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The issue of sustainable development in financial institutions has become a primary concern for both the industry and investors. This study proposes a comprehensive decision-making method by integrating Cumulative Prospect Theory (CPT) with the traditional TOPSIS model for the sustainability assessment of commercial banks. Building on previous research, this study establishes a multi-criteria framework under the Global Reporting Initiative (GRI) that includes five major dimensions: economic, social, environmental, governance, and financial, along with 15 indicators. The study employs this model to conduct a comprehensive evaluation of five Chinese commercial banks. The results indicate that the Bank of China (BOC) ranked first in sustainability performance, particularly excelling in the environmental dimension compared to the second-ranked Industrial and Commercial Bank of China (ICBC), highlighting the importance of environmental indicators in the sustainability assessment of commercial banks. Empirical analysis shows that this model considers cognitive biases at the psychological level while accounting for uncertainties and risk preferences, offering significant advantages over the entropy-weighted TOPSIS model. The contribution of this paper lies in the pioneering introduction of Cumulative Prospect Theory into the study of sustainable development in Chinese commercial banks, combined with 15 related indicators under the GRI framework, providing new theoretical and practical insights for banking performance and sustainability research. This model effectively narrows the gap between the sustainability assessment practices of large Chinese commercial banks and international standards and holds promise as a useful tool for analyzing and improving sustainable development strategies in the banking sector.
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1 Introduction

Currently, the sustainable development of many enterprises, especially banks, is receiving increasing attention from managers and various investors (Buallay, 2020; Méndez-Suárez et al., 2020). The Global Reporting Initiative (GRI) framework provides guidance for corporate sustainability reporting, covering multiple aspects such as economic, environmental, and social governance, which have been widely adopted and practiced, becoming an important reference for investors (Orazalin and Mahmood, 2020; Stocker et al., 2020). Notably, John Elkington first proposed the Triple Bottom Line (TBL) performance reporting, defining economic, social, and environmental performance (ESG) as core indicators of corporate sustainability (Güler and Yildirim, 2020). However, sustainability cannot be simply reduced to these three basic dimensions. Although the interaction between governance and environmental and social dimensions has not yet received widespread attention, its importance is increasingly evident (Mooneeapen et al., 2022). Aras and Crowther emphasized that, in addition to environmental, social, and governance aspects, finance should also be considered a key dimension of sustainability (Aras and Crowther, 2008). Financial institutions, particularly banks, play a crucial role in economic growth and stability, hence their focus on sustainable development is particularly important. In this context, Aras et al. (2018a), in their study on the sustainability of Turkish banks, proposed a five-dimensional corporate sustainability model, covering economic, environmental, social, governance, and financial disclosure, and demonstrated its effectiveness. By the end of 2022, six Chinese state-owned commercial banks and 12 joint-stock commercial banks had published multiple sustainable development and social responsibility reports according to the GRI. To further understand these reports, Hussain et al. (2018) conducted an in-depth study on the relationship between corporate governance and triple bottom line performance, using content analysis to examine corporate sustainability reports in depth, concluding that good corporate governance can positively impact sustainability performance. Roca and Searcy (2012) used content analysis to reveal the use of common sustainability indicators in different company reports, providing valuable insights into how companies report their sustainability performance. Additionally, the Multi-Criteria Decision Making (MCDM) model, as an effective decision-support tool, is widely applied in GRI assessments. Through MCDM, different sustainability standards and schemes can be compared and analyzed based on quantified evaluation indicators, enabling a comprehensive assessment of their effects. Among the various methods of MCDM analysis, the TOPSIS method is one of the most widely used, particularly in evaluating and ranking alternative options and decisions in different industries, attracting widespread attention from researchers and practitioners (Behzadian et al., 2012). The main advantages of this method lie in its simplicity, dimensionality reduction, and flexibility in data format, making it a powerful decision-making tool (Tzeng and Huang, 2011). Currently, the application areas of TOPSIS are very broad. For example, in performance evaluation and supplier selection, Chaharsooghi and Ashrafi (2014) proposed the neofuzzy TOPSIS to find optimal solutions for supplier selection problems. Memari et al. (2019) combined intuitionistic fuzzy sets with TOPSIS, developing the Intuitionistic Fuzzy TOPSIS method (IF-TOPSIS) for dealing with fuzzy and uncertain problems in supplier selection decisions. Dos Santos et al. (2019) used Entropy-TOPSIS-F to evaluate the performance of green suppliers and validated its effectiveness. Elsayed et al. (2017) applied the entropy-weighted TOPSIS method to assess the performance of major banks in the kingdom, completing performance ranking and alternative selection. These methods enhance the reliability and efficiency of TOPSIS in decision-ranking problems under different situations by improving the calculation of weights and handling of uncertainties. This improvement not only increases the flexibility of the model but also enhances its potential application in complex and uncertain environments.

