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Abstract

:

This study explores China’s green credit policy from a credit risk perspective. Green finance has been growing rapidly in China since the government issued its Green Credit Policy. The objective of this study is to explore whether green loans are less risky than non-green loans. Based on a five-year dataset of 24 Chinese banks, we used panel regression techniques, including two-stage least square regression analysis and random-effect panel regression to examine whether a higher green credit ratio reduces a bank’s non-performing loan ratio (NPL ratio). The results suggest that allocating more green loans to the total loan portfolio does reduce a bank’s NPL ratio. We conclude that institutional pressure by the Chinese Green Credit Policy has a positive effect on both the environmental and the financial performance of banks. The study contributes to the literature on the correlation between green lending and credit risks, as well as to the literature on the impact of institutional pressure on environmental and financial risks.
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1. Introduction


The financial sector can both promote and hinder a cleaner environment [1]. Banks, for instance, can choose to lend money to clean or dirty industries. Due to their key role in providing capital to all economic sectors, banks and other financial institutions have a great deal of leverage in transitioning to a greener economy.



For 25 years, banks and other investors have addressed environmental issues through voluntary codes of conduct, such as the United Nation’s (UN) Environment Programme’s Financial Initiative [2], the Equator Principles for Project Finance [3], and the UN Principles for Responsible Investment (UNPRI) (www.unpri.org). Involvement in these voluntary initiatives helps signatories improve their reputation, public recognition, and risk management when coupled with stricter standards and increased transparency [4].



Newer developments have gone beyond voluntary codes of conduct to establish regulations and mandatory guidelines for green financing. Both the European Union and the European Banking Federation have issued guidelines for green and sustainable finance [5,6], and a number of largely industrializing countries, mostly members of the Sustainable Banking Network hosted by the International Finance Corporation (IFC), have introduced sustainability regulations for banks. China is the largest member of this group, and their 2007 Green Credit Policy has been addressed in many academic studies. The Green Credit Policy requires banks to offer green credit for environmental protection, emission reduction, and energy conservation projects, as well as restrict loans to high-pollution, high-emission, and overcapacity industries. In addition to reducing environmental harm, the policy also strives to reduce the financial risks that have been identified in heavily-polluting industries, with the intended added benefit of improving financial sector stability [7,8,9].



However, research studies present mixed results with regard to increasing the lending to greener clients and decreasing financial credit risk at the same time. While Hill [10] criticized Chinese banks for applying green credit guidelines only to domestic projects while ignoring international ones, Jiguang and Zhiqun [11] discussed missing carbon pricing policies that are in line with the Green Credit Policy. Furthermore, Zhang, et al. [12] and Zhao and Xu [8] discussed the implementation issues of the policy [8,10,11,12]. However, it is important to ask whether the Green Credit Policy has been able to de-risk the financial industry and provide more green credit at the same time.



The study conducts an empirical assessment of the Green Credit Policy’s success. We used the non-performing loan (NPL) ratio as a performance indicator for credit risk. An NPL is a loan in which the debtor fails to make scheduled payments for at least 90 days. The research objective is to understand the financial risks associated with green lending in comparison to conventional lending. Consequently, our research question is whether an increase in green lending decreases the NPL ratio of Chinese banks.



Using a sample of 24 Chinese banks, we applied panel regressions using a two-stage least square regression analysis (2SLS) and random-effect panel regression (RE) to examine whether the Chinese banks’ green finance practices actually reduce financial risk. The results suggest that higher green loan ratios reduce non-performing loan (NPL) ratios. We conclude that institutional approaches, such as the Chinese Green Credit Policy, are able to increase the ratio of green credit in lending portfolios and reduce credit risks.



The results contribute to knowledge about the institutional impact of financial sector sustainability regulation on credit risk [13]. Furthermore, the study advances the scholarship on the financial risks of green loans [14,15], and fills a gap in the research on the effect of the Chinese Green Credit Policy on green lending.




2. Background


This section provides historical context for the Chinese Green Credit Policy and outlines current research addressing the policy. In 2007, the State Environmental Protection Administration (SEPA), the People’s Bank of China (PBOC), and the China Banking Regulatory Commission (CBRC) published a joint policy: the Opinion on Implementing Environmental Regulations and Managing Credit Risks [7,16]. The policy requires banks to allocate more investment toward green industries, constrain investments in polluting and overcapacity industries (high-pollution, high-emission, and overcapacity, also known as “two-high and one-over”), and withdraw financing from prohibited industries that have been primarily targeted for their negative environmental impact.



Pollution control facilities, environmental protection and infrastructure, renewable energy, circular economics, and environmentally-friendly agriculture all qualify for loans with reduced interest rates under the policy [8,9]. Loans to polluting industries have to be limited and even withdrawn when environmental controversies or regulatory non-compliance occur [17]. These regulations are compulsory for all Chinese banks, regardless of ownership structure, and thus cover government-owned banks, joint-stock banks, and credit unions [16].



