES YES YES YES
� 0.3869*** 0.3118*** 0.3097*** 0.2954***

(9.12) (11.14) (10.37) (10.33)
R
2 0.1350 0.0585 0.0008 0.0785

N 2256 2256 1974 2256

Table 5  Heterogeneous effects 
of green credit on economic 
green transition

Resource dependency Government intervention Intermediary organiza-
tions

Low High Low High Good Poor

lnGC 0.0330*** 0.0221** 0.0307** 0.0182** 0.0227** 0.0181*
(2.84) (2.22) (2.21) (2.18) (2.11) (1.78)

Controls YES YES YES YES YES YES
� 0.2355*** 0.1943*** 0.3200*** 0.2426*** 0.3343*** 0.0462

(6.56) (5.88) (7.84) (6.77) (9.38) (1.35)
R
2 0.4487 0.1409 0.2431 0.4858 0.0201 0.2354

N 1360 896 1088 1168 1248 1008
Eastern Central Western

lnGC 0.0830*** 0.0139 0.0129
(3.94) (1.39) (1.11)

Controls YES YES YES
� 0.2261*** 0.3077*** 0.1773***

(4.22) (7.46) (3.66)
R
2 0.3867 0.3606 0.3992

 N 800 864 592
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enterprises have a large contribution to local tax revenue 
and employment, so local governments have the incentive 
to provide support to these enterprises. Fiscal subsidies and 
bailout actions alleviate the market pressures faced by enter-
prises, leading to a lack of motivation to invest in greener 
technologies. This mitigates the “financing penalty effect” 
of green credit. Therefore, in cities with heavier government 
intervention, the positive impact of green credit on green 
economic transformation is diminished.

Differences in market intermediary organizations

Green credit relies on the technical support of third-party 
certifiers, green rating agencies, and other intermediaries. 
These market intermediaries collect, quantify, and monitor 
the environmental information of enterprises in a unified 
manner, providing services like green credit ratings, envi-
ronmental risk assessments, and green audits. This improves 
investors’ ability to identify high-tech and knowledge-
intensive industries. Without robust regional intermediary 
organizations and sufficient green credit support services, 
financial institutions may incorrectly evaluate green credit 
applications, potentially granting loans to businesses with 
hidden environmental risks, thus weakening the effect 
of green credit. This paper selects the index of “market 
intermediary organization development and legal system 
environment” in the China Marketization Index Report by 
Province to measure the degree of development of market 
intermediary organizations. If the province where the city 
is located is above the sample median, it is considered as 
“good intermediary organization environment;” if not, it is 
considered “poor intermediary organization environment.” 
The results show that cities with relatively well-developed 
intermediary organizations have a greater contribution of 
green credit to green economic development. In contrast, 
in cities lacking robust intermediary organizations, the 
evaluation of corporate environmental impacts tends to be 
inadequate. Companies might secure loans through ‘green-
washing,’ thereby reducing the quality of green credit assets. 
Furthermore, asymmetric information regarding corporate 
environmental practices can lead to credit discrimination 
by commercial banks. This, in turn, can create significant 
financing obstacles, stifling technological innovation, and 
hindering progress toward green development.

Regional heterogeneity

Using the economic belt classification standard of the 
National Bureau of Statistics, this study categorizes 282 
cities into three geographical zones: eastern, central, and 
western. According to the findings presented in Table 5, 

green credit has a notably positive impact on GTFP in the 
eastern region. However, while the influence of green credit 
on GTFP in the central and western regions is positive, it 
is not statistically significant. This discrepancy may stem 
from the advanced and sophisticated financial systems in the 
east, which facilitate the adoption and utilization of green 
credit by businesses. This, in turn, promotes technological 
innovation and investment in environmental protection, lead-
ing to improved production efficiency and environmental 
performance. In contrast, the financial systems in the central 
and western regions are relatively less developed, resulting 
in limited availability of green credit products and services, 
making it more challenging for enterprises to access green 
financing. Particularly in the western region, there is a heavy 
reliance on natural resources, and the economic structure 
is more monolithic. Resource-based enterprises may focus 
more on resource exploitation rather than the application 
of green technologies, leading to a weaker demand and 
response to green credit.

Mechanism testing
To further explore how green credit affects the green transi-
tion of regional economy, mechanism variables and their 
interaction terms with the core explanatory variable are 
added to the baseline model to conduct mechanism tests:

where QCR and GI represent credit resource allocation and 
clean technology innovation, respectively. As shown in the 
first two columns of Table 6, the coefficients of QCR are 
significantly positive, suggesting that a rational allocation 
of credit resources is conducive to economic green growth. 
The coefficient of the interaction term lnGC × QCR is 
0.0116, which is significant at the 5% level. This indicates 
that the marginal effect of credit resource allocation on 
economic green growth increases by 0.0116 units for every 
1-unit increase in the proportion of green credit. In other 
words, green credit promotes the green transformation of 
the economy through the rationalization of credit resource 
allocation. Green credit combines the resource allocation 
function of financial institutions with environmental respon-
sibility. Through differentiated credit policies, it restrains the 

(4)

lnGTFPit = �

N
∑

j=1,j≠i

WijlnGTFPjt + �1lnGCit + �2lnQCRit

+ �3lnGCit × QCRit + �

N
∑

j=1

WijlnGCjt + ui + vt + �it

(5)
lnGTFPit = �

N
∑

j=1,j≠i

WijlnGTFPjt + �1lnGCit + �2lnGIit

+ �3lnGCit × lnGIit + �

N
∑

j=1

WijlnGCjt + ui + vt + �it
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expansion of polluting enterprises and supports enterprises 
with outstanding environmental performance. This strategy 
reduces excessive capital flow to environmentally damag-
ing industries, thus ensuring a more efficient distribution of 
credit within a region. The rational allocation of resources 
increases regional productivity and eases environmental 
pressure in the process of economic growth.

