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Abstract: Taking the “Green Credit Guidelines” issued in 2012 as a quasi-natural experiment and 9 

employing the A-share listed enterprises scanning from 2008 to 2020 as the research sample, this 10 

study has investigated the impact of green credit policy on total factor productivity at the 11 

corporate level in China, with the consideration of the mediating role of debt financing and the 12 

moderating role of financial mismatch. The findings are as follows: (1) green credit policy has 13 

effectively and directly promoted total factor productivity at the corporate level in China; (2) the 14 

mediating role of debt financing is merely supported for the full sample and the state-owned 15 

sample; (3) the moderating role of financial mismatch is merely established via codirectionally 16 

moderating the negative impact of green credit policy on debt financing for the full sample and the 17 

eastern sample; (4) the non-state-owned enterprises’ dilemma of difficult and expensive debt 18 

financing is proved. The conclusions and policy implementations are provided in the last section 19 

to highlight the practical and theoretical significance of this study.  20 

Keywords: green credit policy; total factor productivity; debt financing; financial mismatch 21 

1. Introduction 22 

The concept of green credit comes from green finance, while green credit policy is a new 23 

credit policy to curb the blind expansion of energy-intensive and high pollution industries, which 24 

is initially proposed by State Environmental Protection Administration (SEPA), the People’s Bank 25 

of China (PBOC), and the China Banking Regulatory Commission (CBRC) in 2007, while the 26 

implementation of this policy is poor due to inadequate supporting measures (Zhang et al., 2011; 27 

Sun et al., 2019). To the best of our knowledge, it’s widely acknowledged that green credit policy 28 

is a macro-level regulation pattern to promote environmental protection by means of credit, which 29 

is one effective way for banking financial institutions to fulfill their environmental responsibilities 30 

(Liu et al., 2017). In addition, green credit brings environmental risk into credit management and 31 



strictly prevents credit funds from flowing into polluting industries (Zhang et al., 2011). Thus, the 32 

main essence of green credit policy is to find a trade-off between economic development and 33 

environment protection (Kang et al., 2020). 34 

As an emerging economy, China’s financial market is still in an imperfect environment, the 35 

bank-dominated financial system forms the main body of the financial sector (Cao et al., 2021). 36 

According to the “Green Credit Guidelines” issued in 2012, commercial banks should impose 37 

higher rates on heavy-pollution industries to limit loans to those industries (Han et al., 2019). 38 

Constrained by the imperfect financial market and the low information transparency, Chinese 39 

enterprises rely more on short-term loans because of its advantage in flexibility to support 40 

long-term investment (Cao et al., 2021). Thus, debt financing forms the key route to be considered 41 

in analyzing the impact of green credit policy (Liu et al., 2019; Xu ad Li, 2020). Against this 42 

background, taking the “Green Credit Guidelines” issued in 2012 as a quasi-natural experiment 43 

and treating the pollution-intensive enterprises as the treatment group, this study attempts to 44 

explore the impact of green credit policy on total factor productivity with the consideration of the 45 

mediating role of debt financing.  46 

In addition, considering the real existence of financial market friction, unequal distribution of 47 

financial resources, and other phenomenon of financial mismatch, whether and how financial 48 

mismatch affects the nexus between green credit policy and total factor productivity becomes 49 

another incentive of this study (Moll, 2014; Wu, 2018). On one hand, financial mismatch usually 50 

leads to the inefficient utilization of financial resources and the chaos in the financial market, 51 

which is not conducive to the sustainable development of the economy (Uras, 2014). On the other 52 

hand, financial mismatch also to some extent represents the flexibility of the economy, which 53 

means more opportunity or lead to better economic performance (Karabarbounis and Macnamara, 54 

2021). Therefore, this study also attempts to investigate the moderating role of financial mismatch 55 

on the nexus between green credit policy, debt financing, and total factor productivity. 56 

Furthermore, considering the typical regional heterogeneity in China caused by the 57 

differences in economic foundations, resource endowments, and environmental conditions, this 58 

study attempts to divide the full sample into different regions in the process of empirical analysis 59 

(Wang et al., 2019). Last but not least, it’s widely known that the state-owned enterprises are the 60 

dominant part of the socialist market economy with Chinese characteristic, while the 61 



non-state-owned enterprise has the disadvantage in enjoying the bonus of green credit policy, thus 62 

the property rights of enterprises should also not be ignored in empirical analysis (Liu et al., 2019; 63 

Ling et al., 2020; Cao et a., 2021; Wen et al., 2021). Therefore, with the consideration of both the 64 

mediating role of debt financing and the moderating role of financial mismatch, this study will 65 

investigate the impact of green credit policy on total factor productivity at national, regional, and 66 

property rights levels. 67 

The marginal contributions of this study to the literature can be largely summarized as two 68 

points. First, taking the “Green Credit Guidelines” issued in 2012 as a quasi-natural experiment 69 

and treating the pollution-intensive enterprises as the treatment group, this study has initially 70 

explored the impact of green credit policy on total factor productivity, which is conducive for 71 

identifying the impact of green credit policy at the corporate level. Second, from the perspective 72 

of financial resource allocation, this study has revealed the influencing mechanism of green credit 73 

policy on total factor productivity with the consideration of both the mediating role of debt 74 

financing and the moderating role of financial mismatch, which provides a micro-level empirical 75 

reference for related studies.  76 

The rest of this study is organized as follows. In section 2, we review the relevant literature 77 

and put forward research hypotheses. In section 3, we introduce the methodology and data 78 

employed in this paper. We present and analyze our empirical results in Section 4. Section 5 draws 79 

the conclusions, gives some policy implications, and points out the research prospects. The 80 

analysis procedure of this study is illustrated in Fig.1.  81 
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 94 

Fig. 1. Flow chart of the analysis procedure. 95 

Introduction: 

Review the relevant research works and introduce the main goals of this study. 