To support the transformation to a greener economy, Chinese banks introduced environmental policies, strategies, and assessment systems to evaluate credit clients [18]. Subsequently, additional guidelines were put in place to support the development of the Green Credit Policy. In 2009, the China Banking Association issued guidelines on corporate social responsibility, asking banks to take on environmental responsibility in supporting national industrial policies and environmental policies. The CBRC issued a formal document entitled the Green Credit Guideline in 2012. The guideline encouraged “banking institutions to, by focusing on green credit, actively adjust credit structures, effectively fend off environmental and social risks, better serve the real economy, and boost the transformation of an economic growth mode and adjustment of economic structures” ([16], p. 1).



In 2014, the Chinese Banking Association, along with 29 banks, initiated a Green Finance Committee to organize activities, such as developing a green bonds standard, facilitating environmental stress tests for the banking sector, and organizing discussions about greening China’s overseas investment. In December 2015 and January 2016, the People’s Bank of China (PBOC) and the National Development and Reform Commission (NDRC) released their Green Bond Guidelines, making China the first country in the world to publish official rules for the issuance of green bonds [19].



The impact of the release of the Green Credit Policy in 2007 is reflected by the growth of green credit. By the end of 2015, China’s financial institutions provided a total of 8.08 trillion RMB (approximately 1.24 trillion USD) in green credit. The 21 major banks and financial institutions granted 7.01 trillion RMB in green credit, amounting to 9% of their total outstanding loans. In a press release in September 2016, the CBRC claimed that the balance of energy-saving and environmental protection projects and services of the 21 major banks’ non-performing loans was 22.625 billion, or 0.41% in terms of NPL ratio, which is a value that is 1.35% lower than the NPL ratio of all of the loans. The China Banking Regulatory Commission [20] also claimed that the overall quality of energy-saving and environment protection projects and services was excellent, and that these projects and services are saving 435 million tons of CO2 per year.




3. Literature Review


Whether the Green Credit Policy has achieved its stated environmental objectives or not remains an open question [8,10,11,12]. Some studies suggest that the Green Credit Policy, similar to other policies that integrate environmental and financial objectives [21,22,23], has had a positive influence on sustainable development [24,25], while others provide a critical view of its effect on sustainable development [17].



Studies on green lending outside of China suggest that integrating sustainability criteria has increased the quality of the credit risk assessment significantly and contributed to decreasing the NPL ratio [14,26]. Furthermore, it has been found that lenders price the corporate social responsibility (CSR) risks of their borrowers into the interest rates they offer [27], that borrowers with higher environmental performance have both a higher financial performance and lower credit risks [15], and that there is a correlation between credit spread and corporate social responsibility (CSR), since borrowers with low corporate social performance (CSP) pay higher interest rates than borrowers with high CSP [28]. Also, greater environmental concerns appear to line up with higher costs of debt, and proactive environmental practices correlate with lower costs of debt [29,30].



Studies on green lending elsewhere in Asia are less frequent. Mengze and Wei [31] found that China is comparable to the Republic of Korea and Thailand with regard to the integration of environmental risks into credit risk management. Other Asian countries, such as Bangladesh, have recently introduced green credit policies, but the impact of these policies has yet to be studied [26]. With regard to CSR generally, the Asian financial sector has been strong with regard to its environmental impact. Indeed, the Asian financial sector often performs better its North American counterparts in addressing environmental concerns [32].



While all of these studies suggest that green lending improves banks’ risk of credit exposure, they do not address the institutionally quite distinct Chinese banking system. Furthermore, one recent study analyzed the financial performance of Chinese banks, but neither address credit risks nor the NPL ratio [13].



Most research on the Chinese Green Credit Policy is conceptual, and conducted from a public policy-maker’s perspective on the Green Credit Policy rather than from a credit risk research perspective. For instance, Jin and Mengqi [17] argued that there are weaknesses in the Green Credit Policy, such as the lack of a standard, poor communication of environmental information between banks and corporations, over-intervention by regional governments, the need for more knowledge and awareness of environmental risks and opportunities for banks, and a lack of new green credit products.



Ye and Li [33] stated that the development of green credit needs to be backed up by policies such as risk compensation and guaranteed funding. Instead, the Green Credit Policy focuses on restrictions. Consequently, the lack of subsidization as a policy tool for reducing the costs of green lending is seen as barrier to adoption [34]. Similarly, Wang and Zhang [35] suggested that the low interest and high risks associated with green credit should be compensated for. However, there is some evidence that the Green Credit Policy improves the environmental risk performance of commercial banks [13,36,37,38]. Furthermore, Zhao [39] found that the Green Credit Policy has a positive effect on energy-saving, emissions reduction, and economic development, while Zhang and He [40] found that green lending supports environmentally-friendly industries.



