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Abstract. 
The incentive and supervision design of cooperation between banks and B2B platforms was studied under the electronic warehouse receipt pledge financing model. Under the assumptions of B2B platform risk, neutrality, and risk aversion, a principal-agent model for cooperation was established between banks and B2B platforms. Its purpose was to expand and compare the models by adding supervision variables. It also helps to analyze the effects of risk aversion coefficients on effort level, fixed payment, incentive coefficients, and the impact of bank income. This paper has analyzed the banking system’s incentives and supervision mechanisms by performing numerical analysis on big data. We have used MATLAB for numerical analysis. The results show that banks’ expected benefits when cooperating with risk-neutral B2B platforms are always greater than the expected benefits obtained when cooperating with risk-averse B2B platforms. But when banks act, the increase in profits exceeds the cost of regulatory measures. Besides, when the bank takes supervisory measures, the profit will be greater than the profit without supervisory measures. Hence, the B2B platform’s ability to recover losses is positively correlated with the bank’s expected utility. The cost coefficient of the B2B platform is negatively correlated with the bank’s expected utility. The risk aversion degree does not affect the optimal effort level of the B2B platform, but it affects the optimal fixed payment and the optimal incentive coefficient.

1. Introduction
With the innovation of Internet finance and the rapid development of China’s B2B e-commerce market, traditional supply chain financial services have also produced a new model—online supply chain finance based on third-party B2B e-commerce platforms. Its advantage is that the B2B platform can use big data analysis technology for cross-validation, and efficiently gather and coordinate the logistics. It helps information flow and capital flow in the supply chain to achieve the rating of “subject + debt.” It provides convenient financing for small, medium, and micro enterprises, and reduces the financing credit risk. But, it is undeniable that due to the asymmetry of interest and information asymmetry between the bank and the B2B platform, there is a principal-agent problem, which creates the moral hazard of hidden actions. This paper took online supply chain finance as the background. It used the electronic warehouse receipt pledge as an example to prove that it can effectively increase the bank’s expected income while preventing the hidden moral hazard of the B2B platform. Some practical references are provided for financing service providers for the online supply chain finance business.
In recent years, in response to the principal-agent problem in the principal-agent relationship, scholars have established an incentive model between banks and B2B platforms to prevent the moral hazard of confidential information. However, the research on the moral hazard of hidden actions is still lacking and incomplete. Scholars such as Shi [1] and Sadlovska [2] discussed credit risk assessment of financing enterprises in online supply chain finance based on the B2B platform. Sun [3] opines that only taking incentive measures is not enough to avoid supply chain finance’s moral hazard. Supervisory measures should be taken to prevent the moral hazard of logistics enterprises. Li [4] established a dual-channel supply chain model and pointed out that retailers’ degree of risk aversion is negatively correlated with retail prices. Based on the master-slave game theory, Wang and Wang [5], Zhou [6], and others have studied the risk-averse recovery supply chain models of bank’s third-party B2B platforms and obtained the bank’s optimal credit line and platform maximum expected return. Steeman [7] believes that the supply chain finance business is an operating mode that effectively connects software and technology, providing cash flow for the overall development of the supply chain and strengthening cooperation between upstream and downstream enterprises in the chain. Chen [8], Aust [9], and other researchers used game theory to establish and analyze a bilateral risk-averse supply chain incentive model. The study pointed out that the supply chain system’s premise to achieve coordination is that the manufacturer with the greatest risk aversion can bear the entire risk and repurchase all products. Xu and Ma [10] established a credit risk assessment index system for small and medium-sized enterprises in the supply chain financial environment from different aspects. These aspects are financing enterprises, core enterprises, financing project risks, the supply chain’s stability where trade activities occur, and the macro environment. Summarizing the existing related research on supply chain finance, we can find that most of the literature assumes that the supply chain participants are risk-neutral. Risk-neutral is an ideal state for the convenience of research. In the research on traditional supply chain finance, some literature considers the risk aversion behavior of decision-makers and the impact of risk aversion on decision-makers’ behavior. However, there is a lack of literature on supply chain coordination from risk preference in online supply chain finance research. Therefore, from the perspective of risk preference, we take the electronic warehouse receipt pledge financing based on the third-party B2B platform as an example and use the principal-agent theory to study the bank’s incentive contract third-party B2B platform under the model of entrusted credit. We also discuss the B2B platform’s risk appetite and whether the bank takes supervisory measures on the impact of the B2B platform’s optimal effort level, the bank’s optimal fixed payment, the bank’s optimal incentive coefficient, and the bank’s optimal expected return. The paper also considers the third-party B2B’s ability to recover losses, the cost coefficient, the degree of risk aversion, the bank’s supervision on the bank’s optimal expected return under different assumptions, and the moral hazard prevention strategy in the new model.
2. The Bank’s Incentive and Supervision of the Risk-Neutral Third-Party B2B Platform
This section discusses the problem description, assumption, parameter setting, model construction, and analysis on the risk-neutral third-party B2B platform.
2.1. Problem Description