However, the traditional TOPSIS method fails to fully consider the inherent psychological cognition involved when decision-makers make decisions based on evaluation scores (Aydogmuş et al., 2022). This suggests that decision outcomes may be influenced by subjective factors, such as perception, memory, and cognition (Turner et al., 1994). Investors, when considering corporate investments, typically assess the risks and growth potential of enterprises based on methods of risk management and financial evaluation (Altman, 1968). Throughout the decision-making process, subjectivity plays a central role, and each decision could be influenced by the decision-makers' viewpoints on specific industries and investment inclinations. Irrational factors, such as subjective experiences, might distort the psychological cognition of objective outcomes (Shefrin and Statman, 1985; Kahneman and Tversky, 2013). This distortion can lead to cognitive biases such as loss aversion and probability distortion, resulting from people's asymmetric reactions to gains and losses (Tversky and Kahneman, 1992), which in turn could lead to investment decision errors and capital losses. Therefore, relying solely on the traditional TOPSIS method for evaluating corporate GRI might not adequately reflect the real situation of investors, especially when considering irrational factors in decision-making. To more accurately and effectively assess the GRI evaluation, and capture the impact of subjective judgments on decision outcomes, we can incorporate Prospect Theory into the evaluation system. By combining the TOPSIS method with Prospect Theory, we assess the GRI of Chinese commercial banks and integrate psychological cognition factors into the evaluation process. The combination of Prospect Theory and TOPSIS has been applied in many studies (Li and Chen, 2014; Cun-bin et al., 2015; Zhu et al., 2023), but in specific applications, the Prospect Theory-TOPSIS model has apparent disadvantages in probability weighting and predictive capability compared to Cumulative Prospect Theory (Tversky and Kahneman, 1992). Considering that traditional models might not adequately capture the impact of irrational factors that investors may experience in the decision-making process, adopting a method that integrates Cumulative Prospect Theory into the traditional TOPSIS model seems more appropriate. The application of this combined method may provide an effective way to assess the impact of irrational factors in an uncertain environment, thereby potentially producing more accurate GRI assessment results.

The novelty and contribution of this study lie in the following aspects: building upon previous research, this study has developed a multi-criteria framework that incorporates 15 indicators across five dimensions: economic, social, environmental, governance, and financial. This framework aims to bridge the gap between the sustainability assessment practices of Chinese commercial banks and international norms. Notably, this study introduces the Cumulative Prospect Theory, offering a fresh theoretical and applied perspective to the current research on banking sustainability.



2 Literature review


2.1 Sustainable development indicators and investment under the GRI framework

The role of the Global Reporting Initiative (GRI) sustainability reporting guidelines in investment can be traced back to early studies. Willis examined the relationship between GRI and investment, and the results showed that GRI guidelines significantly improved the quality of information regarding companies' environmental, social, and economic impacts and performance, bringing their reporting level on par with financial reporting. This provided the Socially Responsible Investment (SRI) community and other stakeholders with more reliable information, enhancing the transparency and reliability of investment decisions (Willis, 2003).

Building on this foundation, scholars, after recognizing the effective role of GRI in investment strategies, have directed their research toward specific GRI indicators, focusing on their role in corporate sustainability. For instance, Weber et al. found that the adoption of GRI indicators was positively correlated with a company's financial performance. Specifically, transparent sustainability reporting helps improve a company's financial health and market performance, particularly with improvements in Environmental, Social, and Governance (ESG) aspects directly reflecting on the company's financial results (Weber et al., 2008). Hussain et al. (2018) from the perspective of the Triple Bottom Line, studied the relationship between corporate governance in GRI and corporate sustainable performance, emphasizing the importance of GRI governance indicators.