The mixed results and the lack of empirical studies analyzing the financial risks of green credit leaves a gap, since current studies about financial risks and opportunities of green lending either focus on the content of the Chinese Green Credit Policy [41] or on the financial consequences of green lending outside of China [26]. However, it has been suggested that the growth in green lending following the implementation of the Green Credit Guidelines might create win–win situations [17,31]. However, other scholars suggest that only if banks have the capacity to assess environmental and social risks and opportunities in their credit risk assessment, would they see a reduction of credit risks [42], and increase the green credit ratio [43]. Therefore, understanding the consequences of mandatory green lending policies on credit risks is important for both policymakers and lenders, since environmental and financial performance is often seen as a trade-off [1].



In line with other studies analyzing credit risk to lenders [44,45], we used the NPL ratio for our credit risk indicator, as the main goal of this study is to analyze the impact of green lending on lenders’ risks rather than individual risk to borrowers. The NPL ratio has been found to be a good predictor of lenders’ risk by a number of studies that also analyzed the economic and institutional impact on the NPL ratio [46,47]. Therefore, in line with other studies with similar goals [44,45,48], we used the NPL ratio as our measure of risk.



Consequently, this study analyzes the impact of the green credit ratio on lenders’ NPL ratio. We hypothesize that a higher ratio of green lending decreases the NPL ratio.




4. Theory


Theoretically, this study is based on institutional theory [49] and credit risk theory [50]. First, the increase of green credit is driven by the Green Credit Policy as an institutional mechanism forcing Chinese banks to increase green lending. The national government and many regional governments support Chinese green firms and projects, incentivizing investment in green business activities while decreasing their risk [7,51,52]. This leads to coercive institutional isomorphism caused by political influence and maintaining legitimacy [49]. All types of Chinese banks, whether governmental or public, have to follow the Green Credit Guidelines if they want to maintain their full legal license. Therefore, they all engage in green lending and follow the standardized operational procedures.



Second, credit risk theory outlines the components of credit risk. Theoretically, credit risk can be explained through a borrower’s capital stock, earnings, liquidity, and other related financial and management indicators recognized as credit risks that influence the borrower’s ability to repay the loan [50,53,54]. Lenders that integrate environmental and sustainability indicators into their credit risk assessment should have a lower NPL ratio, because the environmental performance of borrowers influences their credit risk, and therefore is an additional significant credit risk assessment indicator [14,27,29].




5. Methods


We used the NPL ratio because it is a widely accepted indicator of how much risk a lender holds at a specific point in time [55,56]. A NPL is a loan in which the debtor fails to make scheduled payments for at least 90 days. Hence, a NPL is either in default or close to being in default of repayment. Typically, once a loan is considered non-performing, the likelihood that it will be repaid in full is low.



The NPL ratio is the amount of non-performing loans relative to all loans, expressed as a percentage. Studies suggest both macroeconomic and bank-specific determinants affect the NPL ratio of a bank [45]. Using the NPL ratio to analyze credit risk is in line with many other studies analyzing the credit risk to both Chinese lenders [57,58,59,60] and lenders in other countries [46,48,61]. The rationale for using the NPL ratio instead of the restructured loans ratio is that it has been characterized as an indicator that is able to predict banking crises [62], that its definition is clearer than other measures (failure to pay for 90 days), and that it is used as an indicator by financial regulators. Furthermore, loans could also be restructured for other reasons than being at risk of default. This is particularly true in China, where loans have a history of being restructured for political reasons [63].



5.1. Regression Model


To test the influence of green credit on the NPL ratio of the banks in the sample, a two-stage least square (2SLS) regression model has been used, because many economic models are endogenous [64]. The Durbin–Wu–Hausman test [65] has been applied to test whether the 2SLS model is more efficient than the random-effect model. In fixed models, the error term and constant cannot be correlated with other variables. Moreover, a fixed-effects model can be biased because of the incidental parameters problem [66]. In contrast, a random-effects model is preferred, because it analyzes two sources of variance: variance between subjects and variance within the subject over time [67]. The random-effects model assumes that differences across entities have an influence on the dependent variable, and that omitted or unobserved variables are not correlated with the observed variables [68].



Endogeneity can arise because of (1) model misspecification or omitted variables; (2) measurement errors; or (3) simultaneity [64,69]. A 2SLS regression model is commonly used to address endogeneity through the use of instrumental variables. The instrumental variables must be correlated with the endogenous variables, but should not correlate with the error term [64].