Literature review and research hypotheses: 

Verify the influencing mechanism and provide the research hypotheses. 

Empirical results and analysis:  

Analyze the results at national, regional, and property rights levels. 

Methodology and data: 

Introduce the model specification, variables selection, and data resources. 

Conclusions, policy implications, and research prospects: 

Draw conclusions, provide policy implications, and point out research prospects. 



2. Literature review and research hypotheses  96 

2.1. Green credit policy and total factor productivity 97 

In order to promote the harmony between ecological environment and economic 98 

development, green credit policy requires commercial banks and other financial institutions to 99 

assess the environmental risks of loan projects cautiously, increase the financial sector's preference 100 

for green projects, and strengthen the guiding role of social funds through the loan market (Wang 101 

et al., 2018; Hu et al., 2021). Against this background, providing more loans for environmental 102 

friendly or energy-saving enterprises and less loans for highly-polluting or energy-intensive 103 

enterprises will speed up the process of industrial structure upgrading by adopting advanced green 104 

production technology and adjusting the investment strategy, which is conducive for forcing or 105 

inspiring all enterprises to improve their total factor productivity in the long run (Ling et al., 2020; 106 

Song et al., 2021; Wen et al., 2021; Zhou et al., 2021). Thus, we propose the following hypothesis. 107 

Hypothesis 1 (H1): Green credit policy has a positive effect on total factor productivity at the 108 

corporate level in China. 109 

2.2. The mediating role of debt financing 110 

In general, the heavily polluting enterprises usually have the advantage of political status, 111 

especially in the emerging country such as China (Ling et al., 2020). After the implementation of 112 

green credit policy, this initial advantage of heavily polluting enterprises no longer existed and 113 

was replaced by the strict regulation of government authorities (Cao et al., 2021; Wang et al., 114 

2021). At the same time, commercial banks have to restrict loans to heavily polluting enterprises, 115 

especially long-term loans, that is, green credit policy has a negative effect on debt financing 116 

(Xiang et al., 2020). However, without the constraint of debt financing, heavily polluting 117 

enterprises have adequate liquidity to maintain operation and even expand scale, but lose the 118 

motivation to promote green transformation, which is not conducive for promoting total factor 119 

productivity of them (Wang and Zhu, 2017; Xu et al., 2020). If both the negative assumption of 120 

green credit policy on debt financing and the negative assumption of debt financing on total factor 121 

productivity are supported, debt financing has a positive mediating effect on the nexus between 122 

green credit policy and total factor productivity. Therefore, we propose the following hypotheses. 123 

Hypothesis 2 (H2): Green credit policy has a negative effect on debt financing. 124 



Hypothesis 3 (H3): Debt financing has a partly positive mediating effect on the nexus 125 

between green credit policy and total factor productivity. 126 

2.3. The moderating role of financial mismatch 127 

If the financial allocation is balanced and effective, the free flow of labor, technology, and 128 

other economic resources helps to form a reasonable factor allocation structure, which is 129 

conducive for promoting the resource allocation efficiency and increasing the total factor 130 

productivity (Wen et al., 2021). However, China's financial market has the characteristics of 131 

immature and imperfect, while the non-market behaviors and institutional constrains will mislead 132 

the direction of capital flow (Cao et al., 2021). Hence, this study assumes that financial mismatch 133 

weakens the positive impact of green credit policy on total factor productivity via directly 134 

moderating the nexus between them.  135 

Furthermore, the low efficiency of financial resource allocation caused by financial 136 

misallocation could enhance the impact of green credit policy on reducing debt financing, that is, 137 

financial mismatch enhances the positive impact of green credit policy on total factor productivity 138 

via codirectionally moderating the negative impact of green credit policy on debt financing (Wu, 139 

2018). However, under the dual pressure of debt financing and financing mismatch, the enterprises 140 

have no choice but to conduct green transformation, which may in turn promote the total factor 141 

productivity of them, that is, financial mismatch weakens the positive impact of green credit 142 

policy on total factor productivity via oppositely moderating the negative impact of debt financing 143 

on total factor productivity (Uras, 2014). Based on the above discussion, we propose the following 144 

hypotheses. 145 

Hypothesis 4 (H4): Financial mismatch weakens the positive impact of green credit policy on 146 

total factor productivity via directly moderating the nexus between them. 147 

Hypothesis 5 (H5): Financial mismatch enhances the positive impact of green credit policy 148 

on total factor productivity via codirectionally moderating the negative impact of green credit 149 

policy on debt financing. 150 

Hypothesis 6 (H6): Financial mismatch weakens the positive impact of green credit policy on 151 

total factor productivity via oppositely moderating the negative impact of debt financing on total 152 

factor productivity. 153 

2.4. The conceptual model of this study 154 



Taken the above six hypotheses together, this study first examined whether debt financing 155 

mediates the relation between green credit policy and total factor productivity (Fig.2). Secondly, 156 

we also examined the moderating effect of financial mismatch on the indirect (H5 and H6) and 157 

direct paths (H4) in this model.  158 
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159 

