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1. Introduction                               48 

The Chinese economy has experienced rapid development since 1978, when the 49 

reform and opening up took place. Due to industrialization and urbanization, a growing 50 

number of ecological spaces are being occupied, and the ecological environment 51 

continues to deteriorate. In particular, the concentrated outbreak of environmental 52 

problems under the extensive development model puts the issue of sustainable 53 

economic development in front of the government and the public (Ma et al., 2021). 54 

How to achieve economic growth while considering environmental protection and 55 

resource conservation has become a difficult problem that the government must face. 56 

As a typical bank-based country, green credit is a pillar of China's green financial 57 

system and is becoming a key driver of a sustainable eco-civilization and green growth 58 

transformation. 59 

Green credit is a financial policy in which commercial banks and other financial 60 

institutions establish environmental access thresholds in their credit activities and 61 

implement differentiated pricing strategies for different enterprises. Specifically, 62 

commercial banks offer preferential low-interest loans for energy-efficient and 63 

environmental-friendly enterprises, apply punitively high interest rates on loans to high-64 

pollution and high-energy-consumption enterprises (“two highs”), and withhold 65 

financing to enterprises undertaking new projects that fall into restricted categories or 66 

categories that have been eliminated. Green credit utilizes the allocation function of the 67 

financial market to direct capital to resource-saving and environmentally friendly 68 

enterprises at the micro level (Zhang et al., 2021), and profoundly influences their 69 

business decisions and innovation behavior. At the macro level, green credit has the 70 

potential to encourage clean production, transform the economic development 71 

paradigm (Yin et al., 2019), and create a virtuous loop between finance and the 72 

environment. 73 

In China, green credit started much later than it did in Western countries. In 2007, 74 

the Chinese government formally introduced "green credit" in a statement titled 75 

"Policies and regulations on environmental protection to prevent credit risks". 76 

According to the "Green Credit Guidelines" issued by the China Banking Regulatory 77 
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Commission in 2012, financial institutions should promote and expand credit support 78 

for green economies. It also emphasizes the importance of financial institutions 79 

focusing on environmental issues such as pollution and excessive energy usage, which 80 

may be brought on by their customers and their important related parties in the process 81 

of production and operation. The promulgation of the "Green Credit Guidelines" 82 

implies that the government’s green credit strategy has been further strengthened and 83 

now serves as a guide for the banking industry and enterprises (Wang et al., 2020). In 84 

2020, the central economic work conference proposed to innovate and develop green 85 

finance to help China achieve carbon neutrality by 2060. China's green finance has 86 

grown significantly under the guidance and assistance of the policies mentioned (Ren 87 

et al., 2020). China's green credit scale surpassed 11 trillion RMB by 2020, according 88 

to the Central Bank of China, making it the largest globally. 89 

Green credit is essentially a significant expansion and innovation of standard 90 

administrative-mandated environmental legislation. According to Porter's hypothesis, 91 

the environment and the economy can develop synergistically, ultimately achieving a 92 

win–win situation. In academic studies, GTFP is often used to evaluate the quality of 93 

an economy's growth under environmental and resource constraints (Zhang et al., 2021). 94 

So after more than a decade of practice, does China's green credit policy help to boost 95 

GTFP? If the answer is affirmative, what could be the underlying mechanism? These 96 

questions need to be explored in depth both theoretically and empirically. 97 

In comparison to previous research, this paper's key contribution is to examine 98 

whether the green credit is promoting GTFP, which adds to the body of knowledge 99 

regarding the determinants of GTFP. This paper also offers a comprehensive 100 

exploration of the intrinsic mechanisms underlying the impact of green credit on GTFP 101 

from both a theoretical and an empirical perspective, which deepens the literature on 102 

green credit’s economic effect. Furthermore, considering regional heterogeneity, this 103 

study specifically compares the effects of green credit on GTFP based on region 104 

between mid-western and eastern areas, as well as financial underdeveloped and 105 

developed areas. In this regard, the findings of this study can serve as a useful guide for 106 

relevant policies. 107 
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The remainder of this paper is structured in the following way. Section 2 reviews 108 

the current literature and analyzes green credit's impact on GTFP. Section 3 details the 109 

econometric model, variable selection, and data sources for this paper. In Section 4, the 110 

empirical analysis is presented, along with benchmark tests and robustness checks. 111 

Discussions of mechanisms and heterogeneities are included in Section 5. The 112 

conclusion and implications are summarized in the last part of this study. 113 

2. Literature review and theoretical analysis 114 

2.1. Literature review 115 

Academics are increasingly interested in studying green total factor productivity as 116 

it pertains to long-term sustainability. GTFP is a novel accounting methodology for total 117 

factor productivity that combines energy and environmental restrictions. Since the 118 

GTFP is an effective tool for assessing the sustainability of an economy’s development 119 

over the long run, the influencing factors of the GTFP have been widely studied by 120 

scholars (Feng and Serletis, 2014). According to the existing literature, the influencing 121 

factors of GTFP can be divided into three main research categories: economic streams, 122 

technical streams, and government streams (Zhang et al., 2021). Economic streams 123 

consist of the economic development level, market factors, production factors, and 124 

industrial structure (Feng et al., 2019; Liu and Xin, 2019). Technical streams mainly 125 

include technological progress and efficiency (Wang et al., 2017). Government streams 126 

consist of the infrastructure level, environmental regulation, and fiscal decentralization 127 