Our 2SLS model starts with replacing the endogenous variable (proportion of green credit) with a predicted version, which was formed by regressing this variable on all of the exogenous variables and instrumental variables. The predicted endogenous variable is then used to regress the dependent variables (see Equation (1)).



Equation (1): Two-stage least squares model


      First   stage :  X ^  = γ 0 + γ 1 Z + γ 2 W + u       Second   stage : Y = β 0 + β 1  X ^  + β 2 W + u      



(1)




where



  X ^   = predicted the management’s decision on the proportion of green credit in terms of total loans,



Y = NPL ratio,



Z = instrumental variable (type of bank),



W = exogenous variables (credit quality, Return on Assets (ROA), cost efficiency, solvency, size of bank).



The basic 2SLS estimation model is composed of the dependent variable (Y), endogenous variables (X), instrumental variables (Z), and exogenous variables (W). The model is in line with Berger and DeYoung [70], Louzis, Vouldis, and Metaxas [61], and Ghosh [45]. The following section describes the dependent, instrumental, endogenous, and exogenous variables used in the model.




5.2. Dependent Variable


The NPL ratio is the dependent variable in this model. Year-end NPL ratio is used to reflect the credit risk at a certain point in time (Equation (2)).



Equation (2): NPL ratio


  NPL   ratio =   NPL    (  year − end  )    Total   loans   oustanding    (  year − end  )     



(2)







The proportion of green credit to total loans (POGC) is the predicted management’s decision on the proportion of green credit relative to total loans (Equation (3)). Our hypothesis assumes that POGC influences the NPL ratio negatively.



Equation (3): Proportion of green credit to total loans (POGC)


  POGC =   Green   credit   balance    (  year − end  )    Total   outstanding   loans    (  year − end  )     



(3)








5.3. Instrumental Variable


In addition to endogenous variables, we controlled for instrumental variables. For instance, the type of bank matters due to government influence. Those banks that have strong connections with the government, such as state-owned banks and development banks, are more responsive to the Green Credit Policy than non-state owned banks. National joint-stock banks and city commercial banks are also influenced by the government to a certain degree. In line with Weber [13], the type of bank is coded on an ordinal scale of 1 to 5 (city commercial banks = 1, postal savings bank = 2, national joint-stock commercial banks = 3, state-owned commercial banks = 4, policy banks = 5). The scale reflects the government influence on the banks.




5.4. Exogenous Variables


The credit quality (or ‘loan loss provision to total loans’) reflects a bank’s credit quality (see Equation (4)). Low credit quality is often explained as a result of moral hazard [71], and obviously has an influence on the NPL ratio.



Equation (4): Credit quality


    CQ   it   =     Loan   loss   provision   it       Total   loans   it      



(4)







Often, high NPL ratios are found in banks with a low ROA [72]. Banks with a lower ROA might take higher credit risks to increase their returns. Therefore, we add ROA as an exogenous variable (Equation (5)).



Equation (5): ROA


    ROA   it   =     Net   profits   it       Total   assets   it      



(5)








5.5. Efficiency


The efficiency effect is controversial. The ‘skimping hypothesis’ and the ‘bad management hypothesis’ [70] both apply to this indicator. The ‘skimping hypothesis’ suggests that banks with fewer resources to monitor loans are more cost-efficient. In contrast, the ‘bad management hypothesis’ argues that substandard managers often grant low-quality loans. These two effects offset each other. Hence, the overall effect of efficiency (see Equation (6)) on the NPL ratio is ambiguous.



Equation (6): Efficiency


    INFF   it   =     Operating   expenses   it       Operating   income   it      



(6)








5.6. Solvency


The solvency ratio (see Equation (7)) is used to reflect the bank’s leverage. According to Berger and DeYoung [70], a low solvency ratio indicates a ‘moral hazard’ issue, and might lead to a higher NPL ratio.



Equation (1): Solvency ratio


    SOLR   it   =     Total   equity   it       Total   assets   it      



(7)








5.7. Bank Size


The ‘too-big-to-fail hypothesis’ underlines the importance of this indicator. In larger markets, banks commonly take risks, as they may seek government protection in the case of failure [73]. Therefore, this indicator is expected to influence the NPL ratio positively. We used the proportion of a bank’s assets compared to all of the assets in the sample as an indicator for the size of a bank (see Equation (8)).



Equation (8): Bank size


    SIZE   it   =     Total   assets   it      ∑  i = 1   24     Total   assets   it      



(8)







The endogenous, exogenous, and instrumental variables that are used in the model are presented in Figure 1.





