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Semester Regression Analysis Spring 2011

Predicting Delinquency
Introduction

As an advocate of not losing money I wanted to focus my attention on how to predict delinquency rates with regard to the repayment of loans at commercial banks. Using quarterly data from 1985 to 2011 I conducted several analyses which involved 5 variables: savings rates, interest rates, household debt service payments as a percent of disposable income, natural unemployment, and delinquency rates. Using these variables I hoped to find some method of predicting delinquency rates. My reasoning was if we can approximate delinquency rates then we could set reserves accordingly and modify reserves accordingly. Delinquency has always been an issue for banks and if one knows when delinquency might be on the rise, they could better hedge against such losses. 

Y = Delinquency Rates

X1 = Savings rates
X2 = Interest rates
X3 = Household debt service payments as a percent of disposable income
X4 = Natural unemployment
Methodology

My methodology was simple, use the data analysis add-in for Microsoft excel and find the minimal amount of variables necessary to predict delinquency rates. 

When choosing the variables to use I mainly sought out what would be available to the banking industry. As a bank, I assumed they would have access, based on certain assumptions, to savings rates, interest rates and natural unemployment rates. My only variable which I considered not easily acquired was that they would have to use some research firm to find household debt service payments as a percent of disposable income; however I included it in my analysis anyway, in case it yielded significant results. 

After using the 4 variables to predict delinquency rates I came up with the following statistics:

	Regression Statistics
	
	
	
	

	Multiple R
	0.857603061
	
	
	
	

	R Square
	0.735483011
	
	
	
	

	Adjusted R Square
	0.72500709
	
	
	
	

	Standard Error
	0.88451466
	
	
	
	

	Observations
	106
	
	
	
	

	
	
	
	
	

	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	219.7103514
	54.92758784
	70.20700668
	2.602E-28

	Residual
	101
	79.01898449
	0.782366183
	
	

	Total
	105
	298.7293358
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-18.19761066
	2.800530409
	6.497915751
	3.11865E-09

	Savings Rate 
	0.258895648
	0.103495844
	2.501507664
	0.013973278

	Interest Rate 
	-0.800648071
	0.084843824
	9.436727828
	1.56261E-15

	Household Debt
	-0.163878634
	0.132004299
	1.241464367
	0.217309713

	Unemployment
	5.125463055
	0.617827557
	8.295944392
	4.92375E-13


Y = 0.26X1 – 0.80X2 – 0.16X3 + 5.13X4 – 18.20 

This doesn’t tell us much concerning delinquency. In fact, it’s fairly difficult to say if there is much ability to predict delinquency rates at all, however, for the purpose of this project I continued on. I had spent a good deal of time gathering this data and thinking of a useful topic, and I didn’t feel like dumping everything simply because my variables weren’t the best at predicting delinquency. Furthermore, this project is about understanding how to do regression, rather than actually finding something amazing. 

So after my disheartening discovery I went ahead and analyzed the data further, trying to determine which variables yielded the most accurate predictions. Thus, after looking at the coefficients I determined that the most influential variables were unemployment, interest rates, and savings rates, based on the t statistics (and also the P-value) at 95%. Knowing this, I removed household debt service payments as a percent of disposable income so that I could make my analysis more efficient. Indeed, the results it yielded were similar to the results using all 4 variables:

	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	

	Regression Statistics
	
	
	
	

	Multiple R
	0.855246485
	
	
	
	

	R Square
	0.73144655
	
	
	
	

	Adjusted R Square
	0.723547919
	
	
	
	

	Standard Error
	0.886858267
	
	
	
	

	Observations
	106
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	3
	218.5045
	72.83485
	92.60422
	5.29E-29

	Residual
	102
	80.22479
	0.786518
	
	

	Total
	105
	298.7293
	 
	 
	 


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-19.64575403
	2.552781
	-7.69582
	9.26E-12

	Savings Rate
	0.322685666
	0.090078
	3.582298
	0.000524

	Interest Rate
	-0.771237691
	0.081685
	-9.44158
	1.4E-15

	Unemployment
	4.92703552
	0.598376
	8.23401
	6.34E-13


Y = .32X1 – 0.77X2 + 4.93X4 – 19.65 

Viewing the 3-variable model, which had an R-squared value roughly the same as the 4-variable model, I noticed that the unemployment coefficient as well as the t-statistic at 95% was still relatively significant. Realizing this, I applied the same strategy as before and removed the variable with the lowest t-statistic to see how a 2-variable model would work. 
	Regression Statistics
	
	
	

	Multiple R
	0.835259965
	
	
	

	R Square
	0.697659209
	
	
	

	Adjusted R Square
	0.691788514
	
	
	

	Standard Error
	0.936415723
	
	
	

	Observations
	106
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	2
	208.4112721
	104.2056
	118.8376

	Residual
	103
	90.31806376
	0.876874
	

	Total
	105
	298.7293358
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-25.94370509
	1.954336659
	-13.2749
	4.86E-24

	Interest Rate
	-0.818732902
	0.085106079
	-9.62015
	5.18E-16

	Unemployment
	6.457553579
	0.44235689
	14.59806
	7.91E-27


Y = – 0.82X2 + 6.46X4 – 25.94 

The 2-variable model produced splendid results. Compared to the other models this one had a fairly high R-square value (as well as adjusted R-square) and was still significant, based on the t and F statistics. Indeed, with an adjusted R-square of approximately .69 compared to the adjusted R-square of the 3 and 4 variable models, which were approximately .72 and .73, respectively, and with it having the least number of superfluous variables, I felt the 2-variable model was the best candidate for predicting delinquency rates.
However, my analysis was not finished. I wanted to check two more issues. The first being the multicollinearity of the interest rate and unemployment, and the second, if it turns out there is a strong correlation, being how well the single-variable of unemployment would predict delinquency rates.

