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The Credit Risk Management and Business Operation Decision of Automobile Loan for Bank
ABSTRACT 

This paper explores the influences of the approved results of loans cases, the borrower’s attributes, and the relationship between the borrower and the case bank on the overdue risks of automobile loans. The results can improve the credit quality and avoid the misjudgment of screening automobile loan customers and also establish a better automobile loan risk management forecasting model. Besides, the case bank has to identify and develop high-quality loan customers with different types of automobile loan products and provide them with exclusively customized services so as to acquire a balance between the risk management and loan business operation decision of the case bank.
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1. INTRODUCTION
Buying a car as a vehicle of transportation is currently the most common way employed by office workers or people. In addition to paying by cash, the majority of purchasers will take into account the installments of loans to purchase automobiles. Therefore, the loan demand and willingness to purchase increase more and more. The way of stimulating consumption makes automobile dealers and banks snatch automobile loan market, and to provide benefits and services to customers. The provision of zero-interest program increases significantly the vehicle turnover rate and the purchase atmosphere, which effectively improves the automobile loans operating performance in the market. In view of this, banks, facing the competition, also increase loan programs tailored to customers. In 2001, the share of families in Americans that owned automobiles was over 84% - higher than the share that owned primary residences at 68%. Roughly three-quarters of automobile purchases are financed through credit, and loans for automobile purchases are one of the most common forms of household borrowing (Agarwal, Ambrose, & Chomsisengphet, 2008).
However, since the Asian financial crisis happened in July, 1999, the overdue loans of banks, including automobile loans, have gradually increased. The spread of the card debts crisis at the end of November 2005 to the 2008 has also worsened the operating profits of the financial services industry. In 2008, the statistics in the annul tables of Taiwan's domestic car sales announced by Taiwan Transportation Vehicle Manufacturers Association revealed that car sales have hit a nearly 20-year low. Therefore, the declination of automobile sales not only significantly affects company’s financial development, but also directly reduces the automobile loan volume, as well as the banks’ profits.
Agarwal et al. (2008) mention that automobiles, meaning cars and light trucks, are the most commonly held nonfinancial assets among Americans. In the development of banking business, whether the credit quality of automobile loan is good or bad is the key factor to affect the profits of the banking sector. Therefore, in order to enhance banks’ operating performance and profitability, first of all, it is to identify the risk factors of credit loans and screen these factors with judgment so as to reduce the loan risks of banks. Loan risks are not only in various forms, but also cover a wide range and diversities. The risk factors to be considered involve the individual credit quality of the automobile loan borrowers, banks’ viewpoints in assessing credit loan cases, relevant norms, organizational culture, risk control, and so on. For obtaining more clients and coupled with the excessive competition on the market, banks are prone to acquire bad loans and bad debts. If banks only rely on contractor personnel’s and credit officers’ experience and subjective judgment, the bias is easily to occur. It is difficult to not only find the credit problems but also prevent the occurrence of overdue loans in advance. 
There are both domestic and foreign relevant researches and methods to analyze and predict the default probability of automobile loan borrowers. A number of scholars mostly used the logistic regression model to illustrate and analyze the default factors of automobile loan borrowers. For example, Steenackers and Goovaerts (1989) use the logistic regression model with the stepwise logistic regression model to analyze the credit rating that impacts the personal loans; Tor and Kasper (2003) use bank lending policies, credit score, and unsecured overdue loans of risk value as the subject of research. The paper expects to set up an assessing model that can correctly and beneficially determine the credit risk factors before the occurrence of overdue customers. This model can serve as a reference standard to predict the occurrence of overdue loan risk, and it is expected to reduce the banks’ losses of overdue loans. 
The paper, prior to the occurrence of overdue customers, looks forward to provide more accurate assessment model which facilitates the judgment of measuring credit risk affecting factors. The model can be served as a reference standard for the risk occurrence of automobile loans overdue, in order to reduce the bank losses on customers’ overdue loans. Among them, the overdue probability is the most important key indicator to measure credit risk. The banks must understand the occurrence factors of overdue risk. Whether the applicant's automobile loan conditions is good or not plays a significant impact on credit quality. The banks should move in the right direction and angle to operate the automobile loan business market, to identify high-quality loans customers and to understand them deeply, in order to reduce and prevent the occurrence of overdue cases. How to play bank’s character, to reduce the overdue risk, to keep going in the automobile loan market, and to improve bank’s profitability and operating performance? How to maintain good interactions with the automotive industry operators, to have insight into the business and development trend of future automotive market, so as to draw up automobile loan business operation strategy? And considering how to find balance between the credit risk management of automobile loans and the business operation decision-making? This is a test of the wisdom of banking practitioners, as well as an important topic to think for banks.