Among the literature on the relationship between GRI sustainability and corporate performance and governance, financial institutions like banks, as key components of modern enterprises, have also been widely focused on their role in sustainability. For example, Ielasi used the BESGI score to measure the sustainable performance of banks and found that the BESGI scoring system comprehensively evaluates banks' performance in ESG aspects, emphasizing the synergy between these dimensions. Environmental management practices and social responsibility initiatives, for example, can improve a bank's overall sustainability score (Ielasi et al., 2023).

Avrampou from the perspective of leading European banks, explored measures to promote sustainable development goals, including improving environmental management, strengthening social responsibility, and enhancing corporate governance. These measures significantly improved banks' sustainability performance and provided valuable references for other financial institutions (Avrampou et al., 2019). Furthermore, Khan et al. (2011) studied the sustainable reports of major commercial banks in Bangladesh based on GRI, highlighting the crucial role of GRI's environmental and social dimension indicators in the sustainable development of banks.

The above represents the progress in international academic research. In China, the impact of GRI has also been confirmed. Yang et al. empirically studied the effectiveness of GRI sustainability reports on Chinese listed companies. The results showed that GRI reports have a significant positive impact on the financial performance of Chinese listed companies, increasing their market value and transparency, enhancing investor confidence, and improving corporate image (Yang et al., 2021). Additionally, Dong et al.'s (2020, 2023) studies further revealed the sustainability of the Chinese financial sector and the quality and importance of “green finance” disclosure, indicating that “green finance” disclosure helps improve corporate image and market competitiveness, promoting the sustainable development of the financial sector.

Overall, current literature indicates that GRI has had a significant impact on corporate investment, including banks. International scholars have focused on the role of GRI indicator dimensions, such as financial, environmental, and social governance, on investment. Some scholars have also set up GRI indicator frameworks based on their research objects. However, regarding current research in China, there is still a lack of an effective GRI indicator framework to effectively measure corporate sustainability and guide investment. This is one of the issues this study aims to address.



2.2 TOPSIS method

In today's economic environment, sustainability assessment has become a core focus for enterprises. However, providing reliable and objective sustainability assessments for businesses has always been a challenging task. Past research has attempted to quantify these assessments using various methods, among which multi-criteria decision-making techniques (MCDM) are one of the most focused upon technologies (Erol et al., 2011; Hsu et al., 2015). The main purpose of these techniques is to provide decision-makers with a comprehensive assessment tool across multiple criteria or dimensions.

Particularly, the TOPSIS method, as a multi-criteria decision-making approach, has been widely applied in sustainability studies of banking. For example, Yilmaz and Ine assessed the sustainability performance of banks using the TOPSIS method along with the balanced scorecard approach. Their study provided banks with an effective framework to quantify and assess their performance in economic, environmental, and social domains (Yilmaz and Nuri Ine, 2018). On the other hand, Aras et al. explored the value relevance of multidimensional corporate sustainability performance in banking. Their findings indicated that the multi-dimensional sustainability performance assessments using the TOPSIS method can provide valuable information for investors and stakeholders (Aras et al., 2018b). Overall, the TOPSIS method offers an objective and comprehensive framework for assessing the sustainability performance of enterprises, particularly in the banking sector. With increasing focus on corporate social responsibility and sustainability, we can anticipate the TOPSIS method playing an even more significant role in future sustainability research.

In summary, Cumulative Prospect Theory demonstrates its unique value and potential for application across multiple fields, particularly in investment and sustainable development. These studies not only enhance our understanding of decision-making behavior under uncertainty but also provide valuable tools and frameworks for practical decision-making.



2.3 Cumulative Prospect Theory

Cumulative Prospect Theory (CPT) is a well-known model in the field of decision theory, specifically used to describe how people make decisions under uncertainty. Wakker and Tversky (1993) provided an axiomatic description of this theory, highlighting its significant divergence from traditional expected utility theory in dealing with risks and uncertainties.

In the field of investment, Cumulative Prospect Theory has become an important tool for analyzing and describing investor behavior. Bernard and Ghossoub (2010) explored the application of CPT in the context of static portfolio selection models, examining how investors choose portfolios when faced with risk. More recent studies, such as those by Zhao et al. (2021) and Gong et al. (2018) have further expanded the application of this theory, introducing new methods based on intuitionistic fuzzy multi-attribute decision-making and portfolio optimization, respectively.

