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Abstract 
With the transformation of China's economic development stage, high-quality 
development has become an inevitable requirement for China's sustained and healthy 
economic development, and under the new development pattern, if the effective play of 
green credit to promote green total factor productivity has become an urgent practical 
problem to be solved. Based on a deep understanding of the relationship between green 
credit and green total factor productivity, this paper measures green total factor 
productivity of 30 provinces in China from 2008 to 2017 by ML index method, and 
establishes a systematic GMM model to quantitatively analyze the impact of green credit 
on Green total factor productivity in China. The results show that the improvement of 
green credit level has no significant negative impact on green total factor productivity in 
the current period, but has a significant impact on green total factor productivity in the 
next period. The effect of green credit on green total factor productivity is mainly 
realized through green technological progress rather than green technological efficiency. 
This paper proposes to implement green credit policy according to local conditions, 
accelerate the development of green industry, strengthen the supervision of credit funds, 
in order to improve the efficiency of capital utilization, promote green transformation of 
enterprises, and better serve the development of green economy in China under the new 
development pattern. 
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1. Introduction 

With the gradual deepening of China's reform and opening up, economic development has also 
made remarkable achievements. However, the traditional extensional and extensive economic 
development model has caused huge resource consumption and environmental pollution, and 
has been unable to meet the requirements of green, low-carbon and environmental protection 
development in China under the new development pattern. In order to promote China's 
industrial transformation and upgrading and high-quality economic development, it is urgent 
to give full play to the role of financial institutions in financing, especially the role of green credit 
in supporting green industry and green economic development. Green credit is different from 
ordinary commercial loans. It is a means of credit that focuses on low-carbon economy, circular 
economy and ecological economy by establishing environmental and social risk management 
system, perfecting related credit policy system and process management, and strictly 
preventing credit funds from flowing into polluting industries. Green credit is a new credit 
model based on green finance and will be an important direction for financial institutions to 
release credit funds in the future. Green total factor productivity, as the main indicator of 
sustainable economic growth, is the key to planning China's economic green development. Both 
green credit and green total factor productivity are closely related to China's industrial 
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transformation and upgrading and high-quality economic development. A large number of 
literature studies show that when enterprises have financing difficulties, it has a great impact 
on total factor productivity. Therefore, alleviating the financing problems of enterprises and 
studying the impact of green credit on China's green total factor productivity from the 
perspective of green development are inevitable issues to be considered under the new normal 
of economic development. It has extremely important strategic significance for guiding the 
expansion of green credit business of commercial banks in the future, the coordinated 
development of environment and economy and the formulation of ecological and 
environmental protection policies. 

2. Literature Review 

Most of the existing domestic literature starts from measuring green total factor productivity, 
and then analyzes the factors affecting green total factor productivity. The research mainly 
focuses on analyzing the effects of foreign investment level, environmental regulation, fiscal 
decentralization, financing constraints, urbanization rate and other factors on green total factor 
productivity. In 2009, Li Jun et al. proposed the concept of "Green Total Factor Productivity", 
that is, adding variables reflecting environmental changes into TFP calculation, marking the 
beginning of GTFP research in China. Since then, Chinese literature on measuring green total 
factor productivity has emerged in endlessly, and a series of factors affecting green total factor 
productivity have been studied and analyzed. For example, Zeng Lingling (2021) combined the 
panel data of 30 provincial administrative regions in China from 2005 to 2017 and applied SBM 
(Slack-based Measure) directional distance function and GML (Global Malmquist-Luenberger) 
index estimated green total factor productivity, constructed green finance index system, and 
used entropy method to measure the development level of green finance. It was found that 
green finance can significantly promote the growth of green total factor productivity in the 
whole country, but has a greater effect on coastal areas [1]. Li Kaifeng et al. (2020) used DDF 
function and ML index to calculate the industrial green total factor productivity (GTFP) of 30 
provinces and cities in China from 2005 to 2017, analyzed the impact of green credit on GTFP, 
and pointed out that green credit can significantly improve the industrial green total factor 
productivity and is mainly achieved through the progress of green technology [2]. Shang Juan 
et al. (2021) used and DDF-GML index to measure green total factor productivity based on panel 
data of 30 provinces in China [3]. Xu Sheng (2018) pointed out in his analysis of the effect of 
green credit on industrial structure that the upgrading effect of China's overall green credit 
adjustment on industrial structure is significant [4]. Then can the adjustment and upgrading of 
industrial structure improve green total factor productivity? Zeng Yonghong (2019) used GMM 
model to empirically analyze the dynamic changes of the impact of credit support on the total 
factor productivity level of green enterprises and found that there was a significant U-shaped 
relationship between them [5]. Xu Zhangyong (2020) studied the impact of financial 
development level on green total factor productivity in western China and pointed out that the 
promotion effect of financial development on green TFP was mainly achieved through two ways 
of improving green technological efficiency and green technological progress [6]. Yin Zibo et al. 
established a spatial Dubin model to quantitatively analyze the impact of green finance 
development level on China's green total factor productivity [7]. It is considered that there is a 
"U-shaped" spatial spillover effect between the two. However, there is no objective basis to 
determine the indicator weight of green finance development level by the method of combining 
subjective and objective weights adopted in this paper, especially there is a certain subjective 
assumption in the subjective weight measurement. To see now the focus of most scholars 
research is to use the empirical analysis of green financial model on green, the influence of total 
factor productivity, with little elaboration to the research on the green green green credit in the 
financial total factor productivity, and with the national green credit guide policies introduced 
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gradually, commercial bank green credit strength increasing, With the continuous expansion of 
green credit business, studying the impact of green credit on China's green total factor 
productivity is the significant to guide the green and healthy development of China's economy. 
Compared with China, there are less literatures on the relationship between green credit and 
green total factor productivity in foreign countries, but there are more literatures on green total 
factor productivity. Chung first proposed the effect of pollution emission on economic growth 
in the case of undesired output when calculating Swedish paper mills, and constructed 
malmquist-Luenberger (ML) total factor productivity index considering undesired output 
based on radial Angle directional distance function [8]. Tone(2003) established the SBM model 
based on relaxation variables, which overcomes the non-zero relaxation caused by radial Angle, 
relaxes the radial variation restriction of input-output factors, avoids Angle deviation, and is 
more in line with production reality [9]. Buera, Kaboski and Shin (2011) pointed out that 
financial development promoted the efficient allocation of resources and improved green total 
factor productivity from two aspects of enhancing efficiency and technology channels [10]. 
Felipe et al. (2019) studied the effect of credit conditions on input allocation and their impact 
on overall TFP growth [11]. Through summarizing these literature can be found that some 
foreign scholars on the green, total factor productivity measure, but no further analysis of the 
specific cause of green total factor productivity change and the impact analysis, another part of 
the scholar is to analyze the influence factors of total factor productivity rather than focus on 
green credit this perspective, Therefore, this paper focuses on the impact of green credit on 
green total factor productivity from the perspective of green development. 