Online supply chain financial credit models based on banks and third-party B2B platforms can be divided into three models: joint credit, individual credit, and entrusted credit. After practice, the entrusted credit model has become the main cooperation method between banks and third-party B2B platforms. So, this paper introduces the entrusted credit model. Under the entrusted credit method, the third-party B2B platform accepts the bank’s entrustment. It uses the electronic credit information, logistics, supply chain information, capital flow information, and other behavioral data information of the financing enterprise. It holds to independently extend credit to the financing enterprise and issues an evaluation report and gets a certain income. However, in the process of entrusted credit, the bank cannot see the process of the third-party B2B platform’s efforts because of the information asymmetry. These are still the results of hard work, so there will still be principal-agent problems, and third-party B2B platforms may choose a lower level of effort to obtain greater benefits. Therefore, to ensure that their interests are not lost, banks need to formulate incentive contracts to maximize their interests. Based on the previous research on the principal-agent relationship and the description of the supply chain finance business, this paper, taking electronic warehouse receipt financing as an example, designs the incentive contract between banks and the third-party B2B platforms.
2.2. Basic Assumptions
Hypothesis 1. This section first discusses the situation when banks cooperate with risk-neutral third-party B2B platforms. It is assumed that banks and third-party B2B platforms are both risk-neutral.
Hypothesis 2. The time value of money is not considered for the time being. It is assumed that banks and third-party B2B platforms are rational decision-makers and aim to maximize their interests.
Hypothesis 3. In the principal-agent relationship, banks and third-party B2B platforms have asymmetric information, and banks cannot know the true degree of effort of the third-party logistics platforms. As a result, it has to make an evaluation based on the results of the effort.
2.3. Parameter Setting
Suppose that Bank Z conducts electronic warehouse receipt financing business on a third-party B2B platform within a certain period, and the total credit limit is Q. During this period, many financing companies on the B2B platform experience a temporary shortage of funds, and they file electronic warehouse receipt financing applications with the bank. Assuming that enough companies have submitted financing applications, the financing needs are far greater than the total credit limit.
The third-party B2B platform’s efforts and capabilities are private information that other parties cannot obtain and can only be evaluated based on their efforts. Suppose the third-party B2B platform’s effort level is  a one-dimensional continuous variable between [0, 1], and the output function of the third-party B2B platform is , ().
In the equation, the variable  can be understood as the amount of loss formed during the loan cycle. The variable a represents the ability of the third-party B2B platform to recover losses. It is embodied in information-processing technology, operational expertise, the perfection of approval procedures, and personnel specialization. The Stronger the ability is, the more losses can be recovered under the same level of effort. Similarly, under the same level of ability, the harder you work, the more losses can be recovered, that is, . Variable b refers to the amount of loss caused by the type of financing enterprise, and the financing enterprises with different credits generate different amounts of loan losses. Variable d represents the amount of loan business losses incurred by the laziness, inaction, and inactivity of third-party B2B platforms, such as imperfect approval procedures, unsatisfactory staff, operating errors, etc. The variable  is the sum of various uncertain factors such as the impact of the market environment on the output function and the third-party B2B platform’s efforts .
The B2B platform follows the financing applications’ sequence and conducts credit reviews on financing companies’ electronic credit information. Financing companies that meet the scoring or rating requirements are eligible for loans, and the bank’s total credit line Q within this period will stop credit.
For the convenience of analysis, suppose that the bank loan interest rate is simple interest. All enterprises pay the interest in one lump sum at maturity. The bank loan interest rate is r, the loan period is T, then the bank loan income is: .
Assume that the bank’s payment to the third-party B2B platform is , the variable F is the bank’s fixed payment to the third-party B2B platform, and  is the bank’s incentive coefficient to the third-party B2B platform. This income distribution mechanism is called the “sharing system.” The third-party B2B platform’s remuneration is directly related to the output, but the risk of output fluctuations is shared between the bank and the third-party B2B platform.
According to the basic principles of microeconomics, it is assumed that the effort cost function of the third-party B2B platform follows the secondary expression of effort level, i.e., .  is the cost coefficient, namely, the effectiveness of the third-party B2B platform’s effort on loan success. It is related to the capability of the platform of the third-party B2B. The smaller the value of , the stronger the third-party B2B platform’s capability and the higher the effectiveness.
2.4. Model Construction and Analysis
The expected income of the bank can be obtained through the above analysis:
Because the bank is risk-neutral, its expected utility is equal to its expected return:
The actual currency income of the third-party B2B platform is
Because the third-party platform B2B is risk-neutral, the absolute risk aversion measure  at this time, and the equivalent certainty income is
Since the expected utility of the third-party B2B platform is equivalent to its deterministic equivalent income, the expected utility of the third-party B2B platform is
As a rational decision-maker, the necessary condition for a third-party B2B platform to participate in financing business is to obtain a higher utility than its retained utility ; otherwise, it will give up participating in the search for other opportunities. Therefore, third-party B2B platforms need to meet participation constraints:
If , the third-party B2B platform’s monetary income was less than the average level and the participation constraints were not met. Then, the third-party B2B platform would not accept the bank’s entrustment. If , the third-party B2B platform’s monetary income was equal to or higher than the average level and the participation constraints were met. Then, the third-party B2B platform will accept the bank’s entrustment.
In the principal-agent relationship, due to information asymmetry, the bank cannot observe the third-party B2B platform’s effort. A rational third-party B2B platform will use its information advantages to select the best level of effort  to maximize its interests, thus harming the interest of the bank. Therefore, third-party B2B platforms must also meet incentive compatibility constraints:which is
Find the first derivative of the effort level for the incentive compatibility  constraint:
Proposition 1. In bank supply chain finance based on a risk-neutral third-party B2B platform, during the credit review process of the B2B platform, its optimal level of effort is positively correlated with the incentive coefficient  and the B2B platform’s ability to recover losses a, and has a positive relationship with the cost coefficient  of the B2B platform.
Proof.  From equation (10), , , and , so the optimal effort level increases with the increase of the incentive coefficient  provided by the bank and increases with the increase of the B2B platform’s ability to recover losses a and decreases as the cost factor  of B2B platform increases, and the proof is complete.
When banks cooperate with risk-neutral third-party B2B platforms, they maximize the bank’s utility and establish a principal-agent model while meeting the participation constraints (IC) and incentive constraints (IR) of the third-party B2B platform:In the best case, the third-party B2B platform’s utility is equal to its retained utility: Substituting equation (10) into (12) indicates that banks cooperate with risk-neutral third-party B2B platforms, and the fixed payment to third-party B2B platforms without supervision measures isSubstituting equations (10) and (13) into (11), we can getThe first derivative of the excitation coefficient  for  can be obtained:Substituting equation (16) into (13), we can obtainSubstituting equations (10), (16), and (17) into the objective function indicates that when the bank cooperates with a risk-neutral third-party B2B platform, the optimal return of the bank is
3. Research on Incentives under Supervision Measures Taken by Banks
This section discusses the problem description, assumption, parameter setting, and model construction and analysis on the risk-neutral third-party B2B platform.
3.1. Problem Description
The problem of information asymmetry arising in entrusted credit can also be overcome through supervision measures. It is assumed that banks take supervision measures on third-party B2B platforms to encourage them to work harder and reduce loan losses. The focus of bank supervision is whether the third-party B2B platform works hard and the credit capability of the B2B platform. The supervision of credit capacity can include improving data processing technology, the perfection of review procedures, and staff’s regular training. Such supervision will enhance third-party B2B platforms’ credit review capacity and make up for more loan losses.
3.2. Parameter Setting
Based on the previous analysis and the parameter variables that have been set above, this section also introduces the parameters when banks take supervisory measures. At this time, the third-party B2B platform’s output function is expressed as  (), where the variable  is the bank’s supervision strength and  represents the output coefficient of the third-party B2B platform.  is assumed, so  changes follow the law of diminishing marginal returns, that is, , . The cost  incurred by banks due to supervision is supposedly , meeting .
3.3. Model Construction and Analysis
From the above assumptions and analysis, we can see that the bank’s income, when the bank takes supervisory measures, is
Because banks are risk-neutral, their expected utility is equal to the expected return:
Under the supervision measures taken by the bank, the actual currency income of the third-party B2B platform is
Because the third-party platform B2B is risk-neutral, the absolute risk aversion measure  at this time, the equivalent certainty income, is
Since the expected utility of the third-party B2B platform is equivalent to its deterministic equivalent income, the expected utility of the third-party B2B platform is
As a rational decision-maker, the necessary condition for a third-party B2B platform to participate in financing business is to obtain a higher utility than its retained utility ; otherwise, it will give up participating in the search for other opportunities. Therefore, third-party B2B platforms need to meet participation constraints:
If , the third-party B2B platform’s monetary income was less than the average level and the participation constraints were not met. Then, the third-party B2B platform would not accept the bank’s entrustment. If , the third-party B2B platform’s monetary income was equal to or higher than the average level, and the participation constraints were met. Then, the third-party B2B platform will accept the bank’s entrustment.
In the principal-agent relationship, the bank cannot observe the level of effort of the third-party B2B platform due to information asymmetry. A rational third-party B2B platform will use its information advantages to select the best level of effort  to maximize its interests, thus harming the interest of the bank. Therefore, third-party B2B platforms must also meet incentive compatibility constraints:
That is,
Finding the level of effort for the incentive compatibility  constraint and the first derivative can obtain
Proposition 2. In the bank’s supply chain finance based on a risk-neutral third-party B2B platform, when the bank takes supervisory measures, during the credit review process, the best effort level of the B2B platform is positively correlated with the bank’s supervision , the bank’s incentive coefficient  for the B2B platform, and the B2B platform’s ability a to recover losses, and it is negatively correlated with the B2B platform cost coefficient .
Proof.  From equation (28), we can get , , , , so the optimal effort level increases with the increase of supervision intensity , increases with the increase of ability a, and increases with the increase of incentive coefficient , and decreases with the increase of the cost coefficient . The proof is complete.