(Farhadi, 2015; Ghosal et al., 2019).  128 

The past literature on green credit has mostly focused on two points. To begin with, 129 

at the macro and meso levels, green credit policy was studied for its economic and 130 

environmental consequences. As far as economic effects are concerned, a study by 131 

Wang et al. (2021), for example, demonstrated that green credit policies lead to 132 

considerable improvements in regional economic development. According to the results 133 

of a DSGE model developed by Liu and He (2021), green credit has noticeable effects 134 

on overall economic production and wellbeing. Hu et al. (2020) noted that the growth 135 

of green credit makes it easier to transform industrial structures via capital and financial 136 
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channels. Researchers found that green credit can help boost local green innovation to 137 

a certain extent, but this influence has no spatial spillover effect (Guo et al., 2019). 138 

However, according to Zhang et al. (2011), the macro-level and meso-level 139 

implementation of green credit policy is ineffective. Among China’s main challenges 140 

in implementing its green credit policy are the wide-ranging influence of "two high" 141 

enterprises, imprecise implementation standards, and vague policy details. In terms of 142 

environmental effects, the research conclusions are quite unified. Studies by Ren et al. 143 

(2020) and Song et al. (2021) revealed that green credit policy has resulted in 144 

considerable improvements in air and water quality, carbon dioxide emission reduction, 145 

and high-efficiency energy utilization. 146 

In the second research direction, companies and financial institutions are examined 147 

from the micro perspective of green credit policy implementation. By requiring banks 148 

to decrease loans to "two-high" enterprises, the green credit policy directly impacts 149 

firms' ability to raise debt (Liu et al., 2019). Specifically, as a quasi-natural experiment, 150 

researchers have found an increase in debt financing costs as well as a decrease in loan 151 

maturity for "two high" enterprises (Xu and Li, 2020). Furthermore, reduced long-term 152 

debt in polluting companies due to the Green Credit Guidelines has resulted in a 153 

considerable reduction in R&D input and innovation output (Ling et al., 2020). Green 154 

credit policy was also found to have a detrimental influence on total factor productivity 155 

and enterprise performance of "two high" enterprises (Wen et al., 2021). With regard to 156 

banks, scholars have found a causal link between the financial performance and banking 157 

sector sustainability in China (Weber, 2017). Scholars have also discovered that green 158 

loans are less risky than nongreen loans (Cui et al., 2018). In conclusion, implementing 159 

green credit can increase bank profits while lowering credit risk (Guan et al., 2017; Yin 160 

et al., 2021). 161 

In conclusion, most of existing studies examined the green credit on micro-agent 162 

decision-making. Some literature explores the economic effects or environmental 163 

effects of green credit. However, few research has investigated the connection between 164 

green credit and GTFP as well as their potential impact mechanisms. Given the gaps 165 

above, this study tries to deconstruct the internal logic of green credit and GTFP, and 166 
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conducts a systematic analysis in terms of what kind of relationship exists, possible 167 

impact mechanisms and heterogeneity across provinces. 168 

2.2. Theoretical framework: green credit and GTFP 169 

Based on the macro perspective, green credit mobilizes capital accumulation 170 

through differentiated financial policies, such as credit inclination and floating interest 171 

rates, to form green investment and provide capital elements for economic growth. 172 

Green credit policy encourages lenders to take into account all environmental risks 173 

associated with loan projects when making lending decisions. That is, loans are not 174 

granted to projects with significant pollution and energy consumption, but rather to 175 

projects that save energy and are environmentally benign. This can often achieve large-176 

scale capital concentration within a short length of time and help spur investments in 177 

green industries and related emerging industries, as well as cultivate new economic 178 

growth points (Lei et al., 2021). In addition, the decrease in financing costs of green 179 

projects encourages funds to flow to green projects with high efficiency, energy 180 

conservation, and low pollution, which enhances the quality of economic growth by 181 

optimizing the economic structure. In summary, using capital scale-oriented and capital 182 

cost-oriented mechanisms, green credit facilitates the "green allocation" of financial 183 

resources to realize the green transition of the economy. 184 

Based on the micro perspective, green credit can enhance microeconomic 185 

efficiency in three ways: by decreasing transaction costs, lowering the risk of green 186 

transformation of enterprises, and by supervising the invested enterprises or projects. 187 

First, based on the green requirements of regulators and their own profit-seeking needs, 188 

financial institutions professionally collect and process enterprise information and look 189 

for low-risk, high-yield projects that meet green standards for loans (Wang et al., 2019). 190 

These measures can alleviate adverse selection and moral hazard and reduce the cost 191 

for investors to obtaining information by themselves (Yin et al., 2021). Second, 192 

enterprises need to invest significantly in green transformation and often face greater 193 

risks. In the early stage of green transformation, traditional finance cannot play its role 194 

and bring direct economic benefits to enterprises. Green credit can provide sufficient 195 

financial support for green R&D, transformation and applications, thus reducing the 196 
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risk of enterprise green transformation (Liu et al., 2021). Finally, financial institutions 197 

conduct rigorous screenings of green loan applicants to ensure the safety of funds and 198 

their own interests, and they follow up on the application of corporate funds and the 199 

effects of energy saving and emission reduction after taking out loans. Enterprises with 200 

good emission reduction effects can appropriately add loans (Luo et al., 2021). For 201 

enterprises with poor rectification, loans can be stopped in time to increase the 202 

allocation of funds allocated. On the basis of the foregoing analysis, we hypothesize: 203 