2. LITERATURE AND HYPOTHESES
Steenackers and Goovaerts (1989) analyze the significant variables of credit rating model that impact the personal loans of lending banks in Belgium. Their results show that the significant variable belonging to the credit criteria is the loan period, while those not belonging to the credit criteria include a total of 11 variables: the borrower’s age, whether the phone number is provided, the permanent residence address, the current residence address, the duration of the job, the location area, occupation, whether the job is at the government sector, the monthly income, the house ownership, and where he (or she) has previous loans. Tor and Kasper (2003) show whether the house is the borrower’s own property, occupation, income, debt ratio, and guarantor are significantly positively correlated with the borrower’s credit risk, while age, gender, city of residence, and whether there are other loans are significantly negatively correlated with the borrower’s credit risk.

Holmes, Isham, Petersen, and Sommers (2007) indicate that the community bank relies on credit scoring but not relationship lending. The low-income households with strong ties to the community development credit union (CDCU) are likely to receive loans despite poor credit histories. Agarwal et al. (2008) find that a decrease in the credit risk of an automobile loan holder, as measured by the Fair Isaac Corp score, lowers the probability of default and raises the probability of prepayment. Agarwal et al. (2008) also find that an increase in the loan-to-value (LTV) ratio increases the probability of default and lowers the probability of prepayment. Attanasio et al. (2008) find that, with the exception of high-income households, consumers are very responsive to maturity and less responsive to interest rate changes. Both elasticities vary with household income, with the maturity elasticity decreasing and the interest rate elasticity increasing with income. In addition, there still also have many literatures explored the issue related to the credit risk of banks or firms (e.g. Daniels & Ramirez, 2008; Jacobson, Lindé, & Roszbach, 2005; Majumder, 2006; Salas & Saurina, 2002; Wyatt, 2004).
2.1 Impacts of the approved results of loan cases on overdue loans
Steenackers and Goovaerts (1989) indicate that the loan period significantly impacts the credit rating of personal loans. Capozza, Kazarian, and Thomson (1997) and Liu and Lee (1997) find that the loan period is positively correlated with the loan default. Consequently, the paper considers that the longer the loan period is, the higher the risk of uncertainty banks have to afford. During the loan period, the borrowers will confront many unexpected situations such as unemployment, injury, accident, etc., which will affect their economic incomes and lead to the occurrence of overdue loans. Therefore, the paper expects that the loan period and the overdue probability of automobile loan are positively correlated. The hypothesis H1-1 is established as follows: 
H1-1: The loan period is positively correlated with the overdue probability of automobile loan.
The LTV ratio refers to the ratio of the loan amount to the collateral’s value assessed by the case bank minus the value-added tax. Generally speaking, the higher LTV ratio indicates that the proportion of the borrower’s monthly interest payments to his household income will be higher, that is, the borrower’s burden and the correspondent overdue probability will be also higher. Therefore, the overdue probability of the borrower with a higher LTV ratio will be superior to that of the borrower with a lower LTV ratio. Vandell, Barnes, Hartzell, Kraft, and Wendt (1993) use Cox model to set up a default loan model of commercial mortgage and the results show that the variables like the loan period, the loan interest rate, the LTV ratio, and the use purpose of loan present significant impacts. Smith, Sanchez, and Lawrence (1996), Liu and Lee (1997) and Agarwal et al. (2008) also find that the LTV ratio and the loan default are positively correlated. Therefore, the paper expects that there exists a positive correlation between the borrower’s LTV ratio and the overdue probability of automobile loan. Thus, the hypothesis H1-2 is established as follows:
H1-2: The LTV ratio is positively correlated with the overdue probability of automobile loan.

The paper considers that the new car purchasers should be the people with more income or in better economic situation. Under the circumstances that new cars match the social status of the new car purchasers, they are considered to have higher repayment ability, followed by the second-hand car purchasers. However, the financing automobile loans are due to borrowers’ financial needs. The borrowers apply to banks or financial institutions for cash loans by using their own vehicles for other purposes. The revolving automobile loans are usually to grant the borrowers the loans more than the market value of the vehicle. In this situation, the overdue risks of the automobile loans which are not simply for purchasing vehicles are higher. Therefore, the paper expects the more the loan products tend to the automobile loans of financing type, the overdue probability of automobile loans will be higher. The hypothesis H1-3 is established as follows:

H1-3: The overdue probability of the automobile loans of financing type is higher than that of the automobile loans for purchasing new cars.
In general, vehicles can be divided into two types: home-made ones and imported ones. The home-made car buyers are mostly those with conservative behavior or lower ability to purchase cars (lacking the first car payment or purchasing cars based on the affordable installment payment). The imported car buyers are possibly those with better financial ability; they often buy imported cars based on security reason or specific preference under the circumstances that imported cars match their social status. The home-made cars defined by the case bank in the paper refer to the types of cars with a larger share of home-made market such as NISSAN, TOYOTA, HONDA, FORD, MAZDA, HYUNDAI, and so on. The imported cars are mainly based on the types of European imports and Japanese imports such as BMW, BENZ, VOLKSWAGEN, LEXUS, INFINITI, AUDI, and so on. Because U.S cars have higher depreciation in the automobile market and the number of U.S. car buyers is lower or the data are insufficient, the sample of U.S. cars will be excluded from the paper. Therefore, the paper expects that the overdue probability of the automobile loans of home-made cars is higher than that of the automobile loans of imported cars. The hypothesis H1-4 is established as follows:
H1-4: The overdue probability of the automobile loans of home-made cars is higher than that of the automobile loans of imported cars.
2.2 Impacts of the borrower’s attributes on overdue loans
Liu and Lee (1997) find that the borrower’s education degree is significantly negatively correlated with the default of mortgage loan. Cairney and Boyle (2004) also show that the education degree is significantly negatively correlated with borrower’s credit risk. The persons with higher education usually have higher ability to perform the contract and repay the debt, and their loan overdue probability should be inferior to that of those with lower education. Therefore, the paper expects that the borrower’s education degree is negatively correlated with the overdue probability of automobile loan. Hence, the hypothesis H2-1 is established as follows:
H2-1: The borrower’s education degree is negatively correlated with the overdue probability of automobile loan.
Steenackers and Goovaerts (1989) also point out that the job service years of the borrower is significantly negatively correlated with the credit rating of personal loans, that is, the longer the job service years of the borrower is, the more stable the income source and the ability of repayment will be. Therefore, the paper expects that the job service years of the borrower is negatively correlated with the overdue probability of automobile loan. Hence, the hypothesis H2-2 is established as follows:

H2-2: The stability of the borrower’s job is negatively correlated with the overdue probability of automobile loan.
Holmes et al. (2007) show that the low-income households with strong ties to the CDCU are likely to receive loans despite poor credit histories. Attanasio et al. (2008) find that, with the exception of high-income households, consumers are very responsive to maturity and less responsive to interest rate changes. Caselli, Gatti, and Querci (2008) indicate that the loss given default rate (LGDR) is more sensitive to the default-to-loan ratio, the unemployment rate, and household consumption for households. From a practical perspective, after interviewing the credit staffs of the case bank, we find whether the borrower has provided the proof of income is considerably correlated with the stability of the company he works for. If the borrower’s company can provide the proof of his financial capability such as income tax withholding voucher, insurance card, the passbook of salary transfer, and tax disc, it will indicate that the borrower has a sure source of income and his company has a certain scale and system. Hence, there are fewer concerns about the borrower’s loan repayment source and ability. Therefore, both the general banks and the financial institutions related to the loan think that the security and the reliability of the borrower who can provide the proof of income are higher than those of the borrower who can not. Thus, the paper expects if the borrower can provide the proof of income, his overdue probability of automobile loan will be lower than that of the automobile loan of the borrower who can not. Hence, the hypothesis H2-3 is established as follows:
H2-3: The overdue probability of the automobile loan of the borrower who can provide the proof of income is lower than that of the automobile loan of the borrower who can not.

Tor and Kasper (2003) use a database of 6,389 unsecured loans records of a case financial institution in Sweden from September, 1994 to August, 1995, which covers 6,051 normal cases and 338 overdue cases. The empirical analysis results by performing Probit regression model show that the guarantor is a variable of significant positive correlation. Besides, if the relationship between the borrower and the guarantor is closer, the borrower will do his best to regularly repay the mortgage loan to protect the guarantor lest the bank should ask the guarantor to repay the mortgage loan due to his abnormal repayment behavior. Therefore, the overdue probability of the borrower who has a closer relationship with the guarantor is lower than that of the borrower who has a general relationship with the guarantor. Based on the above results, the paper expects that the borrower providing the guarantor is negatively correlated with the overdue probability of automobile loan and the paper establishes H2-4 as follows: 
H2-4: The overdue probability of the automobile loan of the borrower who provides the guarantor is inferior to that of the automobile loan of the borrower who does not.
2.3 Impact of the relationship between the borrower and the case bank on overdue loans
Boot and Thakor (1994) prove and predict that along with the increase of the borrower’s loan period, the collateral requirements will be less. In addition, Berger and Udell (1995) also point out that the small companies and the banks having longer close relationships will be more effective in providing the rating information of enterprises. As to the actual circumstances of the case bank, we find that the customers having normal transactions with the bank in the past, the probability of normal repayment for other new loan products are also higher. However, if borrowers do not pay loan interests, the past records are poor, or overdue loans occurred before, it expects that the overdue probability will be higher if borrowers apply to the same bank for other loans again. Based on the above findings, the paper expects that the overdue probability of the automobile loan of the customer once dealing with the case bank and keeping normal relationship is lower than that of the automobile loan of the customer never dealing with it. Thus, the hypothesis H3-1 is established as follows:

H3-1: The overdue probability of the automobile loan of the borrower who is the case bank’s best customer is lower than that of the automobile loan of the borrower who is not.
According to the practical loan experience of credit staffs of the case bank over the past years, customers are classified based on the nature and position of their jobs. The statistical analysis of customers’ payment records shows that the borrowers with specific job nature or tiles belong to the high-risk group of the overdue probability of automobile loan, and the group has a considerable impact on the overdue probability. Therefore, the paper expects if the borrower’s job nature is on the high-risk list of the case bank, his overdue probability of automobile loans will be higher. Thus, the hypothesis H3-2 is established as follows:

H3-2: The overdue probability of the automobile loan of the borrower whose job nature is on the high-risk list of the case bank is higher than that of the automobile loan of the borrower whose job nature is not on the high-risk list.

3. METHODOLOGY
3.1 Sample and data source

Since March 2004, the case bank in the paper has keyed in and scanned the data of loan cases at the beginning of application, these data are then filed after being analyzed. It replaces the previous way that the approved borrowers’ attributes are input into database before the finance is leasing. The advantage of the current way is that loan customers’ attributes can be set up more completely and systematically in the file hosts so as to be served for future analysis, cases screening, knowing the quality of loan cases, and the use of statistics on relevant information. This is also the competitive advantage of the case bank in the current automobile loan business market.
The paper considers the automobile loan cases accepted and leased by the case bank as the research object, including the normal cases which perform the payment of principal and interest normally according to the loan contract, and the overdue cases which have the occurrence of overdue and delay in the payment of principal and interest. The samples of the paper come from the loan cases provided by each of five regions (three in north, two in center and south) of the case bank from January 2005 to January 2007. A total of 1,705 loan cases serve as the research object of the paper for analyzing the overdue risks of automobile loans, which include 1,005 normal cases and 700 overdue cases.

3.2 Logistic regression model

According to the aforementioned hypotheses, the paper builds a logistic regression model as follows:

OVERDUE=β0+β1PERIOD+β2LTV+β3TYPE+β4LOCATION+β5EDU+β6STABLE+
β7INCOME+β8GUARANTOR+β9EXCELLENT+β10RISK+e            (1)

where OVERDUE is the borrower’s overdue probability; PERIOD is the loan period; LTV is the loan-to-value ratio; TYPE is the type of loan product; LOCATION is the original location of the loan vehicle; EDU is the borrower’s education degree; STABLE is the job stability of the borrower; INCOME is whether the evidence of income is provided; GUARANTOR is whether the guarantor is provided; EXCELLENT is whether the borrower is the best customer of the case bank; RISK is whether the attributes and the contents of the borrower’s job are on the high-risk list of the case bank; β0 is the intercept; β1,…,β10 are parameters of regression model; e is the error term of regression model.
Each variable in the above regression model will be introduced in the following sections.
3.3 Measurement of dependent variable
Borrower’s overdue probability (OVERDUE): the paper divides the dependent variables into two types: 0 for the normal case where the borrower regularly repays and never delays to repay the principal and interest (who never exceeds the date of the monthly payment; the date of monthly payment is usually the date of withdraw); 1 for the overdue case where the borrower has not repaid the principal or interest yet (the date of the monthly payment) for more than one month.
3.4 Measurement of independent variables

The approved results of loan cases
Loan period (PERIOD): refers to the period applied by the borrower for the automobile loan, that is, the number of months desired, each month accounts for a period unit.
Loan-to-value ratio (LTV): defined as the value of the borrower’s automobile loan amount divided by the present value of the vehicle.
Type of loan product (TYPE): the automobile loan products are divided into four types according to the borrower’s motivation and the consideration of risk: 1 for the loan of new cars, 2 for the loan of second-hand cars, 3 for the loan of financing cars, and 4 for the loan of responsive cars.

Original location of loan vehicle (LOCATION): the original locations of borrowers’ loan vehicles are segmented into two categories. 1 is set for the home-made vehicles; 0 is set for the imported vehicles.