6. Sample


Banks were selected based at least on one of two criteria. First, the banks that are considered “major banks” in China were included. Second, publicly listed banks were also considered for our sample. According to the CBRC, 21 “major banks” exist, including all policy banks, state-owned commercial banks, and national joint-stock commercial banks, as well as the Postal Savings Bank of China. Publicly listed banks were selected because they disclose annual reports that allow for the creation of the dataset needed for our analysis. The disclosure requirements are set by the China Securities Regulatory Commission (CSRC). As of September 2016, a total of 33 banks were listed on either the Shanghai Stock Exchange (SSE), the Shenzhen Stock Exchange (SZSE), or the Hong Kong Stock Exchange (SEHK) for global investors.



Initially, 39 banks met at least one of the two criteria. The original list of bank included three policy banks, five state-owned commercial banks, 12 national joint-stock banks, one postal savings bank, 14 city commercial banks, and four rural commercial banks. Due to the non-availability of data, 15 of these banks were removed from our dataset. The remaining banks in the sample are presented in Table 1.



Financial data was gathered from the stock exchange websites and the official websites of the banks. Green credit data has been collected from CSR, environmental, and sustainability disclosures. The data has been published based on key indicators set by a “Notice of the China Banking Regulatory Commission on Key Performance Indicators of Green Credit Implementation” [74]. The CBRC notice describes the indicators that measure the performance of Chinese banks with regard to the Green Credit Policy. For instance, banks should disclose credits to projects for environmental protection and emission reduction for loans for emerging strategic industries for energy-saving and environmental protection, new energy, and new-energy vehicles.



Data between 2009 and 2015 has been collected. We did not use data before 2009 for two reasons. First, the CBRC issued the first guidelines on environmental responsibility for banks in 2009, rendering previous data inconsistent with post-2009 data. Second, from 2006 to 2008, a substantial portion of non-performing loans were restructured and outsourced to ‘bad banks’ prior to the initial public offerings (IPO) of many large Chinese banks. The outsourcing caused an abrupt and significant change in the NPL ratio between 2006–2008 [75].



To deal with missing data, we imputed the missing green credit data based on the compound annual growth rate (CAGR). CAGR has been used, because the green credit balance accumulates over time, and therefore missing values can be estimated based on the multiple year growth. However, banks with less than three years of green credit balance data were excluded from the sample, as this would be insufficient to produce reasonable estimates. The restriction excluded 13 of 39 banks from our sample. Along with the exclusion of the Agricultural Development Bank of China (ADBC) and Bank of Guiyang due to the lack of financial data, we analyzed a sample of 24 banks. The reduction of the sample reduced the total assets of the sample by only 9%. The sample still represents 72% of the total assets of Chinese banks between 2009–2015 [76]. Thus, the sample can be seen as representative of the Chinese banking sector.



Half of the remaining banks did not require any data imputation, while 33% had a green credit balance available for five or six periods, requiring imputation for only one or two periods, and only 17% needed imputation for three or four periods. To test the influence of the data imputation on the sample, we used an unpaired t-test to analyze the green credit ratio with and without data imputation across all of the years. The difference was not significant (p = 0.74, t = 0.34, N = 271).




7. Results


The results section presents the descriptive results first. Then, we will present the results of the regression models. The descriptive statistics for the variables used in the regression models are presented in Table 2.



The average green credit ratio (POGC) over all of the years is 3.4% with 4.8% in 2015 and 2.3% in 2009. This result suggests an increase in green lending, but also that the green lending ratio is still relatively small. Furthermore, Table 2 shows that the variables increase during the period between 2009 and 2015, indicating a growth in the Chinese financial sector. The only exception is “inefficiency”, which is decreasing over time.



Furthermore, we present correlations between the independent and dependent variables in Table 3. Only solvency has a significant correlation with a proportion of green credit. However, there are correlations between the independent variables that have to be controlled in the multivariate regression model.



An explorative correlation analysis split by the type of banks indicated that the highest correlation between the green credit ratio and the NPL ratio exists for state-owned commercial banks. The lowest correlation has been found for national joint-stock commercial banks.



Regression Models


Before calculating the regression models, an ANOVA was used to test the differences between types of banks with regard to their NPL ratio. The models are significant (p < 0.0001, F = 11.97). Significant differences appeared between state-owned banks and all of the other types of banks. State-owned banks have smaller NPL ratios than other banks. The differences between all other types of banks are not significant.



In order to avoid artifacts because of the distribution of the independent and dependent variables, we used transformation after conducting a ladder test [77]. Based on the results of the ladder test, we used the transformation with the lowest Chi2 value for the new normalized distribution. Table 4 presents the variables and the respective transformation. The following regression models use the normalized variables.



The results of the regression analyses based on the random-effects model (RE, Model 1) and on the two-stage least square model (2SLS, Model 2), including the standardized beta coefficients for the second stage model, are presented in Table 5. They suggest significant effects of the green credit ratio (POGC) on the NPL ratio (coefficientRE = −0.058, coefficient2sls = −0.231, p = 0.001). The results suggest that banks with a larger POGC have a lower NPL ratio. In addition, we tested one-year to five-year lagged models that did not suggest significant results.