Hypothesis 1. Green credit can promote green total factor productivity. 204 

Furthermore, we believe that green credit influences regional GTFP via industrial 205 

structure upgrading, green technology innovation, and energy consumption structure 206 

optimization. Fig. 1 displays the precise impact routes. 207 

[Insert Fig. 1. here] 208 

Green credit facilitates the improvement of industrial structure by promoting 209 

capital formation, capital orientation, and information transmission. First, finance can 210 

gather idle funds in society to form industrial capital through savings and provide 211 

capital support for green industry growth (Fan et al., 2021). Second, green credit steers 212 

funds towards green companies by managing the volume and direction of loan supply. 213 

To eliminate high-energy-consuming and pollution-producing projects, and finally 214 

complete green and advanced industrial structure transformation. Finally, financial 215 

institutions use their professional ability in information collection, analysis, and 216 

evaluation to identify potential investment projects. Green projects with both 217 

investment value and environmental benefits are presented to investors to promote the 218 

optimal allocation of social resources. 219 

Industrial structure upgrading can promote resource conservation, drive a 220 

continuous increase in product quality as well as added value, and bring about an 221 

improvement in economic benefits (He et al., 2019). Moreover, the transition from 222 

industrialization to a service-oriented economy means the industry structure shifts from 223 

a labor-intensive to a capital and technology-intensive. This changes the previous 224 

extensive development model, made full use of resources, reduced environmental 225 

pollution and promoted the improvement in GTFP. On the basis of the foregoing 226 
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analysis, we hypothesize:      227 

Hypothesis 2. Green credit improves GTFP by promoting industrial structure 228 

upgrading. 229 

Green credit guides capital flow towards environmental friendly areas through 230 

incentive and restraint mechanisms and profoundly affects the innovative behavior of 231 

relevant enterprises. For "two high" enterprises, a higher loan rate increases the 232 

financing cost. Moreover, due to high emissions, such firms come to face greater 233 

pressure from public opinion and moral condemnation, and the risk of corporate debt 234 

default increases, resulting in banks refusing or reducing loans to the "two high" 235 

enterprises. This results in a decline in cash available to such enterprises for green 236 

innovation, which is not favorable to improving regional green innovation levels. 237 

"Clean" enterprises benefit from green credit because it provides them with low 238 

financing costs and abundant funds, alleviating their funding shortages and assisting in 239 

the advancement of regional green innovation.  240 

Besides its direct influence, green credit also indirectly affects the development of 241 

green technologies. Whether a company can actively conduct green innovation is 242 

heavily dependent on its investment in R&D and human capital, which is a strategic 243 

choice that is made after fully weighing the sacrifice of current economic interests for 244 

future ecological value. As the green credit guidelines set the threshold for enterprise 245 

environmental protection, when expanding the production scale, "clean" enterprises 246 

spend more funds on updating production equipment and green technology process 247 

development (Hong et al., 2021). This further enhances enterprises' capacity for green 248 

technology innovation. The "two high" enterprises may also increase R&D investment. 249 

This is because the essence of green credit is a crucial innovation of conventional 250 

environmental legislation. Therefore, green credit has an innovative compensation 251 

effect (Yu et al., 2021). High interest rates will force companies to improving their green 252 

innovation ability, thus promoting GTFP. On the basis of the foregoing analysis, we 253 

hypothesize: 254 

Hypothesis 3. Green credit improves GTFP by promoting green innovation. 255 

Green credit policy supports industrial enterprises in carrying out traditional energy 256 
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transformation, promoting the green and low-carbon energy consumption structure as 257 

well as encouraging renewable energy utilization, thereby guiding energy consumption 258 

structure optimization. The shift in energy consumption structure is a game between 259 

traditional energy consumption and new energy consumption (He et al., 2019), from the 260 

standpoint of the substitution effect. Under green credit policy, energy-related 261 

industries' supply conditions and prices are expected to change, and at the same time, 262 

the preference of energy consumption departments for renewable energy and clean 263 

energy will increase. Over time, consumers will decrease their use of fossil fuels and 264 

increase the demand for new energy (Liu et al., 2017), therefore optimizing energy 265 

consumption structures for their own heath, environmental welfare, and sustainable 266 

development. 267 

The impact of the energy consumption structure on green economy growth is 268 

reflected in two aspects. As an input element, energy can contribute to the scale and 269 

speed of economic growth. However, the increase of coal consumption will eventually 270 

result in environmental degradation and lower social welfare. As a result, reducing coal 271 

consumption will aid in the promotion of green economic growth. On the basis of the 272 

foregoing analysis, we hypothesize: 273 

Hypothesis 4. Green credit improves GTFP by optimizing energy consumption 274 

structure. 275 

3. Research design  276 

3.1. Empirical model 277 

In this paper, we examine the impact of green credit on GTFP. Considering the 278 

different conditions in each province and the large time span, the following two-way 279 

fixed effects model is constructed for empirical research. 280 

0 1it it it i t itGTFP Gcredit X                            (1) 281 

For formula (1) and the following formulas, i denotes the province and t denotes 282 

the time. GTFP refers to green total factor productivity. Gcredit represents green credit. 283 