3. The Theoretical Analysis 

The effect mechanism of green credit on the improvement of green total factor productivity is 
mainly reflected in the following three aspects: 
(1) Green credit improves green total factor productivity by optimizing capital allocation. 
Commercial Banks in the process of the implementation of green credit, mainly for the green 
industry and provide loans to support projects, through the perfect credit system and credit 
management process, and strictly guard against money into highly polluting enterprises, and 
strictly in accordance with the "green credit guide policy promulgated by the state file to 
determine to grant loans of objects, and the principles and standards, The realization of credit 
funds to actively flow into resource-saving and environment-friendly enterprises, play a good 
role in capital allocation, the relevant enterprises in the bank credit fund support, update 
production equipment, use new technologies and new energy, not only improve production 
efficiency, but also reduce the emission of pollutants. It can be seen that green credit positively 
supports the development of green enterprises, reversely restricts the development of 
polluting enterprises, and improves green total factor productivity through positive and 
negative ways [7]. 
(2) The effect of green credit on green total factor productivity has stages. 
In the short term, most of the enterprises supported by green credit are energy conservation 
and environmental protection enterprises. The industries developed by such enterprises are 
capital-intensive or technology-intensive, and the output cycle is long, so it is difficult to obtain 
economic returns in a short time. As input increases, output decreases, and green total factor 
productivity decreases. At the same time, commercial Banks in implementing green credit will 
increase loan threshold, add more environmental protection requirements, forcing firms to 
invest more funds to improve production technology, updating equipment to reduce energy 
consumption, environmental pollution, these costs in the short term will increase the burden, 
cause extrusion effect on product yield, reduce the production efficiency of the enterprise. In 
the long run, with the expansion of the scale of green credit of commercial bank, the positive 
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carries on the transformation and upgrading, the application of new technology, reduce 
consumption of resources to enhance the level of green development and reduce the pollution 
to the environment of enterprises are more likely to get the support of the commercial bank 
loans and preferential credit policy subsidies, lead to more enterprise attaches great 
importance to the development of green, More actively adopt energy-saving and environment-
friendly technologies for manufacturing. In this process, the advantages of capital and 
technology have greatly improved the production efficiency of enterprises, and the green total 
factor productivity has also been greatly improved. 
(3) The impact of green credit support on green total factor productivity cannot be separated 
from the role of financial institutions. 
From the technical point of view, as a credit intermediary Department, commercial banks 
collect social idle funds and release them by means of loans, which effectively reduces the 
information asymmetry between the two sides of the transaction and alleviates the negative 
impact of financing constraints, which is conducive to promoting enterprises to integrate funds 
to improve production technology and production efficiency.The target of green credit of 
commercial banks is limited to those environmental protection enterprises or green 
enterprises that will use credit funds to control environmental pollution. In this process, 
commercial banks provide more preferential loans to green enterprises, enhance their R & D 
capacity, promote technological innovation and improve their environmental protection 
governance capacity.Secondly, the existence of financial institutions is conducive to resolving 
credit risks, improving enterprise financing willingness and providing financial support for 
enterprises to prevent and control pollution. Some studies have found that the quality of credit 
environment and the supply capacity of credit resources significantly affect the relationship 
between banks and enterprise total factor productivity, indicating that the improvement of 
green financing environment will be conducive to the improvement of green total factor 
productivity. 