Under the supervision measures taken by the bank on the third-party B2B platform, it also meets the participation constraints (IC) and incentive constraints (IR) of the third-party B2B platform to maximize the bank’s utility and establish a principal-agent model:In the best case, the third-party B2B platform’s utility is equal to its retained utility:Substituting equation (28) into equation (30) gives that when banks cooperate with risk-neutral third-party B2B platforms, the fixed payment given to third-party B2B platforms under supervision measures isSubstituting equations (28) and (31) into (29), we can getFind the first derivative of the excitation coefficient  for  to getSubstituting equation (34) into (31), we can obtainSubstituting equations (28), (34), and (35) into the objective function, it yields that when the bank cooperates with a risk-neutral third-party B2B platform, and the bank takes supervisory measures, the optimal return of the bank is
4. Banks’ Incentives for Risk-Aversion Third-Party B2B Platforms
This section discusses the problem description, assumption, parameter setting, model construction, and analysis on the risk-neutral third-party B2B platform.
4.1. Problem Description
This section analyzes the bank’s research on the third-party B2B platform’s incentive contract when the bank cooperates with the risk-averse third-party B2B platform. The results are compared with and without considering the bank’s supervisory measures and the optimal level of effort of the third-party B2B platform. The incentive coefficient and fixed payment that the bank gives to the third-party B2B platform and the expected utility of the bank have an impact on the bank's utility function. The parameter variables set in the previous section are used in this part.
4.2. Basic Assumptions
In addition to the rational person assumption and information asymmetry assumption made in the previous section, the following assumptions will also be made:
Banks are risk-neutral, and the risk attitude of the third-party B2B platform is risk aversion. The third-party B2B platform has constant risk aversion characteristics, i.e., , the constant absolute risk aversion measure, the actual currency income, and a normal value, the reserved utility of which is .
4.3. Model Construction and Analysis
4.3.1. Monitoring Measures Not Being Considered
The expected income of the bank can be obtained through the above analysis:
Because the bank is risk-neutral, its expected utility is equal to its expected return:
The actual currency income of the third-party B2B platform is
Because the third-party platform B2B is a risk-aversion type, its certainty equivalent income is
Since the expected utility of the third-party B2B platform is equivalent to its deterministic equivalent income, the expected utility of the third-party B2B platform is
As a rational decision-maker, the necessary condition for a third-party B2B platform to participate in financing business is to obtain a higher utility than its retained utility ; otherwise, it will give up participating in the search for other opportunities. Therefore, third-party B2B platforms need to meet participation constraints:
If , the third-party B2B platform’s monetary income was less than the average level and the participation constraints were not met. Then, the third-party B2B platform would not accept the bank’s entrustment. If , the third-party B2B platform’s monetary income was equal to or higher than the average level, and the participation constraints were met. Then, the third-party B2B platform will accept the bank’s entrustment.
In the principal-agent relationship, due to information asymmetry, the bank cannot observe the level of effort of the third-party B2B platform, and a rational third-party B2B platform will use its information advantages to select the best level of effort  to maximize its interests, thus harming the interest of the bank. Therefore, third-party B2B platforms must also meet incentive compatibility constraints:which is
The first derivative of the effort level  for the incentive compatibility constraint can be obtained:
Proposition 3. In the bank’s supply chain finance based on the risk-averse third-party B2B platform, during the credit review process of the B2B platform, its optimal effort level is positively correlated with the incentive coefficient  and the B2B platform’s ability to recover losses a, and there is a negative correlation with the cost coefficient  of the B2B platform.
Proof.  From equation (46), , , , so the effort level increases with the increase of the incentive coefficient , increases with the increase of the ability a, and decreases with the increase of the cost coefficient . The proof is complete.
Under entrusted credit, the third-party B2B platform’s efforts determine the success of the loan business. Due to information asymmetry, the third-party B2B platform may not work hard. Therefore, a proxy-agent model is established to analyze the bank’s incentive mechanism for the third-party B2B platform. That is, to maximize the bank’s utility under the conditions of meeting the participation constraints (IC) and incentive constraints (IR) of the third-party B2B platform, the principal-agent model isIn the best case, the third-party B2B platform’s utility is equal to its retained utility:Substituting equation (46) into (48) indicates that banks cooperate with risk-averse third-party B2B platforms, and the fixed payment to third-party B2B platforms without supervision measures isSubstituting equations (46) and (49) into (47), we can getFor the first derivative of the excitation coefficient,  can be obtainedSubstituting equation (52) into (49), we can obtain,Substituting equations (46), (52), and (53) into the objective function, when the bank cooperates with a risk-averse third-party B2B platform, without taking supervision measures, the bank’s optimal profit is:
4.3.2. Monitoring Measures Being Considered
From the above assumptions and analysis, we can observe that under the bank’s supervisory measures, the bank’s income is
Because banks are risk-neutral, their expected utility is equal to the expected return
Under the supervision measures taken by the bank, the actual currency income of the third-party B2B platform is
Because the third-party platform B2B is risk-aversion, its certainty equivalent income is
Since the expected utility of the third-party B2B platform is equivalent to its deterministic equivalent income, the expected utility of the third-party B2B platform is