 160 

Fig.2. The conceptual mediated moderation model. 161 

3. Methodology and Data 162 

3.1. Model specification 163 

The difference-in-differences model has been usually used in the quantitative evaluation of 164 

economic policies. To verify the hypotheses H1 to H6, following the models of Liu et al. (2019) 165 

and Wen et al. (2021), we set the econometric models as follows. 166 

0 1 2it i t it t it
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where TFPit denotes the total factor productivity of firm i in year t. Treati refers to the grouping 173 

dummy variable, which equals one if the firm i belongs to the heavy pollution industry and zero 174 

otherwise. Postt is the time dummy variable, which equals one after policy intervention and zero 175 

otherwise. DFit denotes the debt financing of firm i in year t. FMit denotes the financial mismatch 176 

of firm i in year t. Controlsit refer to a vector of control variables. β0, η0, τ0, π0, ρ0, and λ0 denote the 177 

coefficients of the constant term. β1, β2, η1, η2, τ1, τ2, τ3, π1, π2, π3, π4, ρ1, ρ2, ρ3, ρ4, λ1, λ2, λ3, λ4, and 178 

λ5 denote the coefficients of the corresponding terms. φt is the time fixed effect. εit refers to the 179 

residual.  180 

As shown in Fig.2, β1 is employed to measure the direct effect of green credit policy on total 181 

factor productivity, that is, to test the establishment of H1. η1 is employed to measure the direct 182 

effect of green credit policy on debt financing, that is, to test the establishment of H2. η1×τ2 is 183 

employed to measure the indirect effect of green credit policy on total factor productivity or to 184 

measure the mediating effect of debt financing on the nexus between green credit policy and total 185 

factor productivity, that is, to test the establishment of H3. π3 is employed to measure the 186 

moderating effect of financial mismatch on the nexus between green credit policy and total factor 187 

productivity, that is, to test the establishment of H4. ρ3×λ4 is employed to measure the moderating 188 

effect of financial mismatch on the nexus between green credit policy and debt financing, that is, 189 

to test the establishment of H5. ρ1×λ5 is employed to measure the moderating effect of financial 190 

mismatch on the nexus between debt financing and total factor productivity, that is, to test the 191 

establishment of H6. 192 

3.2. Variables selection 193 

(1) Dependent variable 194 

Total factor productivity (TFP) is defined as the natural logarithm of the TFP, and TFP is 195 

estimated by referring to the study of Levinsohn and Petrin (2003). 196 

(2) Core explanatory variables 197 

    Two dummy variables are employed to act as the proxy indicators of green credit policy, such 198 

as the group dummy variable (Treat) and the time dummy variable (Post). In particular, the group 199 

dummy variable (Treat) equals one if the enterprise belongs to the treatment group, and zero 200 

otherwise; the time dummy variable (Post); the group dummy variable (Treat) equals one after the 201 

implementation of the policy, and zero otherwise (Cao et al., 2021). 202 



(3) Mediating variable 203 

Referred to the study of Wang et al. (2019), debt financing (DF) is measured by the ratio of 204 

long-term loans to total assets. 205 

(4) Moderating variable 206 

Financial mismatch (FM) refers to the departure degree of corporate capital cost to industrial 207 

capital cost, which is measured as follows.  208 

    
( )

=
it it it pt

it

pt

I L A R
FM

R

 
                                                (7) 209 

where FMit denotes the financial mismatch of firm i in year t. Rpt denotes the average cost of 210 

industry p in year t. Iit denotes the interest expenditure of firm i in year t. Lit denotes the liability of 211 

firm i in year t. Ait denotes the accounts parable of firm i in year t. 212 

(5) Control variables 213 

Except for the key explanatory variables, the mediating variable, and the moderating variable, 214 

many other factors should be controlled when studying the impact of green credit policy on total 215 

factor productivity at the corporate level in China. Referring to the previous studies, the control 216 

variables included: (1) Age(Age), which is measured by the number of years from the issue period 217 

to the current period; (2) Size(Size), which is measured by the natural logarithm of the total assets; 218 

(3) Shareholding concentration(SC), which is measured by the percentage of shares owned by the 219 

largest shareholder; (4) Leverage(Lev), which is measured by the ratio of total debt to total assets; 220 

(5) Return on assets(ROA), which is measured by the ratio of net income to total assets; (6) Return 221 

on net assets(ROE), which is measured by the ratio of net income to net assets; (7) Growth rate of 222 

total assets(GRTA), which is measured by the ratio of assets growth in current year to total assets 223 

at the beginning of the year. 224 

3.3. Data resources 225 

The panel data adopted in this study include the samples of the A-share listed enterprises 226 

selected from the Shanghai Stock Exchange and Shenzhen Stock Exchange scanning from 2008 to 227 