At the same time, Cumulative Prospect Theory has also begun to be applied in the field of sustainable development. Liu et al. (2017) provided a sustainable assessment model for the siting of photovoltaic power stations based on gray cumulative prospect theory, specifically focused on a case study in Northwest China. Meanwhile, Chai et al. (2023) combined intuitionistic fuzzy and interval-valued fuzzy multi-criteria decision-making approaches to explore sustainable supplier selection based on CPT.

Combining Cumulative Prospect Theory (CPT) with the TOPSIS method can compensate for the deficiencies of using a single method. CPT has unique advantages in handling uncertainty and risk, while the TOPSIS method is widely and effectively applied in multi-criteria decision making. By integrating these two methods, a more comprehensive and objective framework can be provided to evaluate corporate sustainability performance, particularly in complex and uncertain environments. This combination can better capture a company's performance across different dimensions, providing more comprehensive and reliable information for investors and stakeholders.



2.4 Banking sustainability performance indicator system

Under the GRI framework, although there has been a considerable amount of research on sustainability, Stauropoulou and Sardianou (2019) pointed out that there is still a lack of a single method and indicators to comprehensively measure sustainability performance. Especially for the banking sector, assessing a bank's sustainability within the GRI framework is quite time-consuming and expensive, as it requires domain expertise (Karimi et al., 2022). Due to such intensive and laborious data collection, some scholars have conducted scientific studies using the most useful information in banking sustainability. Fatih identified 17 factors related to banking sustainability across three dimensions: economic, social, and environmental (Ecer and Pamucar, 2022). They not only demonstrated the significant impact of the environmental dimension on banking sustainability but also concluded that “average return on equity,” “electricity usage,” “number of branches,” and “number of employees” are four key drivers affecting the sustainable development of banks. Sobhani et al. (2012) investigated the disclosure of sustainability in annual reports and websites of 29 Islamic and traditional banks in Bangladesh through content analysis. The results, based on the extensive sustainable development indicators derived, showed that the performance in environmental and social dimensions was more effective than in the economic aspect.

On this basis, Aras et al. (2018a) believed that banks' balanced improvement in all dimensions of sustainable development is generally more effective in enhancing their overall scores and market competitiveness than scoring extremely high in just one or a few dimensions. Focusing on the Turkish banking industry, he comprehensively and detailedly identified representative indicators of banks' sustainable development in economic, social, environmental, financial, and governance dimensions, increasing the accuracy and efficiency for subsequent researchers.

In the economic dimension of banking sustainable development, Sheila and Ruslim (2023) found that the capital adequacy ratio positively impacts bank value. This further proves that investors can obtain more information about a bank's capital adequacy through sustainability reports, leading to wiser investment decisions. Avkiran also supported this viewpoint. He explored the relationship between the DEA super-efficiency estimates of Chinese banks and financial ratios, confirming that economic indicators such as capital adequacy ratio are important reflections of banking performance and health (Avkiran, 2011). This not only helps investors more comprehensively understand the economic condition of Chinese banks but also provides a basis for a more in-depth analysis of China's banking industry sustainability reports.

Additionally, Stauropoulou and Sardianou's (2019) research proposed a comprehensive sustainability index for assessing the economic, environmental, and social dimensions of the banking industry. The study particularly involved indirect emissions and electricity consumption in the environmental dimension and branches in the social dimension, providing banks with a comprehensive sustainability assessment reference.

In light of this, fully respecting the findings of the aforementioned literature, we integrated 15 indicators across five dimensions: economic, social, environmental, governance, and financial. This is aimed at constructing a more effective bank sustainability performance assessment indicator system based on the GRI framework. The specific indicators are shown in Table 1.


TABLE 1 Sustainable performance index framework.

[image: Table 1]




3 Methods

The framework of this study is primarily divided into two key stages:

First, the construction of an evaluation index system and the determination of its weights. After establishing the evaluation system, we use the entropy weight method to normalize the matrix and calculate the comprehensive weight of each index.