4. Measurement of Green Total Factor Productivity and Decomposition 

4.1. Variable Selection and Data Sources 
In terms of measuring green credit, at present, the academic community mainly measures the 
proportion of green credit, the proportion of energy conservation and environmental 
protection loans and the inverse index of the proportion of interest of high energy consumption 
industries. The proportion of energy conservation and environmental protection and the 
proportion of green credit can be obtained from the "Banking Social Responsibility Report" 
published by China Banking Association in past years. The report, however, was based only on 
national data. As the research object of this project is based on the data samples of 30 provinces 
and cities (except Tibet, Hong Kong, Macao and Taiwan) from 2008 to 2017, considering the 
continuity and availability of data, this project refers to the calculation method of green credit 
by Xie Tingting and Liu Jinhua (2019) [13]. The ratio of interest expenditure of six high energy 
consuming industries to the total interest expenditure of industrial industries in each province 
is taken as an inverse indicator to measure green credit. 
In terms of measuring green total factor productivity (GTFP), the traditional total factor 
productivity only takes capital and labor as input variables and economic output value as 
output variables, without considering the impact of energy consumption and pollution 
emissions on productivity measurement. On the basis of traditional total factor productivity, 
green total factor productivity takes energy consumption as an input factor and puts pollution 
emissions, including industrial waste water discharge, industrial solid waste discharge and 
sulfur dioxide discharge, into the framework system of productivity accounting as undesired 
output, as shown in Table 1 below. 
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Table 1. input-output indicators of green total factor productivity 
Primary index Secondary index Index meaning 

investment Labor(𝑥 ) Employed population at the end of each province 

Capital(𝑥 ) Capital investment from zhang jun (2004) [14] estimation 
method, using the perpetual inventory method to estimate: 
𝐾 = 𝐾 (1 − 𝛿) + 𝐼 [17] 

Energy(𝑥 ) Total energy consumption of provinces and cities 

Expected output Real GDP(𝑦) Using the GDP price index, we can get the constant price GDP 
based on 2006 

Unexpected 
output 

(three industrial 
wastes) 

Industrial 
wastewater(𝑏 ) 

Total wastewater discharge in the province 

Industrial solid(𝑏 ) Provincial industrial solid waste discharge 

Sulfur dioxide(𝑏 ) Sulfur dioxide emission of the whole province 

4.2. Measurement Result Display 
Because the traditional DEA method does not need to consider the functional relationship 
between input-output indicators and set preconditions, it is widely used in the study of 
efficiency measurement, but it also has the problem that it can not consider the impact of 
unexpected output on efficiency and the relaxation of input-output variables. Therefore, this 
paper draws lessons from the non radial and non angle SBM model proposed by tone and uses 
maxdea ulta software,Malmquist Luenberger (ML) index method under SBM direction distance 
function is used to calculate the green total factor productivity of 30 provinces (excluding Tibet, 
Hong Kong, Macao and Taiwan) in China from 2008 to 2017, which is further decomposed into 
green technical efficiency and green technological progress. The measurement results are 
shown in Table 2 below. 
 

Table 2. average annual growth rate of provincial green total factor productivity and its 
decomposition items (2008-2017) 