The borrower’s attributes

Education degree (EDU): the borrower’s education degree is divided into five levels according to the expected overdue probability from low to high. 1 is set for the education degree below junior high school, 2 for the senior high school degree, 3 for college degree, 4 for the university degree, and 5 for the master degree or above. 

Job stability (STABLE): this refers to how long the borrower works for his current company; if the borrower is a dealer, it refers to the years of existence of the firm. That is, the years of service is used to measure the degree of job stability.
Income proof (INCOME): this is a dummy variable which refers to whether the proof of income is provided by the borrower. 1: the proof of income is provided by the borrower and 0: the proof of income is not provided by the borrower.

Guarantor (GUARANTOR): this is a dummy variable which refers to whether the guarantor is provided by the borrower. 0: the guarantor is provided by the borrower and 1: the guarantor is not provided by the borrower.

The relationship between the borrower and the case bank 
Best customer (EXCELLENT): this is a dummy variable which means whether the borrower is the best customer of the case bank. 1 is set for the best customers and 0 is set for the other customers.

Risk customer (RISK): this is a dummy variable which refers to whether the attributes and contents of the borrower’s job are on the high-risk list of the case bank. 1 is set for those on the list and 0 is set for the others.
4. RESULTS
4.1 Descriptive statistic results

Table 1 summarizes the descriptive statistic of all the samples (normal cases and overdue cases). Panel A is the empirical results of the whole samples and the mean value of OVERDUE is 0.411. This indicates that the overdue cases represent 41.1% of all the samples. The mean value for PERIOD is 44.991, the maximum is 84, and the minimum is 13, which shows that the average period of the borrower’s automobile loan is located between 44 and 45 months. The mean, maximum, and minimum values for LTV are 0.856, 1.54, and 0.17 respectively, which implies that the LTV ratio of automobile loan is between 80% and 90% and the borrowers must prepare at least 10% to 20% funds as the first payment for purchasing cars. The mean value for TYPE is 2.096, which means that the types of second-hand cars and new cars represent the majority of the product types of automobile loans. The mean value for LOCATION is 0.743, which means that the home-made vehicles represent the majority of the automobile loans in comparison with the imported vehicles. The mean value for EDU is 2.4, which illustrates that most of the automobile loan borrowers’ education degrees are concentrated between senior high school and college. 
The mean, maximum, and minimum values for STABLE are 4.640, 45, and 0 respectively, which shows that the years of service of the borrower’s current job are mostly above four years. The mean value for INCOME is 0.374, which shows that more than half of the borrowers do not provide the proof of income. The mean value for GUARANTOR is 0.448, which shows that more than half of the borrowers do not provide the guarantors. The mean value for EXCELLENT is 0.205, which shows that only the minority of the borrowers are the best customers of the case bank. The mean value for RISK is 0.374, which shows that most of the borrowers are not on the high-risk list of the case bank.
In addition, referring to the descriptive statistic results listed in Panel B (normal cases) and Panel C (overdue cases), the mean values of normal cases are inferior to those of overdue cases in the following five variables: PERIOD, LTV, TYPE, LOCATION, and RISK; however, for the five variables like EDU, STABLE, INCOME, GUARANTOR, and EXCELLENT, the mean values of normal cases are superior to those of overdue cases.
<<Insert Table 1 about here>>
4.2 Logistic regression results

The logistic regression results of the whole samples are listed in Table 2. Panel A is the regression results. Regarding the approved results of loan cases, PERIOD is significantly positively correlated (p value=0.000) with OVERDUE. That is, the longer the period of automobile loan is, the higher the overdue probability becomes. Thus, the hypothesis H1-1 is supported. LTV is significantly positively correlated (p value=0.000) with OVERDUE. That is, the higher the LTV ratio is, the higher the overdue probability becomes. Thus, the hypothesis H1-2 is supported. TYPE is significantly positively correlated (p value=0.000) with OVERDUE. The types of loan products include the automobile loans of new cars, second-hand cars, financing cars, and the responsive cars. According to the order of types, the overdue probability of new automobile loan is the lowest and that of the responsive automobile loan is the highest. Thus, the hypothesis H1-3 is supported. The correlation between LOCATION and OVERDUE is insignificantly positively correlated (p value=0.312); thus, the hypothesis H1-4 is not supported.
With respect to the borrower’s attributes, EDU and OVERDUE are significantly negatively correlated (p value=0.000). The higher the borrower’s education degree is, the lower the overdue probability becomes, which is consistent with the expected direction; thus, the hypothesis H2-1 is supported. STABLE and OVERDUE are significantly negatively correlated (p value=0.000). The borrower with higher stability of job means the years of service is longer, so the overdue probability is lower. Thus, the hypothesis H2-2 is supported. INCOME and OVERDUE are significantly negatively correlated (p value=0.000). That is, if the borrower provides the proof of income, his overdue probability will be lower; on the contrary, it will be higher. Thus, the hypothesis H2-3 is supported. GUARANTOR and OVERDUE are significantly negatively correlated (p value=0.000). That is, if the borrower provides the guarantor, his overdue probability will be lower; on the contrary, it will be higher. Thus, the hypothesis H2-4 is supported.
Regarding the relationship between the borrower and the case bank, EXCELLENT and OVERDUE are significantly negatively correlated (p value=0.000). That is if the borrower is the best customer of the case bank, his overdue probability will be lower; on the contrary, it will be higher. Thus, the hypothesis H3-1 is supported. RISK and OVERDUE are significantly positively correlated (p value=0.000). That is, if the borrower is on the high-risk list of the case bank, his overdue probability will be higher; on the contrary, it will be lower. Thus, the hypothesis H3-2 is supported.
In Panel A, all the variables except LOCATION reach the significant level of 1%. In addition, in order to confirm the collinearity problem of variables arising from a high degree of correlation between variables, the variance inflation factor (VIF) test is conducted to all the explanatory variables. The VIF values, all inferior to 10, demonstrate that there is no high multi-collinearity problem among variables.
The logistic regression model results in Panel B show that the prediction accuracy for normal cases and overdue cases are 93.30% and 86.40% respectively and the overall prediction accuracy is 90.50%, which indicates the prediction ability for normal cases is higher than that for overdue cases.