The last two columns in Table 6 reveal that the coefficients 
for lnGI and lnGC × lnGI are both significantly positive at the 
1% level. Specifically, the interaction term nGC × lnGI coef-
ficient is 0.0104, implying that the marginal effect of clean 
technology innovation on economic green growth increases by 
0.0104 units with each 1-unit increase in the share of green 
credit. Green credit facilitates the green transition of the econ-
omy through the support of technological innovation. Key 
environmental technology innovations, such as the improve-
ment of production process and the upgrade of manufactur-
ing equipment, are unattainable without the support of capital 
investment. Green credit eases the financial constraints that 
enterprises face, reduces the risks associated with research and 
development, bolsters innovation incentives, and thus aids in the 
economic green transition. Hypothesis 2 is thereby confirmed.

Research conclusions and policy 
implications

The green transformation of the economy is a primary goal 
of China’s 14th Five-Year Plan. Achieving this goal heav-
ily relies on the financial sector’s support. In the context 
of China’s bank-centric financing structure, exploring how 

green credit affects economic green transition and identify-
ing deviations in the implementation of green credit policies 
are of great significance in fostering a greener economy. 
Existing research on green credit focuses on the enterprise 
or provincial level, with less emphasis on city-level data. 
This study uses the China Industrial Enterprise Database 
to establish a city-level green credit index. It also calculates 
GTFP for 282 Chinese cities from 2006 to 2013, using this 
index as an indicator of economic green transition. Find-
ings reveal that the development of green credit effectively 
enhances regional GTFP. Clean technology innovation and 
the allocation of credit resources are two important driv-
ers in this process. Green credit development facilitates 
financing for R&D investment, encouraging the adoption 
of advanced technology and enhancing productivity. Con-
currently, it increases the credit cost and difficulty for pol-
luting industries, deterring their expansion and leading to 
the elimination of outdated capacity. In addition, due to the 
demonstration effect among regions, GTFP demonstrates a 
strong positive spatial correlation between different areas. 
The green development of one area can drive green growth 
in the surrounding regions. Heterogeneity analysis suggests 
that factors such as low resource dependence, the pres-
ence of developed market intermediary organizations, and 
reduced government intervention contribute to the favorable 
effects of green credit. These characteristics may explain 
why the impact of green credit on economic green transition 
is more pronounced in China’s eastern regions. Here, due 
to the presence of developed market intermediary organi-
zations, transparency of enterprise environmental informa-
tion is higher, and the economy is less reliant on natural 
resources, enhancing the effectiveness of green credit. In 
contrast, in the central and western regions, the economy 
is still significantly tied to resource dependence, making 
the green transformation more challenging and costly. The 
financial market and market intermediary organizations in 
these regions might not be as developed as in the eastern 
regions, and the role of the government might be more sig-
nificant. These factors result in a less pronounced positive 
effect of green credit.

In terms of policy impact, green credit is the largest and 
most mature component of China’s green financial system, 
and is an important source of funds for green economic 
development. The government should consider strength-
ening policy support for green credit, improving the legal 
framework related to green credit, and lowering the thresh-
old for market access and operating costs, thereby accelerat-
ing the green transformation of the economy. In addition, the 
existence of spatial spillover effects suggests that regional 
economic integration should not only focus on maximizing 
economic benefits, but should also take into account environ-
mental protection. As environmental issues are transbound-
ary in nature, regions need to work together to address these 

Table 6  Mechanism test results

GTFP

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

lnGC 0.0292*** 0.0270*** 0.0209*** 0.0258***
(3.90) (3.58) (2.88) (3.45)

QCR 0.0962*** 0.1016***
(7.87) (8.18)

lnGC × QCR 0.0116**
(2.09)

lnGI 0.0732*** 0.0724***
(13.63) (13.43)

lnGC × lnGI 0.0104***
(2.63)

Controls YES YES YES YES
� 0.3295*** 0.3314*** 0.3053*** 0.3032***

(11.81) (11.89) (10.91) (10.83)
R
2 0.1018 0.1034 0.2150 0.2323

N 2256 2256 2256 2256
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issues. Finally, the heterogeneity analysis shows that there 
are significant differences in the industrial structure and 
financial market development of different regions, which 
directly affect the effectiveness of green credit. Therefore, it 
is necessary to provide differentiated policy solutions. For 
the eastern regions, which have relatively developed finan-
cial markets, lower dependence on resources, and abundant 
clean technologies, it is advisable to set clear assessment tar-
gets in areas such as green production efficiency to enhance 
the performance of green credit policies. For the central and 
western regions, which have a higher reliance on resources, 
the positive impact of green credit policies on the transfor-
mation of regional production methods is not yet significant. 
Thus, when formulating policies, complementary technol-
ogy transfer services should also be provided to assist high-
pollution enterprises in transitioning and upgrading.

While this paper takes into account the heterogeneity 
of green credit at the city level, it does not examine the 
impact of green credit loan tenure. The term of funding 
determines its liquidity and risk-bearing capacity, which in 
turn influences investment decisions. The financial data of 
Chinese A-share listed companies in the energy conserva-
tion and environmental protection sectors could be utilized 
to calculate the volumes of long-term and short-term green 
credit funding, and to explore their respective impacts. 
This may be a potential direction for future research.
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