province ML EC TC province ML EC TC 
Beijing 1.1017  1.0000  1.1017  Hunan 1.2445  1.1158  1.1050  
Tianjin 1.2725  1.1039  1.3165  Guangdong 1.1161  0.9621  1.1761  
Hebei 1.2223  1.0399  1.1612  Guangxi 1.1626  1.0119  1.1373  
Shanxi 1.0367  0.9944  1.0437  Hainan 1.1616  0.9751  1.1842  
Inner Mongolia 1.3699  1.2568  1.4852  Chongqing 1.2035  1.0327  1.1654  
Shanxi 1.0367  0.9944  1.0437  Sichuan 1.2020  1.0133  1.1778  
Jilin 1.0955  1.0370  1.0494  Guizhou 1.2219  1.0685  1.1089  
Heilongjiang 1.0430  0.9873  1.0620  Yunnan 1.1454  0.9990  1.1248  
Shanghai 1.1180  1.0000  1.1180  Shaanxi 1.1303  1.0241  1.0909  
Jiangsu 1.2070  1.0202  1.1701  Gansu 1.1469  1.0152  1.1262  
Zhejiang 1.1946  0.9902  1.2096  Qinghai 1.0566  1.0259  1.0251  
Anhui 1.2587  1.0969  1.1513  Ningxia 1.2303  1.0381  1.1495  
Fujian 1.2012  1.0170  1.1785  Xinjiang 1.0787  1.0000  1.0787  
Jiangxi 1.1241  1.0140  1.1006  Eastern Region 1.1718  1.0127  1.1709  
Shandong 1.2483  1.0276  1.2103  Central region 1.1461  1.0394  1.0982  
Henan 1.1125  1.0077  1.1049  Western Region 1.1771  1.0441  1.1518  
Hubei 1.2540  1.0625  1.1688  whole country 1.1147  1.0064  1.0973  
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The ML index calculated in the table represents the change rate of green total factor 
productivity in the adjacent interval, EC is the technical efficiency improvement index, TC is the 
technological progress index. When ML>1, it represents the improvement of green total factor 
productivity from t period to T +1 period; when EC>1, it represents the improvement of 
technical efficiency; when TC>1, it represents technological progress; otherwise, it represents 
a decline. 
Since the measured ML index turns out to be a sequential growth index rather than an absolute 
value, further conversion is required to calculate the GTFP over the years. In this paper, it is 
assumed that the GTFP index of the base year (2008) is 1, and then multiplicated with the ML 
index of GTFP, that is, the GTFP of 2009 is the GTFP of 2008 multiplied by the ML index of 2009. 
According to this rule, the absolute values of green technical efficiency and green technological 
progress of the decomposition terms of green total factor productivity are also calculated. As 
variable values in the model below. 

5. Model Setting 

5.1. Model Setting and Variable Selection 
This paper takes each province as the research object, uses the panel data from 2008 to 2017, 
and uses the systematic two-step generalized matrix estimation method GMM to investigate the 
impact of various factors on green total factor productivity (GTFP), green technical efficiency 
(GEC) and green technological progress (GTP).Therefore, the lag period of green total factor 
productivity is added to the model. At the same time, in order to investigate the lag effect of 
core explanatory variables, the lag period is also introduced. Therefore, the following GMM 
model is obtained: 
 
𝑙𝑛𝐺𝑇𝐹𝑃 , = 𝛽 𝑙𝑛𝐺𝑇𝐹𝑃 ,( ) + 𝛽 𝑙𝑛𝐺𝐶 , + 𝛽 𝑙𝑛𝐺𝐶 ,( ) + 𝛽 𝑙𝑛𝐼𝑆 , + 𝛽 𝑙𝑛𝐹𝐷𝐼 , + 𝛽 ln 𝐻𝐶𝐼 ,

+ 𝛽 𝑙𝑛𝐸𝐷𝐿 , + 𝛽 𝑙𝑛𝐸𝐺𝐼 , + 𝛾 + 𝜀 ,  
 
To further investigate the influence of green credit on the internal path of GTFP, the empirical 
models are set as follows with GEC and GTP as explained variables respectively: 
 

𝑙𝑛𝐺𝐸𝐶 , = 𝛽 𝑙𝑛𝐺𝐸𝐶 ,( ) + 𝛽 𝑙𝑛𝐺𝐶 , + 𝛽 𝑙𝑛𝐺𝐶 ,( ) + 𝛽 𝑙𝑛𝐼𝑆 , + 𝛽 𝑙𝑛𝐹𝐷𝐼 , + 𝛽 ln 𝐻𝐶𝐼 ,

+ 𝛽 𝑙𝑛𝐸𝐷𝐿 , + 𝛽 𝑙𝑛𝐸𝐺𝐼 , + 𝛾 + 𝜀 ,  
 

𝑙𝑛𝐺𝑇𝑃 , = 𝛽 𝑙𝑛𝐺𝑇𝑃 ,( ) + 𝛽 𝑙𝑛𝐺𝐶 , + 𝛽 𝑙𝑛𝐺𝐶 ,( ) + 𝛽 𝑙𝑛𝐼𝑆 , + 𝛽 𝑙𝑛𝐹𝐷𝐼 , + 𝛽 ln 𝐻𝐶𝐼 ,

+ 𝛽 𝑙𝑛𝐸𝐷𝐿 , + 𝛽 𝑙𝑛𝐸𝐺𝐼 , + 𝛾 + 𝜀 ,  
 
Where I represents the province, t represents the year, 𝛾  is a regional characteristic that does 
not change over time, 𝜀 ,  is random interference term.GTFP is green total factor productivity, 
GEC is green technological efficiency and GTP is green technological progress. Considering the 
autocorrelation of variables, a lag period of explained variables is introduced into explanatory 
variables.The core explanatory variable is GC, which represents the level of green credit.Surplus 
is the control variable, is represents the industrial structure, FDI represents foreign direct 
investment, HCl represents the level of human capital, EDL represents the degree of economic 
development, and EGI represents the intensity of environmental governance. 
Considering the availability of data, this paper selects the data of 30 provinces and cities (except 
Tibet) from 2008 to 2017 as the sample. All variables related to price are adjusted to take the 
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constant price in 2008 as the base period. The specific setting of indicators is shown in Table 3 
below. 
 