<<Insert Table 2 about here>>

4.3 Logistic regression model results of different types of loan products

This section divides all the samples of loan products into four sub-groups: new cars, second-hand cars, financing cars, and responsive cars. The logistic regression analysis is then executed for all the products and each sub-group; the results are listed in Table 3.
In fact, the results of the new cars are almost consistent with those of all the products except LOCATION, which is insignificantly positively correlated and consistent with the expected direction. The results of the second-hand cars are also almost consistent with those of all the products and the new cars except LOCATION and EXCELLENT; LOCATION is significantly negatively correlated and EXCELLENT is insignificantly negatively correlated.
The results of the financing cars show that LOCATION has an insignificantly positively impact; EDU is insignificantly negatively correlated. The other variables are consistent with the empirical results of all the products and those of new cars and second-hand cars.
The results of the responsive cars indicate that PERIOD is insignificantly positively correlated. The result of LOCATION is significantly positively correlated and corresponds to the expected results, which is different from the other sub-groups. STABLE and INCOME are insignificantly negatively correlated. The other variables are consistent with the empirical results of all the products and those of new cars and second-hand cars.
<<Insert Table 3 about here>>
The prediction accuracy of the logistic regression analysis of all the products and various types of products are listed in Table 4. In terms of the overall prediction accuracy of automobile loan, the responsive cars is ranked No. 1 (95.70%), the new cars NO. 2 (92.88%), the financing cars NO. 3 (89.30%), and the second-hand cars No. 4 (86.90%). Form the above results, it is clear that the type of second-hand cars is the loan product with the lowest overall prediction accuracy, but the type of responsive cars is the loan product with the highest overall prediction accuracy.
<<Insert Table 4 about here>>

5. CONCLUSIONS
Based on the samples of the automobile loans of the case bank, the paper divides the variables affecting automobile loans into three dimensions according to the practical way: the approved results of loan cases, the borrower’s attributes, and the relationship between the borrower and the bank and explores the impacts of these three dimensions on the overdue probability of automobile loans.
The empirical results show that regarding the approved results of loan cases, the longer the loan period is and the higher the LTV ratio is, the overdue probability of automobile loan will be also higher, the credit and the finance leasing institutions have to cautiously evaluate the loan period and the LTV ratio. The types of loan products will affect the overdue probability of automobile loan; the responsive cars is No. 1, the financing cars No. 2, the second-hand cars No. 3, and the new cars No. 4 in terms of the overdue probability of automobile loan. The banks have to take the borrower’s loan product into the approval loan criteria. The origin of the borrower’s vehicle will affect the overdue probability of automobile loan. The overdue probability of the imported cars is lower than that of the home-made cars, but the regression result also shows that the origin of the car is insignificantly correlated to the overdue probability.
Regarding the borrower’s attributes, if the borrower’s education degree and job stability are higher and the proof of income and the guarantor are provided, the overdue probability of automobile loan will be lower. The banks have to take the borrower’s education degree and job stability and whether the proof of income and the guarantor are provided or not into account while evaluating the attributes of loan applicants. It is recommended for the banks to take these four factors as important evaluating criteria.
Regarding the relationship between the borrower and the bank, if the borrower is the best customer of the bank, the overdue probability of automobile loan will be lower, while if the borrower is on the high-risk list of the bank, the overdue probability will be higher. It is recommended for the banks to take these two factors as the reference of approving loans.
Because of the different characteristics of the types of loan products, the sensitivity analysis results point out that the prediction accuracy of responsive cars is the highest; thus, it is recommended for the banks to accept more this kind of high-spread product. Due to the fierce competition in the automobile loan market, the information transparency, and the rise of consumer awareness, the interest rates slip for all the automobile loan products, especially for the new cars. In the low profit situation, overdue loans and bad debts can not be allowed to happen. There are many banks that can not afford the long-term losses and then quit the automobile loan market one after another. If the banks deal with the responsive loan product under the appropriate risk control, expand and customize this kind of product, give it a project code for the use of further observation and analysis of the execution effectiveness of the project, and adjust the approving criteria according to the circumstances, the banks can increase their profits and the quality of automobile loan cases and reduce the overdue risk. 