In order to analyze whether Model 1 or Model 2 are valid, we conducted a Hausman test [65]. The test resulted in p = 0.7008 (Chi2 = 3.82), indicating the existence of endogeneity for Model 1 (RE). Therefore, the fixed 2SLS model (Model 2) will be used for further analysis. In addition, we analyzed multicollinearity using the variance inflation factor (VIF). The average VIF is 1.37 with the ROA having the highest VIF with 1.67. These values are far below the threshold value of five [78]. Therefore, we can assume that the results are not influenced by collinearity. Furthermore, the root mean square error (Root MSE) is near 0, indicating the goodness of fit of the first-stage model. The mean of the residuals is   x ¯   = 0.00, with a standard deviation of sd = 0.03.



In addition, we conducted a robust regression analysis using the banks as clusters to control for outliers and the influence of the banks on the result. The results suggest the same r2 for the regression function with a statistical significant coefficient for the green credit ratio (p = 0.048). Finally, we used the leave-one-out method to analyze whether the model holds if one or more banks are removed from the sample. The leave-one-out method resulted in a pseudo r2 = 0.346, with a Root MSE = 0.020 and a mean absolute error MAE = 0.015. These results suggest that the model is still valid.



The standardized beta coefficients presented in the last column of Table 5 indicate that the influence of the green credit ratio on the NPL ratio is higher than the influence of the other independent variables, respectively. The 2SLS model suggests that a 1% increase in the green credit ratio reduces the NPL ratio by 0.00231. Furthermore, as expected, the credit quality has a significant effect on the NPL ratio (coefficientCredit quality = 0.047). The ROA has a significant negative impact on the NPL ratio (coefficientROA = −158.19), while the impact of inefficiency is significant as well (coefficientinefficiency = 0.002). Furthermore, the size of the banks (coefficientsize = 0.011) has a significant impact on the NPL ratio, while the influence of solvency is not significant (coefficientsolvency = 0.144). Finally, there is no significant influence of the year. The model explains 39% of the variance of the NPL ratio with p < 0.00001.



Though the Hausman test indicated the appropriateness of a random model [79], we also conducted a fixed-effects regression model. The model is also significant (p < 0.001).





8. Conclusions


This paper addresses the current lack of empirical studies examining the Chinese Green Credit Policy with regard to its impact on the banks that it regulates. Current studies, including Hu and Cao [38], Aizawa and Chaofei [7] and Wei [36], focus on the analysis of the policy’s content rather than its consequences for credit risk. Other studies addressed implementation issues [12] or analyzed the consequences of the policy from a macro-level perspective [17,39]. Finally, another group of studies explored the correlation between financial return indicators and banks’ environmental performances [13].



Our study provides empirical evidence for the benefits that the Green Credit Policy creates for Chinese banks with regard to reducing credit risks. Our results suggest that banks with a higher ratio of green lending have a lower NPL ratio. This result is in line with other empirical studies, which find positive correlations between the environmental performance of borrowers and their credit risk in other countries and regions [14,26,27,29]. These studies also found a positive correlation between the integration of green lending criteria into credit risk management and the resulting credit risk. The study broadens current knowledge, primarily because it addresses Chinese banks and the institutional influence of a green financial policy, such as the Chinese Green Credit Policy.



The results contribute to institutional theory by demonstrating that the Green Credit Policy caused institutional pressure [4] to increase green lending. Based on institutional theory, our results could be explained as following: the Chinese Green Credit Policy applied coercive institutional pressure to increase the green loan ratio. This increase has a positive effect not only on the environment, but also on the credit risk of Chinese banks, because green borrowers bear lower risks than non-green borrowers. The higher risks of borrowers from polluting industries can be explained by the Chinese policy that strives to reduce the overcapacity in polluting industries, because they are both polluting and carry lower profits due to the lower demand for their products [9]. Therefore, being environmentally unfriendly creates a material risk for borrowers, and being green reduces that risk.



Related to credit risk theory, environmental risks influence major credit risk components, such as Altman’s [50] liquidity, profitability, and solvency ratio directly because of higher environmental costs and less income from non-green businesses. Furthermore, higher interest rates for polluting borrowers and even restrictions with regard to access to credit reduce their solvency and activity ratio. Therefore, a combination of institutional theory and ratio analysis [80] delivers the theoretical background for explaining our results.



Although some studies found a relatively low institutional pressure on firms to perform well with regard to CSR in China [81], the implementation of the Green Credit Policy may have created institutional pressure on the Chinese financial sector, because it addresses both the environment and financial performance. Therefore, Chinese banks take CSR seriously [82], and increase their green lending. Furthermore, their commercial borrowers also increase their environmental performance because of both institutional [83] and market pressure [28,84].