Table 3. indicators of influencing factors of green total factor productivity 

 index computing method 
Direction 
expectati
on 

1 Green credit (GC) 
Ratio of interest expenditure of enterprises other than the six high 
energy consuming industries to total industrial interest expenditure 
of provinces and regions 

Positive 
/ 
negative 

2 
Industrial 
structure (is) Tertiary industry value / regional GDP just 

3 Foreign direct 
investment (FDI) Foreign direct investment / GDP 

Positive 
/ 
negative 

4 Human capital 
level (HCl) 

Higher education population / employed population just 

5 
Economic 
development level 
(EDL) 

Per capita GDP / national per capita GDP 
Positive 
/ 
negative 

6 
Environmental 
governance 
intensity (EGI) 

Investment in industrial pollution control / GDP 
Positive 
/ 
negative 

Data source: China Statistical Yearbook, China energy statistical yearbook, China 
Environmental Statistical Yearbook, China Industrial statistical yearbook 

5.2. Variable Description and Data Processing 
Table 4. descriptive statistics of variables 

Variable meaning Number of 
samples 

average 
value 

standard 
deviation 

minimum 
value 

Maxim
um 

Green total factor productivity 
(lngtfp) 

310 0.394 0.536 -0.712 2.589 

Green technology efficiency 
(lngec) 

310 0.104 0.234 -0.446 1.238 

Green technology progress 
(lngtp) 

310 0.29 0.489 -0.956 2.308 

Green credit (lngc) 310 -0.83 0.384 -2.365 -0.222 
Industrial structure (lnis) 310 -0.856 0.191 -1.252 -0.216 
Foreign direct investment (lnfdi) 310 -6.862 0.745 -9.606 -4.669 
Human capital level (lnhcl) 310 0.358 0.441 0.048 4.571 
Economic development level 
(lnedl) 

310 -0.011 0.432 -1.088 1.191 

Environmental governance 
intensity (lnegi) 

310 -2.25 0.463 -3.486 -0.742 

 
From the descriptive statistical results in Table 4 below, the average value of green total factor 
productivity is 0.394, the minimum value is -0.712, the maximum value is 2.589, the average 
value of green technical efficiency is 0.104, the minimum value is -0.446, the maximum value is 
1.238, and the average value of green technological progress is 0.29, the minimum value is -
0.956, and the maximum value is 2.308, indicating that the green total factor productivity of all 
provinces in ChinaThere are great differences between green technology efficiency and green 
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technology progress.The average value of the core explanatory variable green credit is -0.83, 
the standard deviation is 0.384, the minimum value is -2.365 and the maximum value is -0.222, 
indicating that there are obvious regional differences in China&apos;s green credit level and 
the implementation of green credit policy is not strong enough.There are significant regional 
differences in other control variables such as industrial structure, foreign direct investment, 
human capital level, economic development and environmental governance intensity, which 
will also have a significant impact on green total factor productivity and its decomposition 
items, which is of great significance for in-depth investigation of the impact of green credit on 
green total factor productivity. 

5.3. Analysis of Empirical Results 
Table 5. basic regression analysis 

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

varibles 
static model dynamic model 

OLS FE RE SYS-GMM 

L.lngtfp     1.003***    
    (-24.03) 

lngc 0.256** 0.0228 0.193 -0.661*** 
 (-2.90) (0.13) (1.600 (-3.30) 

L.lngc    0.763*** 
    (4.05) 

lnis 0.774*** 2.451*** 1.484*** 0.335 
 (3.37) (7.68) (5.08) (1.60) 

lnfdi 0.0210 0.0154 0.00858 0.0614 
 (0.48) (0.32) (0.19) (1.84) 

lnhcl -0.0185 0.204* 0.0607 -0.163 
 (-0.23) (2.42) (0.78) (-1.58) 

lnedl -0.266* -0.116 -0.523*** -0.0180 
 (-2.45) (-0.48) (-3.95) (-0.22) 

lnegi 0.185 0.277* 0.348*** 0.0864 
 (1.62) (2.07) (2.97) (0.71) 

constant 1.833*** 3.166*** 2.640*** 1.166** 
 (4.50) (7.32) (6.33) (3.59) 