In addition, the different types of automobile loans products can be served as a reference for the future decision making of automobile loans business operation. Furthermore, according to the significant factors under the different types of automobile loans products, and considering the overdue risk level based on the automobile loans products, the banks can develop different loan business operation models and service types. This will help the banks to make the risk segmentation of automobile loan business. At the same time, the banks should actively manage the customers with low overdue risk on the automobile loans products, provide them with exclusive customized services, and develop a suitable operation model which can reduce the customers with high overdue risk on the automobile loan products and improve the banks’ loan risk management quality.
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TABLES

Table 1: Descriptive Statistics
___________________________________________________________________________

Panel A: All samples (N=1,705)

	Variables
	Mean
	Median
	Minimum
	Maximum
	Std. Deviation

	OVERDUE
	0.411
	0.000
	0.000
	1.000
	0.492

	PERIOD (Unit: month)
	44.991
	48.000
	13.000
	84.000
	15.017

	LTV 
	0.856
	0.871
	0.170
	1.540
	0.197

	TYPE 
	2.096
	2.000
	1.000
	4.000
	1.097

	LOCATION
	0.743
	1.000
	0.000
	1.000
	0.437

	EDU
	2.400
	2.000
	1.000
	5.000
	0.890

	STABLE (Unit: year)
	4.640
	2.500
	0.000
	45.000
	5.584

	INCOME
	0.374
	0.000
	0.000
	1.000
	0.484

	GUARANTOR
	0.448
	0.000
	0.000
	1.000
	0.497

	EXCELLENT
	0.205
	0.000
	0.000
	1.000
	0.404

	RISK
	0.374
	0.000
	0.000
	1.000
	0.484


Panel B: The samples of normal cases (N=1,005)

	Variables
	Mean
	Median
	Minimum
	Maximum
	Std. Deviation

	OVERDUE
	0.000
	0.000
	0.000
	0.000
	0.000

	PERIOD (Unit: month)
	41.167
	36.000
	13.000
	84.000
	14.969

	LTV 
	0.776
	0.800
	0.170
	1.500
	0.170

	TYPE 
	2.009
	2.000
	1.000
	4.000
	1.073

	LOCATION
	0.617
	1.000
	0.000
	1.000
	0.486

	EDU
	2.517
	2.000
	1.000
	5.000
	0.956

	STABLE (Unit: year)
	6.533
	5.000
	0.000
	45.000
	6.368

	INCOME
	0.547
	1.000
	0.000
	1.000
	0.498

	GUARANTOR
	0.670
	1.000
	0.000
	1.000
	0.471

	EXCELLENT
	0.317
	0.000
	0.000
	1.000
	0.466

	RISK
	0.107
	0.000
	0.000
	1.000
	0.310


Panel C: The samples of overdue cases (N=700)

	Variables
	Mean
	Median
	Minimum
	Maximum
	Std. Deviation

	OVERDUE
	1.000
	1.000
	1.000
	1.000
	0.000

	PERIOD (Unit: month)
	50.480
	48.000
	18.000
	84.000
	13.295

	LTV 
	0.972
	0.960
	0.320
	1.540
	0.175

	TYPE 
	2.220
	2.000
	1.000
	4.000
	1.121

	LOCATION
	0.924
	1.000
	0.000
	1.000
	0.265

	EDU
	2.231
	2.000
	1.000
	5.000
	0.757

	STABLE (Unit: year)
	1.922
	1.200
	0.000
	18.000
	2.283

	INCOME
	0.126
	0.000
	0.000
	1.000
	0.332

	GUARANTOR
	0.129
	0.000
	0.000
	1.000
	0.335

	EXCELLENT
	0.043
	0.000
	0.000
	1.000
	0.203

	RISK
	0.757
	1.000
	0.000
	1.000
	0.429


Notes: 1. The variable OVERDUE is the borrower’s overdue probability; PERIOD is the loan period; LTV is the LTV ratio of loan; TYPE is the type of loan product; LOCATION is the origin of vehicle; EDU is the borrower’s education degree; STABLE is the job stability; INCOME is whether the proof of income is provided; GUARANTOR is whether the guarantor is provided; EXCELLENT is whether the borrower is the best customer of the case bank; RISK is whether the borrower is on the high-risk list of the case bank. 2. N is the number of observations.
Table 2: Logistic Regression Results of All Samples
__________________________________________________________________________________________