2020, with polluting enterprises as the treatment group and the remaining enterprises as the 228 

control group by referring to the classification method of Ling et al. (2020). To guarantee the 229 

validity of the empirical results, the samples with the following characteristics are excluded: (1) 230 

enterprises with ST or ST* treated, (2) enterprises belong to the financial industry, (3) enterprises 231 



with serious missing variables. In addition, to exclude extreme outliers, we winsorize all 232 

continuous variables at the 1% and 99% quantiles annually. Finally, 15024 enterprise-year 233 

observations were obtained, including 5902 enterprise-year observations in the treatment group 234 

and 9122 enterprise-year observation in the control group. The corporate data of this study are 235 

collected from the China Stock Market and Accounting Research (CSMAR) database. The 236 

descriptive statistics of all variables are shown in Table 1. 237 

Table 1 238 

Descriptive statistics. 239 

Attributes Variables N Mean Std.Dev. Min Max 

Dependent variable TFP 15024 10.980  1.195  7.330  14.964  

Key explanatory variables Treat 15024 0.393  0.488  0.000  1.000  

Post 15024 0.832  0.374  0.000  1.000  

Mediating variable DF 15024 0.055  0.074  -0.123  0.846  

Moderating variable FM 15024 -0.011  0.769  -1.000  3.284  

Control variables Age 15024 2.181  0.629  1.099  3.367  

Size 15024 22.079  1.161  18.886  27.547  

SC 15024 33.857  14.165  2.870  89.990  

LEV 15024 0.415  0.193  0.007  1.114  

ROA 15024 0.037  0.074  -1.648  0.786  

ROE 15024 0.026  0.972  -66.535  2.324  

GRTA 15024 0.149  0.438  -0.929  19.095  

4. Empirical results and analysis 240 

4.1. Correlation analysis and parallel trend test 241 

The Pearson correlation coefficients of between the independent variables including the key 242 

explanatory variables, the mediating variable, and the moderating variable are reported in Table 2. 243 

The highest correlation coefficient among them is 0.479, implying that there is no serious 244 

multicollinearity. At the same time, we further conduct the variance inflation factor (VIF) test, and 245 

the highest VIF is 1.88, thus the multicollinearity concern can be safely ignored once again. 246 

The assumption of parallel trend should be satisfied for using the DID method, and the results 247 

are presented in Fig.3. Obviously, it basically satisfies the assumption of parallel trend, which 248 

meets the requirement for using the DID method. However, the coefficients of green credit policy 249 

do not become significant in statistic until five years later, indicating a five-year lag in the effect of 250 

green credit policy on total factor productivity at the corporate level in China.  251 



 252 

Fig.3. Parallel trend test. 253 

Table 2 254 

Correlation analysis. 255 
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Note: *** p<0.01, ** p<0.05, * p<0.1. 256 



4.2. Empirical results for the full sample and analysis 257 

Based on the equations (1) ~ (6), this study has conducted the estimation and reported the 258 

empirical results for the full sample in the Table 3. Column (1) shows that green credit policy has 259 

significantly positive effect on total factor productivity, indicating that green credit policy 260 

promotes total factor productivity of the polluting enterprises, that is, H1 is supported for the full 261 

sample. Column (2) shows that green credit policy has significantly negative effect on debt 262 

financing, indicating that green credit policy reduces debt financing of the polluting enterprises, 263 

that is, H2 is supported for the full sample. Column (3) shows that debt financing has significantly 264 

negative effect on total factor productivity, indicating that debt financing has partly and positively 265 

mediated the nexus between green credit policy and total factor productivity, that is, H3 is 266 

supported for the full sample. Column (4) shows that financial mismatch has failed to moderate 267 

the positive effect of green credit policy on total factor productivity, that is, H4 is not supported 268 

for the full sample. Columns (5) and (6) show that financial mismatch has enhanced the positive 269 

impact of green credit policy on total factor productivity via codirectionally moderating the 270 

negative impact of green credit policy on debt financing, and weakened the positive impact of 271 

green credit policy on total factor productivity via oppositely moderating the negative impact of 272 

debt financing on total factor productivity, that is, both H5 and H6 are supported for the full 273 

sample. 274 

Table 3 275 

Empirical results for the full sample. 276 

Variables TFP DF TFP TFP DF TFP 

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

Treat × Post 0.035*** -0.007*** 0.029*** 0.035*** -0.006*** 0.029*** 

 (3.150) (-3.336) (2.632) (3.096) (-3.080) (2.633) 

FM    0.009* 0.003*** -0.000 

    (1.859) (3.750) (-0.020) 

Treat × Post × FM      0.007 -0.006*** 0.001 

    (0.843) (-3.773) (0.168) 

DF   -0.894***   -0.953*** 

   (-19.098)   (-19.749) 

DF × FM      0.228*** 

      (4.801) 

Constant -5.690*** -0.518*** -6.153*** -5.673*** -0.516*** -6.144*** 

 (-42.245) (-20.724) (-45.570) (-42.075) (-20.616) (-45.503) 



Control variables Yes Yes Yes Yes Yes Yes 

N 15,024 15,024 15,024 15,024 15,024 15,024 

R
2
 0.746 0.204 0.753 0.746 0.205 0.753 

Note: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 277 

4.3. Heterogeneity test for different groups at the regional level  278 

According to the criterion formulated by the National Bureau of Statistics in Chinese 279 

mainland, we have divided the full sample into three regions including the eastern, central, and 280 

western region, and reported the empirical results of them in Table 4, Table 5, and Table 6, 281 

respectively.  282 

The empirical results for the eastern sample are reported in the Table 4. Column (1) shows 283 

that green credit policy has significantly positive effect on total factor productivity, indicating that 284 

green credit policy promotes total factor productivity of the polluting enterprises, that is, H1 is 285 

supported for the eastern sample. Column (2) shows that green credit policy has insignificantly 286 