X reflects control variables affecting GTFP. According to Wang et al. (2021) and Song 284 

et al. (2021), the control variables include human capital, urbanization, foreign direct 285 
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investment, fiscal expenditure scale, environmental regulation, economic scale, and 286 

financial development. 0, 1 and  are estimated coefficients. λi, γt, and εit are region 287 

fixed effect, year fixed effect and random perturbation term. 288 

3.2. Variables 289 

(1) Dependent variable 290 

GTFP is the combined efficiency that comprehensively considers the production 291 

factor inputs, resource consumption, and environmental costs. This study assesses 292 

GTFP using the Slack-Based Model with the Global-Malmquist-Luenberger technique 293 

in the benchmark regression. The GTFP evaluation index system includes three types 294 

of indicators: input, desired output, and non-desired output. Table 1 lists the detailed 295 

evaluation index system of GTFP. 296 

[Insert Table 1 here] 297 

(2) Main independent variable 298 

Green credit is the main independent variable in this study. Based on the existing 299 

literature (Hu et al., 2020), green credit (Gcredit) was measured based on the proportion 300 

of interest expenses of six industries that consume the most energy in each province. 301 

Gcredit is the reverse indicator of green credit. A higher implementation intensity of 302 

green credit policy means less credit is given to heavily polluting industries, resulting 303 

in a smaller Gcredit. Compared with the total amount of loans in heavily polluting 304 

industries, the loan interest can better reflect the borrowing cost of funds, and the 305 

realization of differentiated borrowing costs is the basic feature of green credit policy 306 

(Zhang et al., 2021).  307 

(3) Control variables 308 

In the econometric model, the following variables are controlled for: economic 309 

scale (GDP), human capital (HUM), urbanization rate (URB), foreign direct investment 310 

(FDI), fiscal expenditure size (EXP), environmental regulation (ENV), and financial 311 

development (FIN). Specifically, the natural logarithm of real GDP is used to determine 312 

economic scale. The average years of education are used to calculate human capital. In 313 

China, primary school lasts for six years, middle school lasts for nine years, high school 314 

lasts for 12 years, and college lasts for 16 years. Thus, Human= H1×6+H2×9+H3×315 

12+H4×16. In the formula, H1, H2, H3 and H4 represent the proportion of the total 316 
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population in each province with primary, middle, high school, college and above 317 

education levels. The urbanization rate is equal to the share of the population that lives 318 

in urban areas. FDI is quantified by dividing actual foreign investments by GDP. Fiscal 319 

expenditure is quantified by fiscal spending as a percentage of GDP. Environmental 320 

regulation is quantified by the percentage of GDP spent on environmental protection. 321 

Financial development is calculated by dividing the proportion of a financial 322 

institution's loan balance by GDP. 323 

3.3. Sample and data 324 

Due to the fact that the green credit data began in 2005, and to ensure that the 325 

analysis is comprehensive, the research sample here is 30 provinces (excluding Tibet, 326 

Hong Kong, Macao and Taiwan) in China from 2005 to 2019. Data were obtained from 327 

the China Industrial Statistical Yearbook, China Science and Technology Statistical 328 

Yearbook, China Environmental Statistical Yearbook, and the China Stock Market & 329 

Accounting Research (CSMAR) database. The detailed descriptive statistics of each 330 

variable are shown in Table 2. 331 

[Insert Table 2 here] 332 

4. Empirical analysis 333 

4.1. Benchmark regression  334 

The impact of green credit on GTFP is shown in Table 3. The empirical results 335 

without any control variables are presented in the first two columns, while the results 336 

after controlling for other variables are reported in the last two columns. Individual 337 

fixed effect results are tabulated in Columns (1) and (3), while Columns (2) and (4) are 338 

regression results with two-way fixed effects models. As shown in Table 3, Gcredit was 339 

negatively associated with GTFP, and it was significant at least at the 5% level. In the 340 

two-way fixed effects model with all control variables included, for every 1% increase 341 

in Gcredit, the level of GTFP will drop by 0.038%. Because Gcredit is an inverse 342 

indicator of green credit, this finding preliminarily verifies Hypothesis 1, namely that 343 

green credit significantly promotes GTFP.  344 

For the control variables, the coefficients of HUM, URB, and FIN are positive and 345 
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pass the significance test at least at the 5% level. This shows that the improvement in 346 

human capital, urbanization rate, and financial development level can improve GTFP. 347 

The coefficients of GDP and EXP are significantly negative at 1%. This indicates 348 