Hausman  49.93   

AR(2)( P value)    0.560 

Hansen(P value)    0.955 

Notes to the table: 1) l.lngtfp indicates the lag period of the variable (the same below); 2) the 
numbers in brackets under the coefficient are t statistics, *, * * and * * * indicate significant at 
the levels of 10%, 5% and 1% respectively; 3) the Hausman test result is greater than zero, 
indicating that it is more reasonable to select the fixed effect model in the static panel 
regression. 4) AR (2)It is a second-order autocorrelation test, and the test value is greater than 
0, indicating that there is no second-order autocorrelation in the disturbance term. 5) Hansen 
is an over identification test for instrumental variables, and the test value is greater than 0.1, 
indicating that all instrumental variables are valid. The same as table 1. Data source: sorted by 
the author. 
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In this paper, stata16.0 is used to estimate the model. Due to the endogenous problem caused 
by the possible interaction between the explained variable (green total factor productivity) and 
the explanatory variable (green credit), a systematic two-step generalized matrix estimation 
method (GMM) is adopted to estimate the impact of green credit and other control variables on 
green total factor productivity. 
Before System GMM model estimation, in order to compare the measurement results of static 
panel model and dynamic panel model, the least square method (OLS), static panel fixed effect 
(FE) and static panel random effect (RE) are used to estimate the model respectively, and finally 
system-gmm estimation is used.It can be seen that the static panel model ignores the dynamic 
impact of the lag of the explained variable and the core explanatory variable, and the estimation 
results will produce large estimation errors compared with the dynamic panel model.Table 5 
below shows the results of different model estimates. 
It can be seen that in the static model (1), the method does not take into account the 
heterogeneity of individuals.In the static model (2), it is the estimation result of the fixed effect 
model Fe, which considers the difference of individual heterogeneity compared with OLS.Static 
model (3) is the estimation result of random effect model re.Dynamic model (4) is the result of 
System GMM estimation, which avoids the error caused by the endogenous problem of gtfp lag 
term. 
Through comparison, it can be found that the result of sys-gmm estimation is more significant, 
and the coefficient of the core explanatory variable green credit (lngc) changes positively and 
negatively, but the coefficient of its lag period (l.lngc) is significantly positive, indicating that 
the impact of green credit policy has a delayed impact, and the current green credit policy will 
have a positive impact on the green total factor productivity of the next period.Under the static 
panel fixed effect model, other control variables such as industrial structure (lnis), human 
capital level (lnhcl) and environmental governance intensity (lnegi) have a significant positive 
impact on green total factor productivity, while the coefficients of foreign direct investment 
(lnfdi) and economic development level (lnedl) are not significant, indicating that under the 
current level of economic development,These two variables are not enough to have a direct and 
significant impact on green total factor productivity. 
Table 6 below shows the effects of green credit (lngc), industrial structure (lnis), foreign direct 
investment (lnfdi), human capital level (lnhcl), economic development (lnedl) and 
environmental governance intensity (lnegi) on green total factor productivity (lngtfp) and its 
decomposition item green technical efficiency (lngec) under the conditions of two-step 
estimation (twostep) and robust standard error (robust)And the overall estimation results of 
the impact of green technology progress (lngtp). 
From the regression results, model 1 represents the regression results when the explained 
variable is lngtfp, model 2 represents the regression results when the explained variable is 
lngec, and model 3 represents the regression results when the explained variable is lngtp. AR 
(2) of the three modelsThe values are greater than 0.1, indicating that there is no second-order 
autocorrelation in the disturbance term, and the system GMM estimation is consistent. In 
economic growth, endogeneity is a common problem. The existence of endogeneity often makes 
the model estimation results inaccurate, and the role of instrumental variables in empirical 
analysis is particularly important. Therefore, Hans is selected in this paper to test the 
effectiveness of the selected instrumental variablesEN J statistics tests whether there is over 
identification of instrumental variables. And the P values of Hansen J statistics are greater than 
10%, indicating that the original assumption that "all instrumental variables are exogenous" 
cannot be rejected at the significance level of 10%, that is, instrumental variables are effective. 
Therefore, it can be seen that the model setting is reasonable and the estimation results have 
strong reliability. 
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The lag term (l.lngtfp, l.lngec, l.lngtp) coefficients of green total factor productivity and its 
decomposition items are significantly positive (1% significance level), indicating that the 
explained variables have obvious "prophase dependence"That is, the green total factor 
productivity accumulated in the early stage will promote the improvement of green total factor 
productivity in the current period. Every 1% increase in green total factor productivity in the 
early stage will increase the green total factor productivity in the current period by about 1%. 
Similarly, every 1% increase in green technology efficiency in the early stage will increase the 
green technology efficiency in the current period by about 0.7%, and every 1% increase in 
green technology progress in the early stage willDriving the progress of green technology in 
this period by 0.986%. 
 

Table 6. econometric regression results of the impact of national sample green credit on 
green total factor productivity 

 Model I Model II Model III 
 GTFP GEC GTP 

L.lngtfp 
1.003***   

(24.03)   

L.lngec 
 0.736***  

 (8.04)  

L.lngtp 
  0.986*** 
  (21.18) 

lngc 
-0.661** 0.145 -0.875*** 

(-3.30) (1.77) (-5.01) 

L.lngc 
0.763*** -0.154 0.977*** 

(4.05) (-1.71) (6.63) 

lnis 
0.355 -0.162 0.517* 

(1.60) (-0.97) (2.47) 

lnfdi 
0.0614 -0.00840 0.0741* 

(1.84) (-0.43) (2.60) 

lnhcl 
-0.163 -0.0480 -0.0106 

(-1.58) (-1.44) (-0.24) 

lnedl 
-0.0180 0.0140 -0.0518 

(-0.22) (0.33) (-0.50) 

lnegi 
0.0864 0.0933 0.0263 

(0.71) (1.16) (0.26) 