negative effect on debt financing, indicating that green credit policy fails to reduce debt financing 287 

of the polluting enterprises, that is, H2 is not supported for the eastern sample. Column (3) shows 288 

that debt financing has significantly negative effect on total factor productivity, while the 289 

mediating effect of debt financing on the nexus between green credit policy and total factor 290 

productivity is not established, that is, H3 is not supported for the eastern sample. Column (4) 291 

shows that financial mismatch has failed to moderate the positive effect of green credit policy on 292 

total factor productivity, that is, H4 is not supported for the eastern sample. Columns (5) and (6) 293 

show that financial mismatch has enhanced the positive impact of green credit policy on total 294 

factor productivity via codirectionally moderating the negative impact of green credit policy on 295 

debt financing, but failed to weaken the positive impact of green credit policy on total factor 296 

productivity via oppositely moderating the negative impact of debt financing on total factor 297 

productivity, that is, H5 is supported while H6 is not supported for the eastern sample. 298 

Table 4 299 

Empirical results for the eastern sample. 300 

Variables TFP DF TFP TFP DF TFP 

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

Treat × Post 0.048*** -0.003 0.045*** 0.048*** -0.003 0.046*** 

 (3.429) (-1.192) (3.278) (3.419) (-1.038) (3.328) 

FM    0.008 0.003*** 0.003 



    (1.523) (3.398) (0.570) 

Treat × Post × FM      0.003 -0.006*** -0.002 

    (0.315) (-3.107) (-0.154) 

DF   -0.877***   -0.930*** 

   (-15.461)   (-15.698) 

DF × FM      0.165*** 

      (2.905) 

Constant -5.668*** -0.525*** -6.128*** -5.650*** -0.519*** -6.115*** 

 (-34.379) (-17.053) (-37.061) (-34.205) (-16.838) (-36.937) 

Control variables Yes Yes Yes Yes Yes Yes 

N 10,265 10,265 10,265 10,265 10,265 10,265 

R
2
 0.749 0.217 0.756 0.749 0.218 0.756 

Note: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 301 

The empirical results for the central sample are reported in the Table 5. Column (1) shows 302 

that green credit policy has insignificantly positive effect on total factor productivity, indicating 303 

that green credit policy fails to promote total factor productivity of the polluting enterprises, that is, 304 

H1 is not supported for the eastern sample. Column (2) shows that green credit policy has 305 

significantly negative effect on debt financing, indicating that green credit policy reduces debt 306 

financing of the polluting enterprises, that is, H2 is supported for the central sample. Column (3) 307 

shows that debt financing has significantly negative effect on total factor productivity, while the 308 

mediating effect of debt financing on the nexus between green credit policy and total factor 309 

productivity is not established, that is, H3 is not supported for the central sample. Column (4) 310 

shows that financial mismatch has failed to moderate the positive effect of green credit policy on 311 

total factor productivity, that is, H4 is not supported for the central sample. Columns (5) and (6) 312 

show that financial mismatch has not only failed to enhance the positive impact of green credit 313 

policy on total factor productivity via codirectionally moderating the negative impact of green 314 

credit policy on debt financing, but also failed to weaken the positive impact of green credit policy 315 

on total factor productivity via oppositely moderating the negative impact of debt financing on 316 

total factor productivity, that is, both H5 and H6 are not supported for the central sample. 317 

Table 5 318 

Empirical results for the central sample. 319 

Variables TFP DF TFP TFP DF TFP 

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

Treat × Post 0.006 -0.019*** -0.005 0.008 -0.018*** -0.003 



 (0.252) (-3.959) (-0.220) (0.341) (-3.817) (-0.105) 

FM    0.001 0.006** 0.009 

    (0.125) (2.556) (0.733) 

Treat × Post × FM      -0.015 -0.004 -0.016 

    (-0.805) (-1.026) (-0.880) 

DF   -0.599***   -0.582*** 

   (-5.714)   (-5.398) 

DF × FM      -0.083 

      (-0.734) 

Constant -5.015*** -0.425*** -5.270*** -5.044*** -0.423*** -5.293*** 

 (-15.045) (-6.411) (-15.776) (-15.051) (-6.359) (-15.759) 

Control variables Yes Yes Yes Yes Yes Yes 

N 2,624 2,624 2,624 2,624 2,624 2,624 

R
2
 0.732 0.134 0.736 0.732 0.136 0.736 

Note: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 320 

The empirical results for the western sample are reported in the Table 6. Column (1) shows 321 

that green credit policy has insignificantly positive effect on total factor productivity, indicating 322 

that green credit policy fails to promote total factor productivity of the polluting enterprises, that is, 323 

H1 is not supported for the western sample. Column (2) shows that green credit policy has 324 

insignificantly negative effect on debt financing, indicating that green credit policy reduces debt 325 

financing of the polluting enterprises, that is, H2 is not supported for the western sample. Column 326 

(3) shows that debt financing has insignificantly negative effect on total factor productivity, the 327 

mediating effect of debt financing on the nexus between green credit policy and total factor 328 

productivity is not established, that is, H3 is not supported for the central sample. Column (4) 329 

shows that financial mismatch has failed to moderate the positive effect of green credit policy on 330 

total factor productivity, that is, H4 is not supported for the western sample. Columns (5) and (6) 331 

show that financial mismatch has not only failed to enhance the positive impact of green credit 332 

policy on total factor productivity via codirectionally moderating the negative impact of green 333 

credit policy on debt financing, but also failed to weaken the positive impact of green credit policy 334 

on total factor productivity via oppositely moderating the negative impact of debt financing on 335 

total factor productivity, that is, both H5 and H6 are not supported for the western sample. 336 