China's economic development has not yet achieved complete transformation, and rapid 349 

economic growth still depends on energy consumption and brings a certain degree of 350 

environmental pollution. Furthermore, fiscal expenditure is used more for 351 

administration, resulting in resource allocation distortions and efficiency losses. Finally, 352 

the coefficients of environmental regulation and FDI are not significant, suggesting that 353 

they are not core factors affecting GTFP. These results are generally consistent with 354 

previous research. 355 

[Insert Table 3 here] 356 

4.2. Robustness test 357 

(1) Replacing the dependent variable 358 

 In the robustness test, this paper recalculates the GTFP (GTFP2) using the Epsilon-359 

Based Model with the Global-Malmquist-Luenberger technique (EBM-GML) proposed 360 

by Tone and Tsutsui (2010). The EBM-GML model is able to consider not only the 361 

radial proportion between the target and the actual values, but also deal with the 362 

relaxation between input factors and output factors, which enhances the comparability 363 

of decision-making units. Columns (1) and (2) of Table 4 display the findings. The 364 

coefficient of Gcredit is still negative and significant at 5%. This shows the contribution 365 

of green credit to GTFP is robust regardless of how GTFP is calculated. 366 

(2) Dynamic panel model. 367 

Considering that GTFP may change over time, a new formula (2) is formed by 368 

adding the first-order lag term of GTFP (GTFPit-1) to formula (1). From the econometric 369 

model in this paper, there may exist endogeneity problems caused by reverse causality 370 

among the explained variables, each explanatory variable, and some control variables. 371 

For example, green credit affects GTFP, and the level of GTFP may also have a 372 

significant impact on green credit. Therefore, for the purpose of overcoming the 373 

possible endogeneity issue and further verifying the robustness of the findings, two 374 

dynamic panel estimation methods are used: the differential generalized method of 375 

moments estimation (Diff-GMM) and the systematic generalized method of moments 376 
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estimation (Sys-GMM). The lags of green credit were used as instrumental variables 377 

for Diff-GMM and Sys-GMM estimation. 378 

0 1 1it it it it i t itGTFP GTFP Gcredit X                           (2) 379 

Results of dynamic panel model regression using the Diff-GMM estimation 380 

method are shown in Columns (3) and (4) of Table 4. According to Column (3), the 381 

coefficients of L.GTFP and Gcredit are 0.732 and 0.032, both of which are significant 382 

at the 1% level. As can be seen in Cloumn (4), the sign and significance level of the 383 

regression coefficients of L.GTFP and Gcredit did not change after the inclusion of the 384 

control variables. This demonstrates that GTFP has its own inertia and continuous 385 

impact and verifies that green credit can promote GTFP. 386 

Columns (5) and (6) of Table 4 contain the dynamic panel model regression results 387 

based on Sys-GMM estimation. Sys-GMM has a greater estimating efficiency than 388 

Diff-GMM. Therefore, Sys-GMM is employed to further validate the estimation results' 389 

robustness. In Column (6), the coefficient of L.GTFP is 0.848, which is significant at 390 

1%. For every 1% increase in Gcredit, the level of GTFP will drop by 0.046%. After 391 

comparison, it can be found that the estimation results based on Sys-GMM are 392 

consistent with those of Diff-GMM. To ensure the correctness of the dynamic panel 393 

model setting, this paper carries out an autocorrelation test and a Hansen test. The AR 394 

(2) tests yield P-values greater than 0.1, suggesting that the random disturbance term 395 

does not have second-order sequence autocorrelation. The Hansen tests yield P-values 396 

greater than 0.1, suggesting that the model's instrumental variables are effective, there 397 

is no over identification problem, and the endogeneity problem is well controlled to a 398 

certain extent. In conclusion, the above-mentioned double robustness tests confirm that 399 

this paper's conclusions are solid and credible. 400 

[Insert Table 4 here] 401 

5. Additional analysis 402 

5.1. Influence mechanism 403 

According to the research hypothesis, the stepwise regression method is used in 404 

this paper to identify the mediating effects of industrial structure, energy structure and 405 
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green technology innovation on GTFP. The testing process is as follows: 406 

First, the influence of green credit on GTFP is examined. 407 

1 1 1it it it i t itGTFP Gcredit X Province Year                       (3) 408 

Second, we examine the influence of green credit on the mediating variables 409 

(Mediator). 410 

2 2 2it it it i t itMediator Gcredit X Province Year                      (4) 411 

 Third, we simultaneously include the green credit and mediating variables in the 412 

regression model to test their impact on GTFP: 413 

3 3 3it it it it i t itGTFP Gcredit Mediator X Province Year                    (5) 414 

According to models (3)-(5), the premise of the mediating effect is that the 415 

coefficient of 1   is significant. On this basis, we continue to investigate the 416 

significance of coefficients 2   and   . If both 2   and    are significant, this 417 

indicates the presence of a mediating effect. In addition, the mediating variable plays a 418 

complete mediating effect if 3   is not significant; otherwise, it plays a partial 419 

mediating effect. According to model (3), 1  is significantly negative, in line with the 420 

benchmark regression in this paper. Therefore, the following will mainly test model (4) 421 

and model (5). 422 

 According to Wang and Wang (2021), the ratio of tertiary industry’s added value 423 

over secondary industry’s added value is the measure of industrial structure upgrading 424 

(Advance). Columns (1) and (2) in Table 5 analyze whether green credit can improve 425 

GTFP by promoting industrial structure advancement. The coefficient of Gcredit in 426 