Second, the sorting and optimization of results. To more comprehensively consider the risk preferences of decision-makers, this study incorporates Cumulative Prospect Theory into the evaluation process. To reduce the subjective bias that decision-makers might have when choosing reference points, we select positive and negative ideal solutions as the reference points for Cumulative Prospect Theory (Su and Sun, 2023). By calculating the distance between the evaluation indices and the reference points, we construct positive and negative prospect value matrices, and further process these matrices using the TOPSIS method to obtain the final ranking results. The entire evaluation process is illustrated in Figure 1.


[image: Figure 1]
FIGURE 1
 CPT-TOPSIS.



3.1 Entropy weight method for weight calculation

The Entropy Weight Method (EWT) utilizes the original evaluation information of the evaluation indices to determine their utility values. This method determines the weight of each index based on its degree of variation using information entropy, and it uses entropy weight to revise these weights (Shannon, 1948). The basic steps (Huang, 2008) are as follows.

Firstly, construct the evaluation matrix. Suppose there are m alternative schemes, each with n evaluation indices, then the evaluation matrix is:

[image: image]

In the formula: xij—the actual score value of the i index for the j design scheme.

Next, the matrix is normalized. The meanings of positive and negative index values are different (the higher the value of a positive index, the better; the opposite is true for a negative index). Therefore, heterogeneous algorithms are used for the data normalization of positive and negative indices.

The positive index:

[image: image]

The negative index:

[image: image]

Calculating the proportion of evaluation object i under indicator j.

[image: image]

Calculate the entropy value of the i index.

[image: image]

[image: image]

Calculate the entropy weight of the i index.

[image: image]
 

3.2 CPT-TOPSIS evaluation method and calculation steps

To reduce the subjectivity in personal preference when choosing reference points, we use positive and negative ideal solutions as decision references. The positive ideal solution represents the optimal attribute value of each alternative under the same index; when used as a reference point, it leads decision-makers to pursue risks due to potential losses. Conversely, the negative ideal solution represents the worst attribute value of each alternative under the same index; under this reference point, decision-makers exhibit a risk-averse attitude when facing gains (Su and Sun, 2023). After determining the reference points, we calculate the distance between the attribute values of each evaluation index of the alternatives and the reference points, thus constructing positive and negative prospect value matrices. Further, using the prospect value matrix and cumulative prospect weights, we calculate the comprehensive cumulative prospect value of each alternative to determine their priority ranking. The specific calculation process (Wu et al., 2019; Sha et al., 2021) is as follows:

Firstly, construct a decision-making scheme matrix. Suppose there are m design schemes, each with n evaluation indices, then the decision-making scheme matrix is:

[image: image]

Secondly, process the decision-making scheme matrix to be dimensionless:

[image: image]

Thirdly, calculate the standardized matrix for decision-making schemes:

[image: image]

In the formula: —The standardized value of the i index for the j decision scheme.

Fourthly, select positive and negative ideal solutions as reference points. In the standardized decision-making scheme matrix F, the set composed of the maximum values of the same index for each decision scheme is the positive ideal solution:

[image: image]

Fifthly, calculate positive and negative prospect value matrices. When the negative ideal solution is used as a reference point, and the attribute values of the scheme indices are greater than the corresponding reference points, indicating gains, the positive prospect value matrix can be calculated:

[image: image]

In the formula: fi—The standardized value of the negative ideal solution for the i index;

α— Decision-maker's sensitivity coefficient to gains.

When the positive ideal solution is used as a reference point, and the attribute values of the scheme indices are less than the corresponding reference points, indicating losses, the negative prospect value matrix can be calculated:

[image: image]

In the formula: [image: image]—the standardized value of the positive ideal solution for the i index;

β— Decision-maker's sensitivity coefficient to losses;

θ— Risk aversion parameter.

According to the research of Tversky and Kahneman (1992), Cumulative Prospect Theory is composed of two parts: the value function and the cumulative weighting function. In the equations, α and β represent the risk attitude coefficients, while λ represents the loss aversion coefficient, the values of these coefficients are α = β = 0.88 and λ = 2.25. It is noteworthy that the values of these coefficients have been effectively used in similar studies by many scholars, such as Su and Sun (2023), making sensitivity analysis unnecessary.

Next, calculate positive and negative cumulative prospect weight functions. The formulas for the positive cumulative prospect weight function [image: image] and the negative cumulative prospect weight function [image: image] are:

[image: image]

[image: image]

In the formula: r+, r−—risk attitude coefficients, 0 <r+, r− <1.