Table 6 337 

Empirical results for the western sample. 338 

Variables TFP DF TFP TFP DF TFP 



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

Treat × Post 0.010 -0.004 0.005 0.005 -0.003 -0.001 

 (0.318) (-0.702) (0.177) (0.170) (-0.617) (-0.021) 

FM    0.009 0.000 -0.038** 

    (0.595) (0.130) (-2.161) 

Treat × Post × FM      0.058** -0.006 0.057** 

    (2.377) (-1.266) (2.400) 

DF   -1.149***   -1.213*** 

   (-9.061)   (-9.571) 

DF × FM      0.644*** 

      (4.975) 

Constant -4.779*** -0.443*** -5.288*** -4.756*** -0.444*** -5.339*** 

 (-11.485) (-5.935) (-12.863) (-11.447) (-5.934) (-13.074) 

Control variables Yes Yes Yes Yes Yes Yes 

N 2,135 2,135 2,135 2,135 2,135 2,135 

R
2
 0.665 0.225 0.680 0.667 0.226 0.685 

Note: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 339 

4.4. Heterogeneity test for different groups at the property rights level  340 

According to the heterogeneity of enterprises at the property rights level, we have largely 341 

divided the full sample into two groups including the state-owned and non-state-owned enterprises, 342 

and reported the empirical results of them in Table 7 and Table 8, respectively.  343 

The empirical results for the state-owned sample are reported in the Table 7. Column (1) 344 

shows that green credit policy has significantly positive effect on total factor productivity, 345 

indicating that green credit policy promotes total factor productivity of the polluting enterprises, 346 

that is, H1 is supported for the state-owned sample. Column (2) shows that green credit policy has 347 

significantly negative effect on debt financing, indicating that green credit policy reduces debt 348 

financing of the polluting enterprises, that is, H2 is supported for the state-owned sample. Column 349 

(3) shows that debt financing has significantly negative effect on total factor productivity, 350 

indicating that debt financing has partly and positively mediated the nexus between green credit 351 

policy and total factor productivity, that is, H3 is supported for the state-owned sample. Column (4) 352 

shows that financial mismatch has failed to moderate the positive effect of green credit policy on 353 

total factor productivity, that is, H4 is not supported for the state-owned sample. Columns (5) and 354 

(6) show that financial mismatch has not only enhanced the positive impact of green credit policy 355 

on total factor productivity via codirectionally moderating the negative impact of green credit 356 

policy on debt financing, but also weakened the positive impact of green credit policy on total 357 



factor productivity via oppositely moderating the negative impact of debt financing on total factor 358 

productivity, that is, both H5 and H6 are supported for the state-owned sample. 359 

Table 7 360 

Empirical results for the state-owned sample. 361 

Variables TFP DF TFP TFP DF TFP 

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

Treat × Post 0.050*** -0.016*** 0.035** 0.048*** -0.016*** 0.033** 

 (3.133) (-5.070) (2.194) (3.014) (-4.841) (2.093) 

FM    0.026*** 0.001 0.013 

    (3.102) (0.489) (1.329) 

Treat × Post × FM      0.004 -0.012*** -0.009 

    (0.247) (-3.745) (-0.570) 

DF   -0.951***   -0.980*** 

   (-13.061)   (-13.316) 

DF × FM      0.229*** 

      (2.913) 

Constant -5.920*** -0.430*** -6.329*** -5.912*** -0.435*** -6.333*** 

 (-25.273) (-9.085) (-27.274) (-25.258) (-9.204) (-27.323) 

Control variables Yes Yes Yes Yes Yes Yes 

N 4,992 4,992 4,992 4,992 4,992 4,992 

R
2
 0.744 0.172 0.753 0.744 0.175 0.754 

Note: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 362 

The empirical results for the non-state-owned sample are reported in the Table 8. Column (1) 363 

shows that green credit policy has significantly positive effect on total factor productivity, 364 

indicating that green credit policy promotes total factor productivity of the polluting enterprises, 365 

that is, H1 is supported for the non-state-owned sample. Column (2) shows that green credit policy 366 

has insignificantly positive effect on debt financing, indicating that green credit policy fails to 367 

reduce debt financing of the polluting enterprises, that is, H2 is not supported for the 368 

non-state-owned sample. Column (3) shows that debt financing has significantly negative effect 369 

on total factor productivity, while the mediating effect of debt financing on the nexus between 370 

green credit policy and total factor productivity is not established, that is, H3 is not supported for 371 

the non-state-owned sample. Column (4) shows that financial mismatch has failed to moderate the 372 

positive effect of green credit policy on total factor productivity, that is, H4 is not supported for 373 

the non-state-owned sample. Columns (5) and (6) show that financial mismatch has only enhanced 374 

the positive impact of green credit policy on total factor productivity via codirectionally 375 



moderating the negative impact of green credit policy on debt financing, but failed to weaken the 376 

positive impact of green credit policy on total factor productivity via oppositely moderating the 377 

negative impact of debt financing on total factor productivity, that is, H5 is supported while H6 is 378 

not supported for the non-state-owned sample. 379 

Table 8 380 

Empirical results for the non-state-owned sample. 381 

Variables TFP DF TFP TFP DF TFP 

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

Treat × Post 0.028* 0.001 0.028* 0.027* 0.002 0.029* 

 (1.738) (0.318) (1.807) (1.684) (0.598) (1.851) 