Also, government subsidies that offered to encourage projects for energy conservation, emission reduction, and ecological environmental protection [85,86], could have contributed to the decrease of the NPL ratio. Since the government may withdraw its subsidies in the future, it is unclear how much of the lower NPL is driven by subsidization.



The study also finds that that the degree of central government ownership of banks has a significant effect on how much green credit a bank allocates. Banks with large amounts of shares controlled by the State and state-owned enterprises (SOEs), such as policy banks and state-owned commercial banks, are more willing to allocate a large proportion of green credit according to the results of the two-stage model. This is in line with the works of Lardy [87] and Zhang, Yang, and Bi [12] who suggest that state-owned commercial banks function as an extension of the country’s policy in helping achieve economic targets.



Furthermore, our results contribute to credit risk theory by adding the environmental performance of borrowers to the list of indicators explaining commercial credit risk [50,53,54]. The environmental performance of borrowers has a significant impact on their credit risk, and therefore can be used as an additional credit risk assessment indicator in order to improve the validity of credit risk assessment in the Chinese context. The research complements other studies with similar results that have been conducted in different countries and regions [14,27,29].



Similar to other studies, exogenous variables also have a significant impact on the NPL ratio of Chinese banks. The significant impact of credit quality [71], ROA [72], and inefficiency, as well as the size of a bank [73] suggests that the NPL ratio of Chinese banks is influenced by variables that also have an effect on the NPL ratio of banks outside of China. Therefore, implementing a green lending policy might be an effective way to decrease lending risks.



Other countries’ financial regulators and governments issue guidelines and regulations for green finance. The recent publications by the European Banking Federation [6] and the High-Level Expert Group of the European Commission on Sustainable Finance [5] emphasize the connection between green finance and financial stability in a similar way to the Green Credit Policy. This study can deliver insight into parallel efforts from a Chinese perspective, suggesting that research might address the impact of green lending on credit risk in Europe and other regions to see if these findings hold elsewhere.



Further research addressing the Chinese Green Credit Policy and its implications are needed. Still, a key limitation is the lack of green credit data, which is worsened by the general lack of data on credit risk over longer time periods. Since Chinese regulators ask for the disclosure of policy related key performance indicators (KPIs), future research should be based on more frequent and more reliable data. Additionally, individual credit scoring models, such as Altman’s z-score model [50], could be used to analyze the risks of green and non-green borrowers. Furthermore, comparative research between the Chinese Green Credit Policy and similar initiatives elsewhere would broaden the knowledge about the effect of green lending regulations. Finally, studies addressing the potential of the policy with regard to the growth of green lending might shine a light on the opportunities of financial sustainability regulations.
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Figure 1. Regression model. 
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Table 1. Banks in the sample.






Table 1. Banks in the sample.





	Bank
	Type of Bank





	China Development Bank (CDB)
	Policy bank



	Industrial and Commercial Bank of China (ICBC)
	State-owned commercial bank



	China Construction Bank (CCB)
	State-owned commercial bank



	Agricultural Bank of China (ABC)
	Policy bank



	Bank of China Limited (BOC)
	State-owned commercial bank



	Bank of Communications (BOCOM)
	State-owned commercial bank



	China Merchants Bank (CMB)
	Joint-stock commercial bank



	Shanghai Pudong Development Bank (SPD)
	Joint-stock commercial bank



	China Minsheng Banking (CMBC)
	Joint-stock commercial bank



	Industrial Bank (CIB)
	Joint-stock commercial bank



	China Citic Bank (CNCB)
	Joint-stock commercial bank



	China Everbright Bank (CEB)
	Joint-stock commercial bank



	Ping An Bank
	Joint-stock commercial bank



	Hua Xia Bank (HXB)
	Joint-stock commercial bank



	China Guangfa Bank (CGB)
	Joint-stock commercial bank



	China Bohai Bank (CBHB)
	Joint-stock commercial bank



	Bank of Beijing (BOB)
	City commercial bank



	Bank of Nanjing
	City commercial bank



	Bank of Shanghai (BOS)
	City commercial bank



	Bank of Jiangsu
	City commercial bank



	Bank of Ningbo
	City commercial bank



	Bank of Chongqing
	City commercial bank



	Harbin Bank
	City commercial bank



	Bank of Zhengzhou
	City commercial bank
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Table 2. Descriptive statistics. POGC: proportion of green credit to total loans; NPL: non-performing loan.
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	Year
	Indicator
	POGC
	NPL Ratio
	Return on Assets
	Inefficiency
	Solvency
	Size
	Credit Quality





