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ABSTRACT

Bad approach to credit risk exposure in the United States and some other countries has led to financial crisis and economic depression all over the world, yet without signs of recovery. Very loose conditions for banking loans produced exaggerated financial activity and therefore, as a consequence, impossibility to get loans paid back. In Croatia, banks used much stronger criteria when allowing loans with much better performances then in the U.S., which are the main reason that we do not have financial crisis as many other countries. Still, in this paper we want to get statistical multivariate approach to get it better.
Authors analyzed the sample of retail portfolio of Croatian banks classified by the loan structure and borrower selected attributes, and wanted to challenge this classification by statistical methods.
Multivariate statistical approach is used to get the most significant variables which contribute to classification of the loans as risky or not (default or not). There were several groups of applicants due to loan repayments, but we have made only two groups: those who repay their loans regularly and those who get some problems (delayed or not paying at all). We used following variables as predictors: economic development of the region where subject live, age of the subjects, percentage of the loans already repaid, interest rate and the currency in which the loans are tied (Croatian kuna, Euro, US dollar and Swiss franc. We have found that probability of bad loans is higher if the subject comes from less developed region, if hi (she) is older, if interest rate is higher and if the loan is tied to Croatian kuna. Logistic regression and discriminant analysis produced similar results. 

Classification results were satisfactory and showed some difference regarding bank risk assessment.
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1. VARIABLES DETERMINING CREDIT RISK ASSESSMENT
Recent financial crisis mainly rose from financial problems inside banks and insurance industry. Risk management policy, standards and measures cracked in recent history. The value of the bank assets was riskier than modern financial models indicated, and banks requested additional capital to avoid liquidity and solvency problems. 

In Croatian bank industry conservative risk management policy and prudentional regulation measures restricted exposure to the volatile financial market of Croatian commercial banks. In empirical sample ratio of bed debt portfolio is less than 3%, thus showing conservative risk policy of Croatian banks. Even though, not all of them are the same, some have only temporarily problems when repaying bank loans. It is obviously that ratio of bad debt loans will increase in the near future due to worldwide financial crises and its transfer to Croatian financial system and risk management tools and strategies have to be improved.

In this paper it is analyzed which variables of the retail loan portfolio inside Croatian banking system are dominant sources of credit risks and important in borrower credit capacity. 

Retail loans can be analyzed on portfolio level by grouping the loans according the related clients attributes. Retail loans are classified in groups as: cash loans, car loans, credit card loans and housing loans. The variables analyzed were: age in years and also categorized (young, middle-aged and older population), interest rates, the amount of loans, the rest of loans, region where clients live (south-north) and loans currency denomination.

2. UNIVARIATE ANALYSIS OF CREDIT RISK IN CROATIA
First, we took a look to particular variables mentioned in the paragraph 1 trying to find whether they are associated with default loans. We have made a cross tabulation for each variable and also Chi-square statistic to determine statistical significance for categorical variables.
For age in years we employed Student t-test for independent samples (equal variances assumed). For default loans mean age was 45,46 years and for non-default was 44,53 which means that the older population tends to have defaults loans with the significance level of 0,042 (one-sided test). The difference in years does not have some practical importance, but significant result was due to rather big sample.  
As far as the interest rate is concerned the authors used same type of test and have found that default loans had average interest rate 10,22 and non-default loans 9,89. The difference was statistically significant at the level of 0,012. Interest rate is connected with some other variables so we need to work out multivariate analysis in later part of this paper.
We have also tried to see if the difference in the amount of credit determines classification into good and bad loans. For default loans the average amount of credit was 22468 Euros and for non-default it was 24103 Euros.  The difference was not significant (p = 0,423). Analyzing the rest of the loan we have not found any practical difference. Significance level was 0,438. 
Using Chi-square statistic we tested the association between default and non-default loans and the region where the clients belong. We divided Croatia in roughly two regions: north and south, assuming that north region of Croatia is more developed. In the south of Croatia there were 2,2% of bad loans while in the north region the percentage was only 0,2% (p < 0.001).

Also, it has proved very interesting to see the situation with type of the loan. Cash and credit card loans were more risky (2,2% for both of them). For car loans the percentage of default loans was 1,1% and for housing loans 1,3%. The differences were significant (p = 0,033).
The situation in Croatia is that almost all loans are tied with the exchange rate of foreign currencies. Only small percent of loans is in Croatian national currency. After financial crisis broke out there are no loans in kunas at all. The majority of our selected loans are tied to Euro (72,18%), the rest in Swiss francs (14,98%) and kunas (12,84%). We excluded the other currencies because their number was very small. Croatian tradition is to save money in German Marks (DEM), and after that, consequently in Euro. Significance level was 0,07. Loans in Swiss francs had default rate of 1,4%, in Croatian kuna 2,3% and in Euro 2,0%.  

3. MULTIVARIATE APPROACH TO CREDIT RISK IN CROATIA

As the situation with credit risk assessment is rather complex and very serious issue, we used two multivariate methods: discriminant analysis and logistic regression. For both analyses we used same variables as in univariate analysis.

Main theoretical assumptions for discriminant analysis are linearity and homoscedasticity. 

In discriminant analysis the main discriminant function is:

[image: image1.wmf]k

k

X

X

X

D

×

+

+

×

+

×

+

=

b

b

b

b

.......

2

2

1

1

0

                                 (1)                          
Probability that particular case with disciminant score D belongs to group i is calculated using Bayes theorem:
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Using discriminant analysis classification results showed sensitivity of 82,4% using following variables: selected currency, type of the loan, region and interest rate. 
Logistic regression gives some additional results compared with discriminant analysis and becomes more and more popular. Model for logistic regression is:
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From the model above we can calculate odds ratios for particular predictor variables. 

We used backward elimination (Wald) and obtained the following results:
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The reference category for type of the loan is cash loans and for the region is south region. 
Sensitivity was similar to the results of discriminant analysis. The only variables left after backward elimination were type of the loan and the region. Odds ratio for the region is the highest and this is really embarrassing to see such a big differences between north and south of Croatia. It means that the client from the south is about 15 times more risky to belong to default group then the client from the north. 
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