Column (1) is -7.988, significant at 1%, indicating that green credit can help with 427 

industrial structure upgrading. In Column (2), after adding industrial structure 428 

advancement, the coefficient of Gcredit is still significant. Whereas the coefficient of 429 

advance is 0.001, significant at 5%, this indicates that industrial structure advancement 430 

has a positive and partial mediating influence between green credit and GTFP. 431 

Therefore, Hypothesis 2 is verified. 432 

In accordance with Li et al. (2022), green innovation (Innovation) is quantified by 433 
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calculating the logarithm of green patent applications by province. The mediating effect 434 

test results of green technology innovation are shown in Columns (3) and (4). The 435 

coefficient of Gcredit is -0.178 in Column (3), significant at 5% level, illustrating that 436 

green credit has the potential to stimulate green innovation. In Column (4), the 437 

coefficient of Gcredit is no longer significant, while the coefficient of innovation is 438 

positive at 5%. The above results indicate that green innovation has a positive and 439 

complete mediating influence between green credit and GTFP, which verifies 440 

Hypothesis 3. 441 

The energy consumption structure (Energy) of each province is calculated based 442 

on the coal consumption percentage of total energy consumption in this study. The 443 

columns (5) and (6) of Table 5 analyze whether the energy consumption structure can 444 

be optimized so that green credit promotes green total factor productivity. For Column 445 

(5), the coefficient of Gcredit is positive at 1%, illustrating that green credit can 446 

effectively decrease the proportion of coal consumption. In Column (6), the coefficient 447 

of Gcredit is -0,032, and the coefficient of Energy is -0.078, both significant at least at 448 

the 5% level. Clearly, the increase in the energy consumption structure defined by the 449 

share of coal use has a considerable negative impact on China's GTFP. The above results 450 

indicate that energy structure optimization has a positive and partial mediating 451 

influence between green credit and GTFP, which verifies Hypothesis 4. 452 

 [Insert Table 5 here] 453 

5.2. Heterogeneity analysis 454 

(1) Location heterogeneity 455 

The driving effect of green credit on GTFP may vary due to different geographical 456 

conditions. The natural environment, resource endowments, and industrial bases of 457 

eastern China and mid-western China are clearly different. Therefore, the 30 provinces 458 

in China can be divided into eastern and mid-western regions. Columns (1) and (2) in 459 

Table 6 display the regression findings for the location heterogeneity of green credit on 460 

GTFP. As can be seen, the coefficient of Gcredit in the eastern regions is -0.062, and 461 

significant at 1%. In contrast, the coefficient of Gcredit does not pass the significance 462 

test in the mid-western regions. 463 
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The following are some possible explanations: First, the eastern area has a greater 464 

level of industrialization. There are more polluting firms that are restricted as a result 465 

of the green credit policy. Therefore, enterprises in eastern regions are more prone to 466 

using green credit. Second, in the east, environmental regulation is more strict and 467 

extensive than in the mid-west. As a compensatory environmental regulation, green 468 

credit policy is more likely to be favored by enterprises in the eastern regions. Green 469 

credit can offset part of the cost increase brought by administratively mandated 470 

environmental regulation. Third, although the enterprises in the eastern regions have a 471 

greater capacity for innovation and fewer constraints on innovation financing, the 472 

market is more competitive. Obtaining green finance support may send favorable 473 

signals to the whole market and increase enterprises’ motivation to innovate green and 474 

maintain their competitive advantage. Overall, in the eastern regions, the transmission 475 

efficiency of green credit is higher than that in the mid-western regions thanks to 476 

industrial restructuring, energy structure optimization, and green innovation. 477 

(2) Differences in financial development level 478 

According to the median financial development level within each province, the 479 

sample is classified into financial developed and underdeveloped areas. Table 6 shows 480 

the results of grouped regression in Columns (3) and (4). In the financial developed 481 

regions, the Gcredit coefficient is -0.075, and strongly significant at 1%. The coefficient 482 

of Gcredit in the financial underdeveloped regions is -0.029, and significant at 10%. 483 

After using Fisher’s permutation test, it is found that Gcredit coefficients differ 484 

significantly between the two groups at the 1% level. This shows that green credit is 485 

more successful at boosting GTFP in financial developed regions. 486 

A developed financial market is one of the basic conditions for green credit to exert 487 

its policy effect. Compared with financial developed regions, green credit policy is 488 

more likely to be a public welfare policy in financial undeveloped regions since 489 

institutions there lack adequate motive to engage in green credit activity, so the 490 

implementation effect of the policy in financial underdeveloped regions is relatively 491 

poor. The signal of energy-conservation and emission-reduction transmitted by green 492 

credit is not effective enough, and the financing constraints on polluting enterprises are 493 

limited. Therefore, although they all have certain effects, in financial developed area, 494 
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green credit is implemented more efficiently, and the effect on the improvement in 495 