Constant term 
1.166** -0.0384 1.188*** 

(3.59) (-0.26) (3.77) 

AR(2) 
0.58 0.94 1.00 

(0.560) (0.347) (0.319) 

Hansen J 
28.60 23.34 30.57 

(0.955) (0.994) (0.923) 

 
In the regression results of core explanatory variables, green credit has a significant negative 
impact on the current gtfp (5% significance level), and green credit will have "green efficiency 
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improvement" and "green technology recession" on the current GEC and GTPBut the impact on 
the improvement of green efficiency is not significant. The main reason is that the enterprise 
will not immediately bring economic profits to the enterprise when it applies for green credit 
from the bank to invest the fund in the actual production and operation, such as purchasing 
new equipment, adopting new technology, hiring professionals, controlling pollution, etcFor 
loans, more funds must be invested to control pollution. In the short term, it will increase the 
burden of enterprises, cause crowding out effect on product production and reduce the 
production efficiency of enterprises. Therefore, it has no positive impact on the improvement 
of green total factor productivity in the current period. 
Further research shows that green credit has a significant positive impact on the improvement 
of green total factor productivity and green technology progress in the next period. The impact 
coefficient of green credit on gtfp in the next period is 0.763, and the impact coefficient on GTP 
in the next period is 0.977, which is significant below the level of 1%. Due to the active 
transformation and upgrading and application of new technologies in the early stage, resource 
consumption is reducedIn order to improve the level of green development and reduce 
environmental pollution, enterprises are more likely to obtain the support of commercial bank 
loans and preferential credit policy subsidies, so as to promote more enterprises to pay 
attention to green development and more actively adopt energy-saving and environmental 
protection technology for production and manufacturing. In this process, financial and 
technological advantages greatly improve the production efficiency of enterprises and make 
green total factor productivityAt the same time, these enterprises also have stronger financial 
strength to improve production technology and promote the progress of green technology. 
By examining the control variables, it can be found that the industrial structure has a positive 
impact on the current GTFP, but this effect is not significant. Because the upgrading of industrial 
structure is affected by policy and technological uncertainties, it needs to go through a "labor 
pains period"Therefore, the industrial structure has no significant positive impact on the 
improvement of gtfp in the current period. Foreign direct investment has no significant positive 
impact on gtfp. The main reason is that foreign direct investment has accelerated the pace of 
introducing new technologies in China. The application of new technologies has improved the 
production efficiency of enterprises and further promoted the improvement of green total 
factor productivity. The level of human capital has an impact on gtfpThe negative impact is 
mainly due to the single level of human capital, the crowding of homogeneous talents, the lack 
of high-tech core talents and the shortage of structural talents, which restricts the improvement 
of GTFP in China. The improvement of economic development did not promote the rise of GTFP 
as expected, mainly because China's economy maintained a high growth rate from 2008 to 
2017.At the same time, the traditional extensive growth mode has led to the deepening of 
resource shortage and environmental degradation, which hinders the improvement of GTFP in 
China. The intensity of environmental governance has a positive impact on GTFP to a certain 
extent, but the result is not significant. It may be that the government must invest funds to 
reduce the "three wastes" in order to control pollution.However, the low efficiency of capital 
utilization has led to the continuous increase of capital investment, but the effect of 
environmental governance is not good. 

5.4. Robustness Test 
In order to test the robustness of the model, the quantile regression method is used to test the 
model with lngtfp as the explanatory variable. The quantile points are 0.5, 0.6 and 0.9 
respectively. The test results are shown in Table 7 below. It can be seen that the regression 
results in this paper are relatively robust. 
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Table 7. quantile regression test results  
0.5Quantile 0.6Quantile 0.9Quantile 

VARIABLES lngtfp lngtfp lngtfp 
lngc 0.284** 0.383*** 0.498***  

(-0.123) (-0.124) (-0.167) 
L.lngc -0.540* -0.540* -0.951**  

(-0.3) (-0.303) (-0.41) 
lnis 0.777** 0.934*** 1.834***  

(-0.33) (-0.334) (-0.45) 
lnfdi -0.0123 0.00334 0.0597  

(-0.059) (-0.0597) (-0.0806) 
lnhcl -0.0666 -0.0923 -0.24  

(-0.14) (-0.141) (-0.19) 
lnedl -0.327** -0.392** -0.450**  

(-0.159) (-0.161) (-0.217) 
lnegi 0.168 0.238 0.564**  

(-0.169) (-0.171) (-0.231) 

Note to the table: *, * *, * * * respectively indicate significant at the level of 10%, 5% and 1%, 
and the values in brackets are Z values. 