	2009
	Average
	2.3%
	1.2%
	0.9%
	48.2%
	5.0%
	4.2%
	2.1%



	
	SD
	2.2%
	0.6%
	0.3%
	11.0%
	1.2%
	5.8%
	0.6%



	2010
	Average
	2.4%
	0.9%
	1.0%
	45.3%
	5.4%
	4.2%
	2.1%



	
	SD
	2.6%
	0.4%
	0.2%
	10.5%
	1.0%
	5.6%
	0.5%



	2011
	Average
	2.7%
	0.7%
	1.2%
	43.8%
	6.0%
	4.2%
	2.3%



	
	SD
	2.9%
	0.3%
	0.2%
	11.8%
	0.9%
	5.5%
	0.6%



	2012
	Average
	3.5%
	0.8%
	1.2%
	42.8%
	5.9%
	4.2%
	2.4%



	
	SD
	3.4%
	0.3%
	0.2%
	12.1%
	0.9%
	5.2%
	0.5%



	2013
	Average
	3.8%
	0.8%
	1.2%
	42.0%
	6.1%
	4.2%
	2.4%



	
	SD
	3.5%
	0.2%
	0.2%
	11.2%
	0.7%
	5.1%
	0.5%



	2014
	Average
	4.5%
	1.1%
	1.1%
	40.1%
	6.4%
	4.2%
	2.6%



	
	SD
	4.8%
	0.2%
	0.2%
	9.8%
	0.9%
	5.0%
	0.5%



	2015
	Average
	4.8%
	1.4%
	1.0%
	38.2%
	6.7%
	4.2%
	2.8%



	
	SD
	5.2%
	0.3%
	0.2%
	9.4%
	1.0%
	4.8%
	0.6%



	Total
	Average
	3.4%
	1.0%
	1.1%
	42.9%
	5.9%
	4.2%
	2.4%



	
	SD
	3.7%
	0.4%
	0.2%
	11.1%
	1.1%
	5.2%
	0.6%
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Table 3. Correlation between the independent and dependent variables (*: p < 0.05; **: p < 0.01)
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	NPL Ratio
	ROA
	Size
	Credit Quality
	Efficiency
	Solvency





	Return on Assets
	−0.15
	
	
	
	
	



	Size
	0.35 **
	0.29 **
	
	
	
	



	Credit quality
	0.54 **
	−0.01
	0.33 **
	
	
	



	Inefficiency
	−0.01
	−0.43 **
	−0.15 *
	−0.05
	
	



	Solvency
	0.07
	0.53 **
	0.29 **
	0.15
	−0.31 **
	



	Green credit proportion
	−0.08
	−0.12
	0.12
	−0.10
	−0.12
	−0.36 **
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Table 4. Variable transformation.






Table 4. Variable transformation.





	Variable
	Transformation





	Proportion of green credit
	Square root



	NPL ratio
	Square root



	ROA
	Square



	Size
	Log



	Credit quality
	Log



	Inefficiency
	1/square



	Solvency
	identity
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Table 5. Results of the random-effects model (RE) and two-stage least square model (2SLS). NPLR: non-performing loan ratio; MSE: mean square error.
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Model 1 (RE)

	
Model 2 (2SLS)

	




	

	
NPLR

	
First Stage (POGC)

	
Second Stage (NPLR)

	
Second Stage (NPRL), Standardized Coefficients






	
POGC

	
−0.058 (p < 0.0001)

	

	
−0.231 (p = 0.001)

	
−0.759




	
Type of bank

	

	
0.036 (p < 0.0001)

	

	




	
Credit quality

	
0.038 (p < 0.0001)

	
0.046 (p = 0.084)

	
0.047 (p < 0.0001)

	
0.464




	
ROA

	
−236.43 (p < 0.0001)

	
−85.51 (p = 0.598)

	
−158.19 (p = 0.001)

	
−0.539




	
Inefficiency

	
0.003 (p = 0.001)

	
0.012 (p = 0.001)

	
0.002 (p = 0.012)

	
0.479




	
Solvency

	
0.275 (p = 0.084)

	
−1.67 (p = 0.806)

	
0.144 (p = 0.441)

	
0.124




	
Year

	
−0.001 (p = 0.467

	
0.004 (p = 0.221)

	
0.001 (p = 0.386)

	
−0.007




	
Size

	
0.005 (p = 0.002)

	
0.003 (p = 0.756)

	
0.011 (p < 0.0001)

	
0.588




	
Constant

	
1.44 (p = 0.375)

	
−8.59 (p = 0.223)

	
−1.45 (p = 0.483)

	
14.033




	
Model significance

	
p < 0.00001

	
p < 0.00001

	
p < 0.00001

	




	
R-sq

	
0.4055

	

	
0.390

	




	
Obs

	
168

	
168

	
168

	




	
Root MSE

	

	
0.031
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