As a rational decision-maker, the necessary condition for a third-party B2B platform to participate in financing business is to obtain a higher utility than its retained utility ; otherwise, it will give up participating in the search for other opportunities. Therefore, third-party B2B platforms need to meet participation constraints:
If , the third-party B2B platform’s monetary income was less than the average level, and the participation constraints were not met. Then, the third-party B2B platform would not accept the bank’s entrustment. If , the third-party B2B platform’s monetary income was equal to or higher than the average level, and the participation constraints were met. Then, the third-party B2B platform will accept the bank’s entrustment.
In the principal-agent relationship, due to information asymmetry, the bank cannot observe the third-party B2B platform’s effort. A rational third-party B2B platform will use its information advantages to select the best level  of effort to maximize its interests, thus harming the interest of the bank. Therefore, third-party B2B platforms must also meet incentive compatibility constraints:That is,
The first derivative of the effort level  for the incentive compatibility constraint can be obtained:
Proposition 4. In the bank’s supply chain finance based on a risk-averse third-party B2B platform, when the bank takes supervisory measures, there is a positive correlation between the optimal effort level and the incentive coefficient , the B2B platform’s ability to recover losses a, and the intensity of bank supervision , but there is a negative correlation with the cost coefficient  of the B2B platform during the credit review process.
Proof.  From equation (64), we can get , , , , so the optimal effort level increases with the increase of incentive coefficient , increases with the increase of ability a, and increases with the increase of bank supervision , and decreases with the increase of the cost coefficient . The proof is complete.
Under the supervision measures taken by the bank on the third-party B2B platform, it also meets the participation constraints (IC) and incentive constraints (IR) of the third-party B2B platform to maximize the bank’s utility and establish a principal-agent model:In the best case, the third-party B2B platform’s utility is equal to its retained utility:Substituting equation (58) into (60) indicates that when banks cooperate with risk-averse third-party B2B platforms, the fixed payment to third-party B2B platforms under supervision measures isSubstituting equations (64) and (67) into (65), we can getFind the first derivative of the excitation coefficient  of  to getSubstituting equation (70) into (67), we can obtain,Substituting equations (64), (70), and (71) into the objective function, and when the bank cooperates with a risk-averse third-party B2B platform, the optimal income of the bank under the supervision measures is
5. Comparative Analysis of Incentive Contracts under Risk Neutrality and Risk Aversion
5.1. Effort Level 
5.1.1. Supervision Measures Are Not Considered
Conclusion 1.  When supervision measures are not taken into consideration, the optimal effort level of risk-neutral and risk-averse third-party B2B platforms in supply chain finance business is the same, that is, . It can be seen that the degree of risk aversion does not affect the optimal effort level of the B2B platform when the bank does not take supervisory measures.
Proof:.  From equations (10) and (46), we can get . The proof is complete.
5.1.2. Considering Monitoring Measures
Conclusion 2.  When banks take supervisory measures, the best effort level of risk-neutral and risk-averse third-party B2B platforms in supply chain finance business is the same, that is, . It can be seen that the degree of risk aversion also does not affect the B2B platform when the bank takes supervisory measures.
Proof.  From equations (28) and (64), we can get . The proof is complete.
5.2. Fixed Payment F
5.2.1. Supervision Measures Are Not Considered
Conclusion 3.  When supervision measures are not considered, the optimal fixed payment given to the risk-averse third-party B2B platform by the bank is greater than the optimal fixed payment given to the risk-neutral third-party B2B platform, that is, . It can be seen that the risk preference of the B2B platform has an impact on the optimal fixed payment provided by the bank. When the level of risk aversion on the B2B platform increases, the fixed payment that banks need to provide in the supply chain business will also increase rapidly. When it increases to a certain extent, the fixed payment may even decline until it becomes flat. This means that banks are unwilling to pay more fixed payments to cooperate with B2B platforms with excessive risk aversion.
Proof.  It can be obtained by equations (17) and (53):and the certificate is completed.
5.2.2. Consider Monitoring Measures
Conclusion 4.  When the bank takes supervisory measures, the optimal fixed payment given to the risk-averse third-party B2B platform by the bank is greater than the optimal fixed payment given to the risk-neutral third-party B2B platform, that is, . It can be seen that the risk appetite of the B2B platform has an impact on the optimal fixed payment provided by the bank. It can also be concluded that when the risk aversion degree of the B2B platform increases in the early stage, the bank needs to provide in the supply chain business. The fixed payment will increase rapidly. To a certain extent, the fixed payment will even decline until it flattens out, which means that banks are unwilling to pay more fixed payments to cooperate with B2B platforms with excessive risk aversion.
Proof.  It can be obtained by equations (35) and (71):and the certificate is complete.
5.3. Incentive Coefficient 
5.3.1. Supervision Measures Are Not Considered
Conclusion 5.  Without considering regulatory measures, third-party B2B platforms that are averse to risk should give the best incentive coefficient. The measures given by the bank does not exceed the optimal incentive coefficient to the risk-neutral third-party B2B platform, i.e., . If and only if the absolute risk is measured,  and . It can be seen that the risk preference of the B2B platform has an impact on the optimal incentive coefficient provided by the bank to the B2B platform. It can be known that the degree of risk aversion has a negative correlation with the incentive coefficient, i.e., the higher the degree of risk aversion, the smaller the incentive coefficient provided.