6. Main Conclusions and Recommendations 

6.1. Research Conclusion 
Firstly, this paper studies and combs the research of scholars at home and abroad, and puts 
forward the action mechanism of green credit affecting green total factor productivity. Then, 
based on the panel data of 30 provinces and cities in China from 2008 to 2017, the paper uses 
the Malmquist-Luenberger(ML) index method under the SBM direction distance function to 
calculate the green total factor productivity of 30 provinces in China.Then, the static panel 
model is constructed, which is estimated by the least square method (OLS), fixed effect (FE) and 
random effect (RE) respectively. At the same time, the dynamic panel model (GMM) is also 
constructed to analyze the dynamic changes of the impact of green credit on green total factor 
productivity. The following research results are obtained: 
First,China's green total factor productivity is on the rise as a whole, but there are significant 
differences in regional development, showing the regional distribution characteristics of "high 
in the east and low in the west". 
Second, the improvement of green credit level has no significant negative impact on the current 
green total factor productivity, but has a significant positive impact on the next green total 
factor productivity. 
Third, green credit can significantly improve green total factor productivity, which is mainly 
realized through green technology progress rather than green technology efficiency. 
Fourth, industrial structure, foreign direct investment and environmental governance intensity 
all have a positive effect on the improvement of green total factor productivity, but blind 
economic scale expansion and unreasonable talent structure may inhibit the further 
improvement of green total factor productivity. 

6.2. Policy Recommendations 
Under the new development pattern with the domestic major cycle as the main body and the 
domestic and international double cycles promoting each other, international transfer of 
pollution prevention and control is inevitable. It is of great practical significance for China's 
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green economic transformation to continue to strengthen the domestic green credit support for 
energy-saving and environment-friendly enterprises. In this regard, the following policy 
suggestions are put forward. 
1) Carry out credit extension according to local conditions and accurately implement credit 
policies. 
As the main body of green credit, commercial banks can adopt different green credit guidance 
according to the differences between the efficiency of green technology and the stage of green 
technology progress in the eastern and central and western regions. Local governments should 
give full play to their subjective initiative, implement policies according to local conditions, do 
a good job in system design, build a multi-level capital market according to regional 
characteristics, and gradually break through regional restrictions,realizing the sharing of 
resources, excellent talents, information and technology. The eastern region should play a 
leading role in radiating the surrounding areas, innovate the green credit financing mode and 
improve the green credit development system. At the same time, the central and western 
regions should speed up the reform of the financial system, encourage enterprises to introduce 
and absorb the green technology and management experience of advanced regions, and 
promote the growth of green total factor productivity, so that green credit can really serve the 
green real economy and help realize industrial transformation. 
2) Improve financing channels and accelerate the development of green industries. 
Green industry is not only an important driving force to realize resource conservation and 
environmental protection, but also an important pillar to realize green development in China. 
However, the risks of clean technology transformation faced by green industry and the 
contradiction between supply and demand caused by imperfect green product market 
mechanism have exacerbated the risk and uncertainty of enterprises, resulting in "difficult and 
expensive financing".Therefore,the green industry needs more capital support from the 
financial system to promote the improvement of green total factor productivity and green 
technological progress. First, government departments should adhere to the concept of green 
development,formulate appropriate green credit policies, give preferential credit support to 
enterprises that meet the requirements of clean production, energy conservation and 
environmental protection, and provide preferential credit support to enterprises with high 
energy consumption and high pollution.Enterprises with pollution and high emission should be 
restricted to a certain extent, so that credit funds can flow towards enterprises with less 
pollution and high environmental benefits, help enterprises solve capital problems and 
promote green transformation in China.Secondly, we should continue to deepen the reform of 
the GEM market system,accelerate the reform of the registration system, encourage enterprises 
with green production technology to list on the gem and give full play to their capitalThe direct 
financing function of the market gives the green industry the maximum financial support. 
3) We will improve the efficiency of resource allocation in the financial market and strengthen 
the supervision of green credit. 
At present, China's banking system is still centered on state-owned large banks. The monopoly 
position of state-owned banks makes China's financial system lack of competitiveness.Funds 
are preferentially allocated to large enterprises, resulting in the lack of effective financial 
support for small and medium-sized enterprises. The micro main body of China's green 
transformation development often focuses on the technological upgrading and energy saving 
and consumption reduction of small and medium-sized enterprises.Therefore, the financial 
system still has many problems.To be improved, we must further pay attention to the unique 
advantages of localized small and medium-sized banks in supporting green loans for small and 
medium-sized enterprises, and improve the efficiency of optimal allocation of funds in the 
financial market. 
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In addition, banks and other financial institutions should also strengthen the supervision of 
green credit, strengthen the audit of green industry financing, and use the limited funds on the 
"blade", conduct a comprehensive assessment of the environmental and social responsibility 
reports of enterprises, continue to provide green credit support to enterprises that really use 
funds for green technology upgrading, and "two high and one surplus" for those who use green 
loans to cover loss costsEnterprises will terminate their loan support, make more funds flow to 
environment-friendly enterprises, and force more enterprises to pay attention to green 
development. 
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