Unfortunately, there was a decent amount of correlation between the interest rate and unemployment, roughly .84. With that in mind I decided to view the most significant of the variable, unemployment, and see how it predicted delinquency rates. 
	Regression Statistics
	
	
	

	Multiple R
	0.652688
	
	
	

	R Square
	0.426001
	
	
	

	Adjusted R Square
	0.420482
	
	
	

	Standard Error
	1.284038
	
	
	

	Observations
	106
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	1
	127.259
	127.259
	77.18498177

	Residual
	104
	171.4703
	1.648753
	

	Total
	105
	298.7293
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-11.7347
	1.754901
	-6.68684
	1.1688E-09

	Unemployment
	2.873865
	0.327115
	8.785498
	3.43317E-14


Y = 2.87X4 – 11.73 

As highlighted above, the single-variable model resulted in a much lower R-square than the 2-variable model. Furthermore, the t-statistics were higher for the 2-variable model than the single. With these observations in mind I think a conclusion can be reached.

Conclusion

The 2-variable model, using unemployment and interest rate, are the best predictors of delinquency with regard to loans. Although the multicollinearity between the two variables is high, unemployment by itself is not an adequate predictor. Furthermore, although the 4 and 3 variable models had higher R-square values, the superfluous variables made them less efficient than our 2-variable model which yielded similar results. 

Our final model for predicting delinquency rates is as follows:

2-variable model using Unemployment and Interest Rates:

Y = – 0.82X2 + 6.46X4 – 25.94 

	Regression Statistics
	
	
	

	Multiple R
	0.835259965
	
	
	

	R Square
	0.697659209
	
	
	

	Adjusted R Square
	0.691788514
	
	
	

	Standard Error
	0.936415723
	
	
	

	Observations
	106
	
	
	

	
	
	
	
	

	ANOVA
	
	
	
	

	 
	df
	SS
	MS
	F

	Regression
	2
	208.4112721
	104.2056
	118.8376

	Residual
	103
	90.31806376
	0.876874
	

	Total
	105
	298.7293358
	 
	 

	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	-25.94370509
	1.954336659
	-13.2749
	4.86E-24

	Interest Rate
	-0.818732902
	0.085106079
	-9.62015
	5.18E-16

	Unemployment
	6.457553579
	0.44235689
	14.59806
	7.91E-27


Data Sources:

	Title:
	Personal Saving Rate

	Series ID:
	PSAVERT

	Source:
	U.S. Department of Commerce: Bureau of Economic Analysis

	Release:
	Personal Income and Outlays

	Seasonal Adjustment:
	Seasonally Adjusted Annual Rate

	Frequency:
	Quarterly

	Aggregation Method:
	Average

	Units:
	Percent

	Date Range:
	1959-01-01 to 2011-11-01

	Last Updated:
	2011-12-23 8:06 AM CST

	Notes:
	Personal saving as a percentage of disposable personal income (DPI),

	
	

	
	Calculated as the ratio of personal saving to DPI.

	Title:
	Interest Rates, Government Securities, Government Bonds for United States

	Series ID:
	INTGSBUSM193N

	Source:
	International Monetary Fund

	Release:
	International Financial Statistics (Not a Press Release)

	Seasonal Adjustment:
	Not Seasonally Adjusted

	Frequency:
	Quarterly

	Aggregation Method:
	Average

	Units:
	Percent per Annum

	Date Range:
	1953-04-01 to 2011-09-01

	Last Updated:
	2011-11-16 2:31 PM CST

	Notes:
	Notes regarding this series can be found in International Financial

	
	Statistics Yearbooks produced by the International Monetary Fund

	
	(IMF).  We have requested these publications from the IMF.  Notes on

	
	This series will populate once they become available.


	Title:
	Household Debt Service Payments as a Percent of Disposable Personal Income

	Series ID:
	TDSP

	Source:
	Board of Governors of the Federal Reserve System

	Release:
	Household Debt Service and Financial Obligations Ratios

	Seasonal Adjustment:
	Not Applicable

	Frequency:
	Quarterly

	Units:
	Percent

	Date Range:
	1980-01-01 to 2011-07-01

	Last Updated:
	2011-12-16 11:16 AM CST

	Notes:
	For further information please see the Board of Governors web site at 

	
	http://www.federalreserve.gov/releases/housedebt/default.htm

	
	http://www.federalreserve.gov/releases/housedebt/about.htm


	Title:
	Natural Rate of Unemployment

	Series ID:
	NROU

	Source:
	U.S. Congress: Congressional Budget Office

	Release:
	Budget and Economic Outlook

	Seasonal Adjustment:
	Not Applicable

	Frequency:
	Quarterly

	Units:
	Percent

	Date Range:
	1949-01-01 to 2021-10-01

	Last Updated:
	2011-06-24 9:31 AM CDT


	Title:
	Delinquency Rate On All Loans, All Commercial Banks

	Series ID:
	DRALACBN

	Source:
	Board of Governors of the Federal Reserve System

	Release:
	Charge-Off and Delinquency Rates on Loans and Leases at Commercial Banks

	Seasonal Adjustment:
	Not Seasonally Adjusted

	Frequency:
	Quarterly, End of Period

	Units:
	Percent

	Date Range:
	1985-01-01 to 2011-07-01

	Last Updated:
	2011-12-06 2:16 PM CST