Proof.  From equations (16) and (52), we can get , , so ; when , . The proof is complete.
5.3.2. Considering Monitoring Measures
Conclusion 6.  When banks take supervisory measures, the optimal incentive coefficient given to the risk-averse third-party B2B platform by the bank does not exceed the optimal incentive coefficient given to the risk-neutral third-party B2B platform, that is , if and only if the absolute risk when measuring , . It can be seen that the risk preference of the B2B platform affects the optimal incentive coefficient provided by the bank to the B2B platform. It can be known that the degree of risk aversion and the incentive coefficient are negatively correlated, that is, the higher the degree of risk aversion, the smaller the incentive coefficient provided.
Proof.  From equations (34) and (70), we can get , , so ; when , . The proof is complete.
5.4. Bank Income 
5.4.1. Not Considering Supervision Measures
Conclusion 7.  When supervision measures are not taken into consideration, the optimal benefit obtained by cooperation with a risk-neutral B2B platform is greater than the optimal benefit obtained by cooperation with a risk-averse B2B platform, that is, . Therefore, when choosing a third-party B2B platform for cooperation, banks should conduct investigations and cooperate with third-party B2B platforms with a low degree of risk aversion. At the same time, B2B platforms should also adjust their internal structure, accelerate transformation, and communicate with banks better.
Proof.  It can be obtained by equations (18) and (54):And the certificate is complete.
5.4.2. Considering Monitoring Measures
Conclusion 8.  When the bank adopts supervisory measures, the optimal return obtained by the bank and the risk-neutral enterprise is greater than the optimal return obtained by the risk-averse enterprise, that is, . Therefore, when choosing a third-party B2B platform for cooperation, banks should conduct investigations and cooperate with third-party B2B platforms with low-risk aversion. At the same time, B2B platforms should also adjust their internal structure, accelerate transformation, and cooperate with banks better.
Proof.  It can be obtained by equations (36) and (72):And the certificate is complete.
6. Numerical Simulation
6.1. Parameter Assignment
To explain the actual operability of the results of this paper and the expected utility of the bank along with the third-party B2B platform to recover losses a, the cost coefficient , the absolute risk aversion measurement , and the change law of bank supervision , a corresponding numerical analysis is given:(2)Assuming that the average natural loss of the pledge during the loan cycle is 150, that is,  = 150, and the loss is  = 200 due to the third-party B2B platform’s lack of effort(3)Assuming that the retained utility of the third-party B2B platform is  = 80(4)Assuming that  ∼ N (0, 900) is in a normal distribution, namely,  = 900
Then, we have the following:(1)When a bank cooperates with a risk-averse third-party B2B platform, the optimal expected utility of the bank without taking supervision measures is simplified to(2)When the bank cooperates with a risk-neutral third-party B2B platform, the optimal expected utility of the bank is simplified to(3)When a bank cooperates with a risk-averse third-party B2B platform, the optimal expected utility of the bank is simplified as follows:(4)When a bank cooperates with a risk-neutral third-party B2B platform, the optimal expected utility of the bank is simplified as follows:
6.2. Numerical Analysis
6.2.1. Not Considering the Impact of Relevant Parameters on Bank Utility under Supervision Measures
In the following figures,  represents the change curve of the expected utility function of the bank when the bank cooperates with the risk-averse third-party B2B platform without supervisory measures and  represents the change curve of the expected utility function of the bank when the bank cooperates with a risk-neutral third-party B2B platform without supervision measures (Figures 1–3).(1)Let  = 0.2,  = 4; at this time, the expected income of the bank changes with the third-party B2B platform’s ability to recover losses a. The impact of a on expected bank utility is shown in Figure 1. It can be seen from Figure 1 that the two curves of and  are monotonically increasing. The growth rate increases, which shows whether the bank cooperates with a risk-averse third-party B2B platform or a risk-neutral third-party B2B platform. The greater the third-party B2B platform’s ability to recover losses, the higher the expected utility of the bank. The expected utility of the bank increases exponentially as the third-party B2B platform recovers losses. It can also be seen from Figure 1 that the curve of  is always on the top of . For the same ability a = 30, the income obtained by the cooperation between the bank and the risk-averse third-party B2B platform and the income obtained by the cooperation between the bank and the risk-neutral third-party B2B platform is 1420 and 2420, respectively. The results show that the benefits obtained by banks from cooperating with risk-neutral companies are greater than those obtained by risk-averse companies.(2)Let a = 30 and  = 4; at this time, the bank’s expected income changes with the cost coefficient  of the third-party B2B platform. The impact of  on expected bank utility is shown in Figure 2. It can be seen from Figure 2 that the two curves of  and  are monotonically decreasing. The deceleration is on the rise, indicating whether the bank cooperates with a risk-averse third-party B2B platform or a risk-neutral third-party B2B platform. The lower the cost coefficient of the third party B2B platform, the higher the expected utility of the bank. The bank’s expected utility decreases exponentially as the cost coefficient  of the third-party B2B platform increases. It can also be seen from Figure 2 that  is always on the top of . For the same cost coefficient  = 0.2, the income obtained by the cooperation between the bank and the risk-averse third-party B2B platform and the income obtained by the cooperation between the bank and the risk-neutral third-party B2B platform is 1420 and 2420, respectively. This shows that banks’ benefits from cooperating with risk-neutral companies are greater than those from risk-averse companies, which is consistent with conclusion 7.(3)Let a = 30,  = 0.2; at this time, the bank’s expected return changes with the absolute risk measurement  of the third-party B2B platform. The impact of  on expected bank utility is shown in Figure 3.