Then, calculate the comprehensive cumulative prospect value and prioritize the alternative schemes. The comprehensive cumulative prospect value for the j decision scheme is:

[image: image]
 

3.3 Justification for choosing the modified TOPSIS formula

In practical applications, the traditional TOPSIS method may not fully account for the specific performance of banks across different sustainability indicators. The traditional TOPSIS method assumes that the weights and normalization of indicators are applicable to all situations, which may not comprehensively reflect the actual performance of banks in different sustainability dimensions.

Combining insights from the literature review, to more accurately and effectively evaluate the sustainable performance of banks, this study incorporates Cumulative Prospect Theory (CPT) into the traditional TOPSIS method. By using the positive and negative prospect value matrices, CPT better handles the performance of banks across different indicators, providing a more accurate and comprehensive evaluation.




4 Case study: evaluation of sustainability performance of Chinese commercial banks under the GRI framework

The data collection for this study primarily relied on the 2022 social responsibility reports and sustainability reports of five Chinese commercial banks: Industrial and Commercial Bank of China (ICBC), Industrial Bank Co., Ltd. (CIB), China CITIC Bank, Bank of China (BOC), and China Merchants Bank (CMB). These banks are all publicly listed companies and are included in the Fortune Global 500. Their reports are publicly available and transparent, allowing researchers to obtain the relevant data through the banks' official websites or search engines.

Specifically, the sample data sources for this study include:

“ICBC 2022 Social Responsibility Report.”

“CIB 2022 Sustainability Report.”

“China CITIC Bank 2022 Sustainability Report.”

“BOC 2022 Social Responsibility Report.”

“CMB 2022 Sustainability Report.”

These reports are prepared in accordance with the Global Sustainability Standards Board's (GSSB) “GRI Sustainability Reporting Standards,” ensuring data consistency and comparability.

During the data processing, researchers manually reviewed each relevant section of these reports to extract the required indicator data. The specific steps are as follows:

Data extraction: researchers read each report page by page to extract specific data related to sustainability and corporate social responsibility. This process requires a high degree of meticulousness and accuracy to ensure that all relevant information is collected.

Data unification: since data in different reports might use different measurement units, researchers standardized all data to ensure consistency and comparability. For example, all monetary data was converted to Chinese Yuan (RMB), or different environmental indicators were converted to the same units.

Data verification: to ensure the accuracy and reliability of the data, researchers invited relevant experts to review the extracted and processed data. Specific steps include: Randomly selecting portions of the data for verification to ensure consistency with the original reports. Checking the data unification process to ensure all data had been converted to standardized measurement units.

Data analysis: using Excel, the indicator calculations and comparisons were performed according to the “Sustainable Performance Index Framework.”

The research results are presented in Table 2. The new indicator data and their sources have undergone rigorous processing and verification, with C1–C5 corresponding to the indicator data for ICBC, CIB, China CITIC Bank, BOC, and CMB, respectively.


TABLE 2 Values of 15 indicators for five banks.

[image: Table 2]


4.1 Computational process

First, it is necessary to determine the entropy weight. In this study, 11 positive indicators were selected, for which the optimal solutions are their maximum values, while the worst solutions are their minimum values. Additionally, there are four negative indicators: electricity consumption, direct emissions, indirect emissions, and the ratio of non-performing loans, where the definitions of optimal and worst solutions are the opposite of those for the positive indicators. The entropy weights are calculated using Formulas 1–7, as shown in Table 3.


TABLE 3 Indicator system and weight explanation.

[image: Table 3]

After calculating the entropy weight, the standardized decision matrix is computed using Formulas 8–10, as shown in Appendix Table A1. The positive ideal solution F+ and the negative ideal solution F− are identified as reference points, with the results presented in Table 4.


TABLE 4 Positive and negative ideal solution.

[image: Table 4]

Next, the positive prospect values are calculated using Formula 11, as shown in Table 5. The negative prospect values are calculated using Formula 12, as presented in Table 6.


TABLE 5 Positive prospect value.

[image: Table 5]


TABLE 6 Negative prospect value.