GTFP is more obvious. As the eastern financial markets are more developed than those 496 

in the mid-western area, this conclusion is also consistent with the results of regional 497 

heterogeneity. 498 

 [Insert Table 6 here] 499 

6. Conclusions and policy implications 500 

Based on Chinese provincial data from 2005 to 2019, this study assesses GTFP 501 

with the SBM-GML technique and investigates the influence of green credit on GTFP 502 

as well as its intrinsic mechanism using fixed effect model. The following conclusions 503 

can be drawn: (1) Green credit can significantly promote GTFP, the double robustness 504 

test also supports this conclusion. (2) In terms of the influence mechanism, green credit 505 

improves GTFP by elevating the advanced level of industrial structure, improving the 506 

ability of green innovation and reducing the proportion of coal consumption in energy 507 

consumption. (3) There exists significant regional heterogeneity in the impact of green 508 

credit on GTFP. By distinguishing the geographical locations, we find that green credit 509 

has a beneficial influence on GTFP in the eastern regions, while the impact is not 510 

evident in the mid-western regions. By distinguishing the level of financial 511 

development, this paper finds that the promoting effect of green credit on GTFP is more 512 

significant and effective in financial developed regions.  513 

Closely combined with the research findings in this paper, the following policy 514 

implications are put forward. First, green credit policy have already had a phased effect 515 

on GTFP promotion. The government should timely expand the scale of green credit, 516 

keep the credit threshold under close control, and maintain the policy's sustainability 517 

and stability. Second, financial institutions should continue to promote flexible and 518 

differentiated green financial policies to help green credit play its role in promoting 519 

industrial transformation and upgrading, stimulating enterprises to carry out green 520 

innovation, and reducing the proportion of coal consumption in the energy consumption 521 

structure. Third, to maximize the boosting effect of GTFP, distinct green credit policies 522 

can be adopted in various regions. For the eastern regions and financial developed 523 
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regions, green credit is crucial to the promotion of GTFP. As a result, green credit 524 

policies in these areas need to be strengthened appropriately. In contrast, for the mid-525 

western and financial underdeveloped regions, traditional green credit has a limited 526 

promotion effect on GTFP. Therefore, various green financial entities should cooperate 527 

to explore new green credit pilot projects and build a diversified green financial product 528 

system. 529 

  530 
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Tables 672 

Table 1 673 

GTFP evaluation index system 674 

Index 
category 

Index name Calculation method 

Input Capital input Based on the perpetual inventory method with a 2005 base 
period and a 6% depreciation rate.     

 Labor input Number of employees by province. 

 Energy input Total energy consumption in each province after conversion 
to standard coal. 

Desired 
output 

GDP Real GDP in each province with a base period of 2005.   

Undesired 
output 

Industrial wastewater Industrial wastewater emissions by province. 

 Industrial solid waste Total amount of industrial solid waste produced by province. 

 Sulphur dioxide Sulfur dioxide emissions by province. 

 675 

 676 

Table 2  677 

Descriptive statistics 678 

Variable N Mean SD Min Max 

GTFP 450 1.019 0.025 0.977 1.070 

Gcredit 450 0.537 0.145 0.192 0.906 

HUM 450 2.248 0.134 1.866 2.627 

URB 450 0.540 0.139 0.269 0.896 

FDI 450 0.376 0.337 0.078 1.270 

EXP 450 0.218 0.082 0.105 0.397 

ENV 450 0.139 0.096 0.026 0.373 

GDP 450 9.432 0.988 6.298 11.587 

FIN 450 1.232 0.439 0.537 2.585 

  679 
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Table 3  680 

Benchmark regression results 681 

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

Gcredit -0.044** -0.037** -0.040*** -0.038** 

 (-2.48) (-2.40) (-2.60) (-2.51) 

HUM   0.073** 0.074** 

   (2.12) (2.16) 

URB   0.352*** 0.349*** 

   (6.33) (6.380) 

FDI   0.009 0.008 

   (1.22) (1.03) 

EXP   -0.139*** -0.138*** 

   (-3.04) (-3.02) 

ENV   -0.020 -0.021 

   (-1.28) (-1.32) 

GDP   -0.021*** -0.024*** 

   (-2.99) (-3.57) 

FIN   0.017** 0.014** 

   (2.44) (2.13) 

CONS 1.002*** 1.054*** 1.177*** 1.509*** 

 (140.00) (100.59) (23.75) (13.06) 

Time FE No Yes No Yes 

Individual FE Yes Yes Yes Yes 

N 450 450 450 450 

R2 0.067 0.252 0.389 0.420 

“*”, “**”, and “***” represent significant at the 10%, 5%, and 1% levels; t-values in parenthesis 682 

are provided  683 
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Table 4  684 

Robustness test 685 

  (1)  (2) (3) (4) (5) (6) 

 GTFP2 GTFP2 Diff-GMM Diff-GMM Sys-GMM Sys-GMM 

L.GTFP   0.732*** 0.745*** 0.904*** 0.848*** 

   (6.22) (32.87) (16.22) (19.36) 

Gcredit -0.057** -0.053** -0.032*** -0.035** -0.044*** -0.046** 

 (2.32) (-2.47) (-3.08) (-2.46) (-2.79) (-2.33) 

HUM  0.138***  0.208***  0.132*** 

  (2.77)  (3.26)  (2.78) 

URB  0.285**  0.286**  0.357** 

  (2.13)  (2.44)  (1.99) 

FDI  0.023*  0.055  0.016 

  (1.82)  (0.43)  (0.82) 