	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
	
	

Figure 1: The impact of a on expected bank utility.




	
		
	
		
	
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
	
	
	
	

Figure 2: The impact of  on expected bank utility.




	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
	
	
	
	
	
	

Figure 3: The impact of  on expected bank utility.


It can be seen from Figure 3 that the curve  is monotonously decreasing. The deceleration shows an upward trend, which indicates that when banks cooperate with risk-averse third-party B2B platforms, the greater the absolute risk measurement  of the third-party B2B platform, i.e., the higher degree of risk-aversion of the third-party B2B platform, the lower the bank’s expected utility, and the expected utility of the bank decreases exponentially as the absolute risk measurement  of the third-party B2B platform increases.
It can also be seen from Figure 3 that  = 0  is in a straight line and is always at the top of . It indicates that the benefits obtained by the cooperation between banks and risk-neutral enterprises are greater than those obtained by risk-averse enterprises, which is consistent with conclusion 7.
6.2.2. Considering the Impact of Relevant Parameters on Bank Utility under Supervision Measures
In the following figures,  shows the change curve of the expected utility function of the bank when the bank cooperates with the risk-averse third-party B2B platform.  shows the curve of the expected utility function of the bank when the bank cooperates with the risk-neutral third-party B2B platform with the supervisory measures being taken (Figures 4–7).(1)Let  = 0.2,  = 4,  = 36; the bank’s expected income changes with the third-party B2B platform’s ability to recover losses a. The impact of a on expected bank utility is shown in Figure 4. It can be seen from Figure 4 that the two curves of  and  are similar to the shape of banks without supervision, and they are monotonically increasing. This shows that regardless of whether the bank takes supervision measures, the greater the third-party B2B platform’s ability to recover losses, the higher the expected utility of the bank. Similarly, when banks take supervisory measures,  is always above . For the same ability a = 30, the income obtained by the cooperation between the bank and the risk-averse third-party B2B platform and the income obtained by the cooperation between the bank and the risk-neutral third-party B2B platform is, respectively, 2172 and 3329. This shows that banks’ benefits from cooperating with risk-neutral companies are greater than those from risk-averse companies, which is consistent with conclusion 8.(2)Let a = 30,  = 4, and  = 36; the bank’s expected income changes with the cost coefficient  of the third-party B2B platform. The impact of  on expected bank utility is shown in Figure 5. It can be seen from Figure 5 that the two curves of  and  are similar to the shape of banks without supervision, and they are monotonically decreasing. This shows that regardless of whether the bank takes supervision measures, the lower the third-party B2B platform’s cost coefficient, the higher the bank’s expected utility. Similarly, in the case of banks taking supervisory measures, the curve  is always above the curve . For the same cost coefficient  = 0.2, the income obtained by the cooperation between the bank and the risk-averse third-party B2B platform and the income obtained by the cooperation between the bank and the risk-neutral third-party B2B platform is, respectively, 2172 and 3329. This shows that banks’ benefits from cooperating with risk-neutral companies are greater than those from risk-averse companies, which is consistent with conclusion 8.(3)Let a = 30,  = 0.2, and  = 36; the bank’s expected return changes with the absolute risk measurement of the third-party B2B platform. The impact of  on expected bank utility is shown in Figure 6. It can be seen from Figure 6 that the curve  is similar to the shape of the bank without supervision, and it is monotonically decreasing. This shows that regardless of whether the bank takes supervision measures, the lower the third-party B2B platform’s cost coefficient, the higher the expected utility of the bank. Similarly, in the case of banks taking supervisory measures, the straight line  is always above the curve , indicating that the bank’s benefits from cooperation with risk-neutral companies are greater than those from risk-averse companies consistent with Conclusion 8.(4)Let a = 30,  = 0.2, and  = 4; the bank’s expected return changes with the intensity of bank supervision . The impact of  on expected bank utility is shown in Figure 7.


	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
	
	
	
	
	
	

Figure 4: The impact of a on expected bank utility.




	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
	
	
	
	
	
	

Figure 5: The impact of  on expected bank utility.




	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
	
	
	
	
	
	

Figure 6: The impact of  on expected bank utility.




	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
	
	
	
	
	
	

Figure 7: The impact of  on expected bank utility.