[image: Table 6]

Subsequently, the positive cumulative prospect weights are calculated using Formula 13, and the negative cumulative prospect weights are determined using Formula 14. The results are shown in Table 7.


TABLE 7 Positive and negative cumulative prospect weight.

[image: Table 7]

Finally, using Formula 15, the comprehensive cumulative prospect values for each alternative are calculated, and the alternatives are ranked accordingly. The results are presented in Table 8.


TABLE 8 Composite cumulative prospect value and ranking.

[image: Table 8]

Based on this, we have determined the sustainability performance levels of Chinese commercial banks under the GRI framework, ranked from highest to lowest as follows: C4 > C3 > C1 > C2 > C5. These codes correspond to Bank of China, CITIC Bank, Industrial and Commercial Bank of China, Industrial Bank, and China Merchants Bank, respectively.



4.2 Comparative analysis

To validate the effectiveness of the modified TOPSIS formula, we compared the results with those obtained using the traditional TOPSIS formula. Firstly, following the approach of Elsayed et al. (2017) and others, we applied the entropy weight TOPSIS method to assess the sustainability performance levels of Chinese commercial banks. The calculation steps of the traditional TOPSIS method are as follows:

1. Construct the decision matrix.

2. Normalize the decision matrix.

3. Calculate the weighted normalized matrix.

4. Determine the positive and negative ideal solutions.

5. Calculate the distance of each alternative to the positive and negative ideal solutions.

6. Calculate the relative closeness of each alternative.

Based on this, we completed the performance ranking, with the results shown in Table 9.


TABLE 9 Relative closeness and ranking.

[image: Table 9]

The relative closeness ranks from highest to lowest are as follows: C1 > C4 > C5 > C2 > C3, corresponding to: Industrial and Commercial Bank of China, Bank of China, China Merchants Bank, Industrial Bank, and CITIC Bank, respectively. The results indicate that the rank of C2 Industrial Bank remains unchanged, C4 Bank of China moved from the first to the second rank, C1 Industrial and Commercial Bank of China advanced from third to first rank, and C3 CITIC Bank dropped from second to fifth rank. This reflects certain differences between the results of the CPT-TOPSIS method and the entropy weight TOPSIS method in assessing the sustainability performance levels of the five banks.

To evaluate the effectiveness of this model in assessing the sustainability performance levels of Chinese commercial banks under the GRI framework, a comparative analysis with previous studies is necessary. According to the research by Sheila and Ruslim (2023), there is a positive impact of the capital adequacy ratio on the sustainable development of banks. Furthermore, Aras et al. (2018a) and others used the entropy weight TOPSIS method to examine the sustainable performance of Turkish banks, indicating that environmental performance ranks second in entropy weight, just after economic performance. According to the data in Table 2, the P01 capital adequacy ratios of Bank of China and Industrial and Commercial Bank of China are very close, at ~18 and 19%, respectively, while those for Industrial Bank and CITIC Bank are also close, at ~14 and 15%, respectively.

However, the differences in environmental performance are more pronounced. According to the sustainable development reports and corporate social responsibility reports of the aforementioned banks, in terms of important environmental indicators such as electricity consumption, direct emissions, and indirect emissions, and with similar numbers of P04 branches and P05 total employees, Bank of China has an advantage over Industrial and Commercial Bank of China. Similarly, CITIC Bank has an advantage over Industrial Bank.



4.3 Result validation

To further validate our results, we collected rating data from five banks, as detailed below:

Wind ratings: this data is sourced from Wind Information Co., Ltd., a prominent financial information service provider in China. Wind's Environmental, Social, and Governance (ESG) ratings focus on evaluating companies' performance and risks in sustainable development, serving as an important reference for banks and their investors. According to the company's website, in 2022, Wind rated the Bank of China as “A,” while the other four banks were rated “BBB.”

Runling Global ratings: the “2022 ESG Rating Analysis Report of China's A-Share Companies” published by Runling Global. The report indicates that among commercial banks rated “A” in this ESG rating, there was little difference in the overall average scores. The Bank of China ranked first with an average ESG score of 5.8, while Industrial Bank, China CITIC Bank, China Merchants Bank, and Industrial and Commercial Bank of China (ICBC) tied for second with an average score of 5.7.