EXP  -0.140**  -0.243  -0.289* 

  (2.26)  (0.86)  (1.81) 

ENV  0.147  0.080  0.198 

  (0.89)  (1.47)  (0.50) 

GDP  -0.035**  -0.035**  -0.016** 

  (-2.41)  (-2.39)  (-2.28) 

FIN  0.048**  0.038**  0.042*** 

  (2.02)  (2.11)  (2.73) 

CONS 1.134*** 1.225*** 1.314*** 1.337*** 1.106*** 1.159*** 

 (88.59) (9.36) (12.29) (3.66) (10.05) (3.08) 

Time FE Control Control Control Control Control Control 

Individual 

FE 

Control Control Control Control Control Control 

N 450 450 420 420 420 420 

R2 0.302 0.399     

AR(2)   -0.18 0.55 -0.37 0.56 

   (0.865) (0.571) (0.881) (0.629) 

Hansen test   26.43 17.18 29.87 29.12 

   (0.572) (0.580) (0.441) (0.460) 

For Columns (1) and (2), t-values in parenthesis are provided. For Columns (3) to (6), Z-values are 686 

shown in brackets below explanatory variables; P values are shown in parentheses below the AR (2) 687 

and Hansen test. “*”, “**”, and “***” represent significant at the 10%, 5%, and 1% levels 688 
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Table 5  689 

Influence mechanism 690 

  (1)  (2) (3) (4)  (5)  (6) 
 Advance GTFP Innovation GTFP Energy GTFP 

Gcredit -7.988*** -0.034** -0.178** -0.030 0.119*** -0.032** 

 (-3.18) (-2.20) (-2.45) (1.42) (3.43) (-2.08) 
HUM -18.91*** -0.059* 0.285 -0.074** 0.043 -0.070** 

 (-3.33) (-1.70) (0.60) (-2.13) (0.54) (-2.06) 
URB 34.54*** 0.326*** 3.436*** 0.348*** -0.450*** 0.322*** 

 (3.78) (5.81) (4.53) (6.10) (-3.57) (5.77) 
FDI 4.729*** 0.006 -0.107 0.010 -0.060*** 0.005 

 (3.73) (0.76) (-1.02) (1.24) (-3.40) (0.71) 

EXP -5.545 -0.135*** 0.866 -0.140*** 0.448*** -0.109** 

 (-0.74) (-2.97) (1.39) (-3.06) (4.31) (-2.36) 

ENV 1.665 -0.023 0.616*** -0.021 0.019 -0.019 

 (0.63) (-1.36) (2.83) (-1.31) (0.53) (-1.21) 

GDP 5.384*** -0.025*** 1.294*** -0.022*** -0.063*** -0.025*** 

 (4.78) (-3.50) (13.85) (-2.66) (-4.03) (-3.57) 

FIN 12.89*** 0.001** 0.604*** 0.016** -0.048*** 0.013** 

 (11.50) (2.50) (6.49) (2.22) (-3.07) (1.97) 

CONS 53.439*** 1.052*** -4.082*** 1.509*** 1.182*** 1.175*** 

 (2.84) (16.65) (-3.27) (13.22) (10.30) (20.95) 

Advance  0.001**     

  (2.50)     

Innovation    0.033**   

    (2.28)   

Energy      -0.067*** 

      (-3.11) 

Time FE Control Control Control Control Control Yes 

Individual FE Control Control Control Control Control Yes 

N 450 450 450 450 450 450 

R2 0.943 0.398 0.973 0.389 0.921 0.403 

“*”, “**”, and “***”represent significant at the 10%, 5%, and 1% levels; t-values in parenthesis are 691 

provided  692 
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Table 6  693 

Heterogeneity test 694 

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

Eastern regions 
Mid-western 

regions 

Developed 
regions 

underdeveloped 
regions 

Gcredit -0.062*** -0.009 -0.075*** -0.029* 

 (2.85) (0.40) (3.24) (1.86) 
HUM -0.064 -0.027 0.025** -0.084* 

 (-1.49) (-0.40) (2.08) (-1.74) 
URB 0.367*** 0.237*** 0.100 0.328*** 

 (3.31) (3.01) (0.02) (3.87) 
FDI 0.009 0.007 0.017 0.011 

 (0.38) (0.87) (0.93) (1.15) 

EXP -0.155*** -0.123 -0.177** -0.163** 

 (-2.74) (-1.28) (-2.23) (-2.36) 

ENV -0.008 -0.045 0.019 -0.052** 

 (-0.36) (-1.65) (0.81) (-2.26) 

GDP -0.020 -0.026** -0.003 -0.020** 

 (-1.55) (-2.42) (-0.23) (-2.08) 

FIN 0.013 0.026** 0.042*** 0.013 

 (1.45) (2.12) (2.79) (1.49) 

CONS 1.181*** 1.130*** 0.931*** 1.160*** 

 (12.97) (13.35) (9.72) (17.11) 

Time FE Control Control Control Control 

Individual FE Control Control Control Control 

N 285 165 224 223 

R2 0.320 0.427 0.358 0.470 

“*”, “**”, and “***” represent significant at the 10%, 5%, and 1% levels; t-values in parenthesis 695 

are provided 696 