It can be seen from Figure 7 that the two curves  and  are concave functions that increase first and then decrease, which indicates whether banks cooperate with risk-averse third-party B2B platforms or risk-neutral third-party B2B platforms. The expected utility of the bank increases at the initial stage when banks are increasing supervision intensity. When the intensity of supervision continues to increase to a certain level, the expected utility of ebank will change. When it increases to a certain level, the bank’s expected utility begins to be negative, which conforms to the law of diminishing marginal returns.
It can also be seen from Figure 7 that this curve  is always at the top of . For the same supervision strength  = 36, the income obtained by the cooperation between the bank and the risk-averse third-party B2B platform and the income obtained by the cooperation between the bank and the risk-neutral third-party B2B platform is, respectively, 2172 and 3329. It shows that banks’ benefits from cooperating with risk-neutral companies are greater than those from risk-averse companies, which is consistent with conclusion 8.
6.2.3. The Impact of Supervisory Measures on Bank Utility in Four Situations
Let a = 30,  = 0.2,  = 4; the bank’s expected return changes with bank supervision intensity . Figure 8 compares the four situations in which banks and risk-averse and risk-neutral third-party B2B platforms cooperate with and without supervisory measures and analyzes the impact of supervisory measures on banks’ expected utility.  and  have the same meaning as before.


	
		
	
		
	
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
	
		
	
		
	
		
	
		
	
		
	
		
	
		
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
		
	
	
		
		
		
	
	
		
	
	
		
	
	
		
		
	
	
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
	
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
		
	
	
	
		
		
		
		
		
	
	
		
	
		
		
		
		
		
		
	
	
		
	
	
	
	

Figure 8: The impact of  on expected bank utility.


It can be seen from Figure 8 that since  = 0,  and  have a straight-line shape, and the two curves increase first and then decrease, conforming to the law of diminishing marginal returns; the straight line  is always above the straight line , and the curve  is always above the curve , indicating whether supervision measures are taken or not, the expected utility obtained by the cooperation of the bank and the risk-neutral third-party B2B platform is higher than the expected utility obtained by the cooperation with the risk-averse third-party B2B platform, which is consistent with conclusions 7 and 8.
It can also be seen from Figure 8 that when , the curve  is above the straight line . When , the curve  is below the straight line , when , the curve  is above the straight line , and when , the curve  is below the straight line . Therefore, when banks cooperate with risk-averse third-party B2B platforms, , the increase in bank utility due to supervisory measures’ adoption will be higher than the supervision cost. At this time, the bank will choose to take supervisory measures; otherwise, it will not take supervisory measures; when the bank cooperates with a risk-neutral third-party B2B platform, , the increase in bank utility due to the adoption of supervisory measures will be higher than the cost of supervision. At this time, the bank will choose to take supervisory measures; otherwise, it will not take supervisory measures.
7. Conclusions
This paper analyzes the two perspectives of cooperation between the bank and the risk-neutral third-party B2B platform and the cooperation between the bank and the risk-averse third-party B2B platform. It compares the level of benefits brought to the bank by the two third-party B2B platforms with risk attitudes. Numerical simulation analysis with MATLAB software verifies the model’s accuracy and provides some suggestions for banks to make a better choice of a third-party B2B platform for cooperation.
Therefore, based on the above analysis, the main conclusions of this paper are(1)Whether the bank takes supervision measures or not, the optimal expected return obtained when the bank cooperates with a risk-neutral third-party B2B platform is always greater than the optimal expected return obtained when the bank cooperates with a risk-averse third-party B2B platform. The degree of risk aversion of the tripartite B2B platform is negatively related to the bank’s expected return.(2)Whether the bank cooperates with a risk-neutral or risk-averse third-party B2B platform, the bank’s expected utility increases in the initial stage of increasing supervision. When the supervision continues to increase beyond a certain value, the bank’s expected utility begins to decrease. When the supervision increases to a certain extent, the bank’s expected utility will become negative, which conforms to the law of diminishing marginal returns.(3)The third-party B2B platform’s ability to recover losses is positively correlated with the bank’s expected utility, and the cost coefficient of the third-party B2B platform is negatively correlated with the bank’s expected utility.(4)When banks cooperate with risk-neutral and risk-averse third-party B2B platforms, banks’ supervisory measures will increase the level of effort of the B2B platform. At this time, banks’ fixed payments to B2B platforms are less than those without supervisory measures. When working with a risk-neutral third-party B2B platform, the incentive coefficient is the same as when no supervision measures are taken. Still, when working with a risk-averse third-party B2B platform, the incentive coefficient is higher when no supervision measures are taken.(5)Whether or not the bank takes supervisory measures, risk appetite does not affect the optimal effort level of the B2B platform. The risk appetite of the B2B platform has an impact on the optimal fixed payment provided by the bank, and it also has an impact on the optimal incentive coefficient of the B2B platform provided by the bank. In addition, the degree of risk aversion has a negative correlation with the incentive coefficient.
This paper uses electronic warehouse receipt pledge financing as an example to analyze the possible moral hazards of the B2B platform in the process of the bank entrusting credit to the third-party B2B platform. It uses the principal-agent theory to study the bank’s incentive strategy selection for the third-party B2B platform under entrusted credit. It is of great practical significance to ease the problem of SME financing difficulties. This article mainly studies the moral hazard problem of hidden behavior and does not involve hidden information’s moral hazard problem. Therefore, an information hiding model can be established in the future to study the moral hazard problem of hidden information. In addition, a key conclusion drawn in this article is that a key factor for investigating whether banks will take supervisory measures is the cost of supervision. Therefore, in the future, we can combine the specific online supply chain finance business model to conduct an in-depth analysis of the supervision cost function to obtain the bank’s optimal supervision strength.
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