FM    0.001 0.004*** -0.004 

    (0.155) (4.306) (-0.599) 

Treat × Post × FM      0.009 -0.004** 0.006 

    (0.895) (-2.294) (0.549) 

DF   -0.855***   -0.918*** 

   (-13.976)   (-14.226) 

DF × FM      0.179*** 

      (2.983) 

Constant -5.554*** -0.527*** -6.005*** -5.548*** -0.518*** -6.001*** 

 (-33.015) (-17.716) (-35.445) (-32.887) (-17.402) (-35.361) 

Control variables Yes Yes Yes Yes Yes Yes 

N 10,032 10,032 10,032 10,032 10,032 10,032 

R
2
 0.750 0.235 0.756 0.750 0.237 0.756 

Note: t-statistics in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 382 

5. Conclusions, policy implications, and research prospects 383 

5.1. Conclusions 384 

By using the mediated moderation model, taking the polluting enterprises as the treatment 385 

group and the other enterprises as the control group, this study has analyzed the impact of green 386 

credit policy on total factor productivity at the corporate level in China from the perspective of 387 

financial resource allocation, with the consideration of both the mediating role of debt financing 388 

and the moderating role of financial mismatch. The conclusions of this study are as follows: 389 

Firstly, green credit policy has effectively and directly promoted total factor productivity at 390 

the corporate level in China, and this impact is transmitted partly through the intermediary of debt 391 

financing. Moreover, financial mismatch has enhanced this impact via codirectionally moderating 392 

the negative impact of green credit policy on debt financing, and weakened this impact via 393 



oppositely moderating the negative impact of debt financing on total factor productivity. 394 

Secondly, the heterogeneity of green credit policy affecting total factor productivity is 395 

established at the regional level. Different from the less developed central and western regions, 396 

green credit policy has effectively and directly promoted total factor productivity at the corporate 397 

level in the eastern region. However, the mediating role of debt financing is not supported at the 398 

regional level. In addition, the moderating role of financial mismatch is merely established via 399 

codirectionally moderating the negative impact of green credit policy on debt financing in the 400 

eastern region. 401 

Thirdly, green credit policy has effectively and directly promoted total factor productivity of 402 

both the state-owned and non-state-owned enterprises, while the difference of the influencing 403 

intensity between those two groups also verifies the non-state-owned enterprises’ dilemma of 404 

difficult and expensive debt financing. In addition, the mediating role of debt financing is merely 405 

established for the state-owned enterprises. Furthermore, the moderating role of financial 406 

mismatch is established via codirectionally moderating the negative impact of green credit policy 407 

on debt financing for the state-owned enterprises, and via oppositely moderating the negative 408 

impact of debt financing on total factor productivity for both the state-owned and non-state-owned 409 

enterprises. 410 

5.2. Policy implications 411 

Based on the above conclusions of this study, as well as the practice of green credit policy 412 

and enterprise management in China, the following policy implications are provided. 413 

Firstly, to adequately enjoy the positive impact of green credit policy on total factor 414 

productivity, the government should attach importance to the dual role of green financial products 415 

in economic development and environmental protection, increase investment in green financial 416 

infrastructure, expand the scope of pilot areas for green credit reform, design green incentive 417 

measures including interest discount, targeted rate cuts, and re-loans, and guide the enterprises to 418 

comply with the green principles. 419 

Secondly, considering the intermediary role of debt financing, it is important and necessary to 420 

clarify the influencing mechanism of green credit policy on total factor productivity at the 421 

corporate level, to obtain timely feedback from enterprises and to adjust the intensity of green 422 

credit policy. In addition, to enjoy the bonus of green credit policy, the heterogeneous impacts of 423 



green credit policy should be paid more attention, more preferential measures should be given to 424 

the central and western enterprises, and the non-state-owned enterprises.  425 

Thirdly, to reduce the dilution effect of financial mismatch on the positive nexus between 426 

green credit policy and total factor productivity, it is also important and necessary to deepen the 427 

financial supply-side structural reform, and make full use of big data to realize the tripartite 428 

information sharing among the government, banks, and enterprises, which is also conducive to 429 

optimize the financial and investment environment for promoting the follow-up development of 430 

green credit policy. 431 

5.3. Research prospects 432 

Since this study has comprehensively investigated the influencing mechanism of green credit 433 

policy on total factor productivity at the corporate level in China, some limitations should be 434 

identified to highlight the potential research directions. For instance, due to the constraint of data 435 

availability, our sample is based on the panel data of A-share listed enterprises, whether the 436 

mediated moderation route is supported for the unlisted enterprises still remains unclear. In 437 

addition, except for the mediating role of debt financing and the moderating role of financial 438 

mismatch, the other potential channels such as technical innovation and resource allocation on the 439 

nexus between green credit policy and total factor productivity also deserve an in-depth research 440 

in the future.  441 

Ethics approval and consent to participate: Not applicable. 442 

Consent for publication: Not applicable. 443 

Authors Contributions: Yanchao Feng: Conceptualization, Methodology, Writing - Original draft; 444 