Sustainalytics ratings: sustainalytics is a globally leading independent ESG and corporate governance research, ratings, and analysis company. Its ratings are widely used in investment analysis, fund management, and corporate sustainability assessment. According to Sustainalytics data, ICBC's ESG risk rating is 31.0, ranking 877th out of 1,037 in the industry; the Bank of China's ESG risk rating is 30.1, ranking 813th out of 1,037 in the industry.

These rating results indicate that the Bank of China has a more advantageous rating compared to ICBC, while also confirming the rationality of the rankings of the other three banks. This leads to the conclusion that the traditional TOPSIS method, which ranked ICBC first, is evidently unreasonable. This further validates the effectiveness and reliability of the CPT-TOPSIS research method and evaluation indicators in measuring the sustainability of Chinese commercial banks.




5 Discussion

This study proposes a sustainability evaluation method for the banking industry based on the CPT-TOPSIS model and verifies its effectiveness through empirical analysis.

Furthermore, the CPT-TOPSIS model not only demonstrates its advantages in the sustainability evaluation of the banking industry but also provides new insights and methods for assessing sustainable development in other sectors. For example, governments can utilize the CPT-TOPSIS model to formulate more reasonable and effective public policies by evaluating the sustainability impacts of different policies. The model can also offer comprehensive sustainability evaluation tools for enterprises, helping them identify and improve deficiencies in sustainable development. Through quantitative analysis, enterprises can gain a clearer understanding of their performance in environmental protection, social responsibility, and corporate governance, thus formulating corresponding improvement measures to enhance overall sustainability performance. Although this study primarily focuses on the banking industry, the CPT-TOPSIS model has broad application prospects in other industries as well. For instance, in the manufacturing, energy, and service sectors, this model can be used to assess the sustainable development capabilities of enterprises, thereby promoting the entire industry toward green and sustainable development.



6 Conclusions

This paper builds upon previous research and proposes a bank sustainability performance evaluation system based on the GRI framework, integrating 15 indicators across five dimensions: economy, society, environment, governance, and finance. The CPT-TOPSIS model is applied for the first time in the research on the sustainable development of Chinese commercial banks, with a quantitative analysis conducted on five differently sized Chinese commercial bank samples. The study reveals the advantages of the CPT-TOPSIS model over the entropy weight TOPSIS in our sustainability performance evaluation system. It finds that environmental indicators become a significant factor in bank sustainability when economic indicators are similar, confirming the conclusions drawn by Aras et al. (2018a) and others in their research on sustainable development in the banking industry.

The advantage of the CPT-TOPSIS method used in this paper lies in its combination of traditional multi-criteria decision-making tools with theories from behavioral economics. It quantifies risk preferences and accurately reflects the multi-dimensional risks faced by the banking industry, uniquely considering the behavioral psychological characteristics of decision-makers. This reveals decision-makers' attitudes toward risk and loss aversion in potential scenarios, providing the banking industry with a performance evaluation tool more in line with actual decision-making psychology.

This paper offers insights for bank investors. Research by Su and Sun (2023) on the sustainable development of mining companies has shown that traditional TOPSIS ignores psychological preferences in decision-making behaviors. In contrast, the CPT-TOPSIS model accounts for cognitive biases at the psychological level and considers uncertainties and risk preferences, aligning more closely with the real psychological evaluations of investment decision-makers. Our study further demonstrates the applicability of the CPT-TOPSIS model in evaluating sustainable development in the Chinese banking industry for investors, offering a reference for bank investment decisions.

For bank managers, this paper concludes that environmental indicators have become a significant factor in sustainable banking development. This should shift managers' focus from purely economic factors to environmental aspects, such as reducing direct and indirect emissions, saving electricity, and controlling the total number of employees and branches for scale operation.

It is important to note that this study has certain limitations. Firstly, the research sample is based on domestic banks in China, so the results may have limited applicability to bank sustainability research in other parts of the world. Secondly, although the data for the research indicator framework is accurate and comprehensive, the studied banks are all large listed commercial banks. Applying the same methodology to smaller financial institutions within China may not yield as extensive and accurate indicator data. Lastly, it is encouraged that more industries conduct sustainable development research under the GRI framework, allowing for further development and refinement of the research method in terms of indicator frameworks and evaluation systems.
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Table A1. Normalized decision matrix.
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