Panel A: Regression results
	Variables
	Predicted Sign
	All samples (N=1,705)

	
	
	Coefficient
	Std. Error
	Wald Value
	p value(one-tailed)
	VIF

	Intercept
	
	-4.579
	0.693
	43.637
	0.000***
	

	PERIOD
	+
	0.035
	0.007
	28.259
	0.000***
	1.224

	LTV
	+
	4.698
	0.615
	58.330
	0.000***
	1.488

	TYPE
	+
	0.536
	0.105
	25.981
	0.000***
	1.429

	LOCATION
	+
	0.120
	0.245
	0.240
	0.312
	1.282

	EDU
	-
	-0.594
	0.118
	25.201
	0.000***
	1.128

	STABLE
	-
	-0.178
	0.026
	46.448
	0.000***
	1.211

	INCOME
	-
	-1.262
	0.199
	40.157
	0.000***
	1.325

	GUARANTOR
	-
	-2.062
	0.197
	109.111
	0.000***
	1.327

	EXCELLENT)
	-
	-1.658
	0.318
	27.171
	0.000***
	1.461

	RISK
	+
	2.120
	0.192
	122.117
	0.000***
	1.539

	LR statistic
	843.521

	Cox & Snell R2 
	0.577

	Nagelkerke R2 
	0.777


Panel B: Logistics regression model results (N=1,705)　
	Models
	Predictive

Actual
	Normal cases
	Overdue cases
	Prediction accuracy

	
	
	
	
	

	Results
	Normal cases
	938
	67
	93.30%

	
	Overdue cases
	95
	605
	86.40%

	
	Overall prediction accuracy
	　
	　
	90.50%


Notes: 1. Variables are defined in Table 1. 2. *p<0.1, **p<0.05, ***p<0.01. 3. The overdue cases of the predicted model are those with the prediction of overdue probability superior to 50%, those equal to or inferior to 50% are classified as normal cases. 4. N is the number of observations.
Table 3: Logistic Regression Results of All the Products and the Four types of Products

	Variables
	Predicted direction
	All the products
	New cars
	Second-hand cars
	Financing cars
	Responsive cars

	
	
	Direction 
	Sig. 
	Hypothesis supported
	Direction 
	Sig. 
	Direction 
	Sig. 
	Direction 
	Sig. 
	Direction 
	Sig. 

	PERIOD
	十
	＋
	Y
	Y
	＋
	Y
	＋
	Y
	＋
	Y
	＋
	N

	LTV
	十
	十
	Y
	Y
	＋
	Y
	＋
	Y
	＋
	Y
	＋
	Y

	TYPE
	十
	十
	Y
	Y
	
	
	
	
	
	
	
	

	LOCATION
	十
	十
	N
	N
	＋
	N
	－
	Y
	＋
	N
	十
	Y

	EDU
	－
	－
	Y
	Y
	－
	Y
	－
	Y
	－
	N
	－
	Y

	STABLE
	－
	－
	Y
	Y
	－
	Y
	－
	Y
	－
	Y
	－
	N

	INCOME
	－
	－
	Y
	Y
	－
	Y
	－
	Y
	－
	Y
	－
	N

	GUARANTOR
	－
	－
	Y
	Y
	－
	Y
	－
	Y
	－
	Y
	－
	Y

	EXCELLENT
	－
	－
	Y
	Y
	－
	Y
	－
	N
	－
	Y
	－
	Y

	RISK
	十
	＋
	Y
	Y
	＋
	Y
	＋
	Y
	＋
	Y
	＋
	Y


Table 4: Prediction Accuracy of the Logistic Regression Results
	Types
	Prediction accuracy of normal cases (%)
	Prediction accuracy of overdue cases (%)
	Overall prediction accuracy (%)

	All the products
	93.30
	86.40
	90.50

	New cars
	95.55
	88.26
	92.88

	Second-hand cars
	92.40
	78.30
	86.90

	Financing cars
	88.20
	90.50
	89.30

	Responsive cars
	95.20
	96.20
	95.70
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