Qiong Shen: Writing- Reviewing and Editing. 445 

Funding information: Sponsored by Program for Science＆Technology Innovation Talents in 446 

Universities of Henan Province (Grant No. 2021-CX-018) and Great Education Science Bidding 447 

Project of 14
th

 Five Year Plan in 2022 of Henan Province (Grant No. 2021JKZB05). 448 

Conflicts of Interest: The authors declare that they have no competing interests. 449 

Data Availability: The data used to support the findings of this study are available from the 450 

corresponding author upon request. 451 

References 452 

Cao, Y.W., Zhang, Y.T., Yang, L., Li, R.Y.M., Crabbe, M.J.C., 2021. Green Credit Policy and 453 



Maturity Mismatch Risk in Polluting and Non-Polluting Companies. Sustainability 13(7), 454 

3615. 455 

Han, Z.X., Xu, H.F., Tu, K.J., 2019. Research on the Effectiveness of Green Credit Policy -Based 456 

on The Empirical Study of 19 Listed Banks in China. 2019 3rd International Conference on 457 

Data Science and Business Analytics (Icdsba 2019), 202-205. 458 

Hu, G.Q., Wang, X.Q., Wang, Y., 2021. Can the green credit policy stimulate green innovation in 459 

heavily polluting enterprises? Evidence from a quasi-natural experiment in China. Energ. 460 

Econ. 98, 105134. 461 

Kang, H., Jung, S.Y., Lee, H., 2020. The impact of Green Credit Policy on manufacturers' efforts 462 

to reduce suppliers' pollution. J. Clean. Prod. 248, 119271. 463 

Karabarbounis, M., Macnamara, P., 2021. Misallocation and financial frictions: The role of 464 

long-term financing. Rev. Econ. Dynam. 40, 44-63. 465 

Levinsohn, J., Petrin, A., 2003. Estimating production functions using inputs to control for 466 

unobservables. Rev. Econ. Stud. 70(2), 317-341. 467 

Ling, S.X., Han, G.S., An, D., Hunter, W.C., Li, H., 2020. The Impact of Green Credit Policy on 468 

Technological Innovation of Firms in Pollution-Intensive Industries: Evidence from China. 469 

Sustainability 12(11), 4493. 470 

Liu, J.Y., Xia, Y., Fan, Y., Lin, S.M., Wu, J., 2017. Assessment of a green credit policy aimed at 471 

energy-intensive industries in China based on a financial CGE model. J. Clean. Prod. 163, 472 

293-302. 473 

Liu, X.H., Wang, E.X., Cai, D.T., 2019. Green credit policy, property rights and debt financing: 474 

Quasi-natural experimental evidence from China. Financ. Res. Lett. 29, 129-135. 475 

Moll, B., 2014. Productivity Losses from Financial Frictions: Can Self-Financing Undo Capital 476 

Misallocation? Am. Econ. Rev. 104(10), 3186-3221. 477 

Song, M.L., Xie, Q.J., Shen, Z.Y., 2021. Impact of green credit on high-efficiency utilization of 478 

energy in China considering environmental constraints. Energ. Policy 153, 112267. 479 

Sun, J.X., Wang, F., Yin, H.T., Zhang, B., 2019. Money Talks: The Environmental Impact of 480 

China's Green Credit Policy. J. Policy Anal. Manag. 38(3), 653-680. 481 

Uras, B.R., 2014. Corporate financial structure, misallocation and total factor productivity. J. Bank. 482 

Financ. 39, 177-191. 483 



Wang, F., Yang, S.Y., Reisner, A., Liu, N., 2019. Does Green Credit Policy Work in China? The 484 

Correlation between Green Credit and Corporate Environmental Information Disclosure 485 

Quality. Sustainability 11(3), 733. 486 

Wang, K., Zhao, R.Q., Chen, H.R., 2018. Optimal credit period and green consumption policies 487 

with cash-credit payments under asymmetric information. J. Clean. Prod. 205, 706-720. 488 

Wang, Y.L., Lei, X.D., Zhao, D.X., Long, R.Y., Wu, M.F., 2021. The Dual Impacts of Green Credit 489 

on Economy and Environment: Evidence from China. Sustainability 13(8), 4574. 490 

Wen, H.W., Lee, C.C., Zhou, F.X., 2021. Green credit policy, credit allocation efficiency and 491 

upgrade of energy-intensive enterprises. Energ. Econ. 94, 105099. 492 

Wu, G.L., 2018. Capital misallocation in China: Financial frictions or policy distortions? J. Dev. 493 

Econ. 130, 203-223. 494 

Xing, C., Zhang, Y.M., Wang, Y., 2020. Do Banks Value Green Management in China? The 495 

Perspective of the Green Credit Policy. Financ. Res. Lett. 35, 101601. 496 

Xu, X.K., Li, J.S., 2020. Asymmetric impacts of the policy and development of green credit on the 497 

debt financing cost and maturity of different types of enterprises in China. J. Clean. Prod. 264, 498 

121574. 499 

Zhang, B., Yang, Y., Bi, J., 2011. Tracking the implementation of green credit policy in China: 500 

Top-down perspective and bottom-up reform. Journal of Environmental Management 92(4), 501 

1321-1327. 502 

Zhou, G.Y., Liu, C., Luo, S.M., 2021. Resource Allocation Effect of Green Credit Policy: Based 503 

on DID Model. Mathematics 9(2), 159. 504 


