xxxxxxx xxxxx
Student Project

Regression Analysis

Spring 2012

Overview

The goal of this project was to examine the impact of seven explanatory variables on foreclosure rates across the United States in 2009 through the use of multiple linear regression analysis.  The explanatory variables used in the analysis were median household income, median home value, cost of living index, property tax (as a percentage of median home value), unemployment rate, state income tax, and state sales tax.  The data for this project came from 30 different cities and states where the size of the city was one of the largest in the state with respect to population.  A list of these cities and states can be found in the Appendix.
Variables

Y: Foreclosure Rate

X1: Median Household Income

X2: Median Home Value

X3: Cost of Living Index

X4: Property Tax (as a percentage of median home value)

X5: Unemployment Rate

X6: State Income Tax Rate

X7: State Sales Tax Rate

Methodology

The regression add-on tool in Microsoft Excel was employed to perform a multiple linear regression analysis on the explanatory variables described above to find a best fit regression model for the observed foreclosure rates.  The results of the regression model will be analyzed along with the statistics surrounding the parameters to determine if explanatory variables could be eliminated from the model due to a lack of significant impact on the accuracy of the model.
Results

For the first regression analysis, it is assumed that all the explanatory variables have a material impact on the foreclosure rates for homes across the United States.  The following equation reflects this fact:

Y = a + b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + b7X7
The regression results produced by Excel for this first analysis is as follows:
[image: image1.emf]Regression Statistics

Multiple R 0.621093062

R Square 0.385756592

Adjusted R Square 0.190315507

Standard Error 0.09313576

Observations 30

ANOVA

df SS MS F

Regression 7 0.119847356 0.017121051 1.973774311

Residual 22 0.190833936 0.00867427

Total 29 0.310681292

Coefficients Standard Error t Stat P-value

Intercept -0.285905761 0.255030935 -1.121063064 0.274349493

Med House Income 8.61897E-06 3.40754E-06 2.529380606 0.019098715

Med Home Value -2.69903E-07 3.27587E-07 -0.823913521 0.418831682

COL Index -0.111755744 0.164641995 -0.678780309 0.50435568

Property Tax -3.216628372 4.884414841 -0.658549381 0.517018599

Unemploy Rate 1.998977265 0.889950223 2.246167497 0.035063735

State Inc Tax -0.633643401 0.759866229 -0.833888094 0.413306989

State Sales Tax 1.252742951 1.26639156 0.989222442 0.333310133


Based on these results, the regression equation is as follows:

Y = -.286 + .00000862X1 - 2.699X2 - .112X3 - 3.217X4 + 1.999X5 - .634X6 + 1.253X7
The coefficient of each explanatory variable describes the impact on the response variable while holding constant the value of all other explanatory variables.  From this equation, it can be seen that foreclosure rates are proportional to household income, unemployment rates, and state sales tax rates.  It can also be seen that foreclosure rates are inversely proportional to home value, cost of living, property taxes, and state income tax.  The proportional relationships intuitively make sense as far as their impact on foreclosure rates.  The inverse relationship of income taxes and home values to foreclosure rates is a bit less intuitive.
Examining the p-values for the coefficients the only two that are below .05, and thus implying significant impact on foreclosure rates, are median household income and unemployment rates.  This suggests that some of the other coefficients with higher p-values do not likely have a significant impact on foreclosure rates and can thus be removed.  Other items suggesting that some of the coefficients could be removed are the F-statistic and the adjusted R2.  The F-statistic should be significantly above 1 in order to reject the null hypothesis that all coefficients are zero.  Since the current F-statistic is just above 1, this model does not appear to be a good fit.  Also, the R2 is rather low for this model also suggesting this is not the best combination of variables.  To remedy these issues, explanatory variables (other than median household income and unemployment rates due to their low p-values) will be removed one at a time starting with the highest p-value and working down to see if a better model can be found to represent foreclosure rates.  Following this logic, the first explanatory variable to be removed is property tax.  The resulting multiple linear regression model is as follows:

Y = a + b1X1 + b2X2 + b3X3 + b5X5 + b6X6 + b7X7
The regression results produced by this model are as follows:
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Multiple R 0.611267516

R Square 0.373647976

Adjusted R Square 0.210251795

Standard Error 0.091982006

Observations 30

ANOVA

df SS MS F

Regression 6 0.116085436 0.019347573 2.286760773

Residual 23 0.194595856 0.008460689

Total 29 0.310681292

Coefficients Standard Error t Stat P-value

Intercept -0.293528596 0.25161208 -1.166591826 0.255329252

Med House Income 8.74481E-06 3.36003E-06 2.602596433 0.015917085

Med Home Value -1.75133E-07 2.90639E-07 -0.602577516 0.552685183

COL Index -0.140616165 0.156736326 -0.897151082 0.37893354

Unemploy Rate 1.923139045 0.87153605 2.206608717 0.037596937

State Inc Tax -0.692161016 0.745304274 -0.928695889 0.362691418

State Sales Tax 0.96807745 1.17558937 0.82348265 0.418690866


Based on these results, the regression equation is as follows:

Y = -.294 + .00000875X1 – 1.751X2 - .141X3 + 1.923X5 - .692X6 + .968X7
The F-statistic increased farther above 1 with the removal of property taxes which suggests it was correct to remove it from the model.  Also the adjusted R2 increased with the removal of property taxes which suggests a better fit with this model as well.  The p-values for median household income and unemployment rates did not change by much and most other p-values decreased with the removal of property taxes which is good for the model.  One p-value that increased significantly was median home value so the next analysis will be to remove this variable and determine the effect on the model.  The resulting multiple linear regression model is as follows:
Y = a + b1X1 + b3X3 + b5X5 + b6X6 + b7X7
The regression results produced by this model are as follows:
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Multiple R 0.603125022

R Square 0.363759793

Adjusted R Square 0.231209749

Standard Error 0.090753313

Observations 30

ANOVA

df SS MS F

Regression 5 0.113013362 0.022602672 2.744320437

Residual 24 0.19766793 0.008236164

Total 29 0.310681292

Coefficients Standard Error t Stat P-value

Intercept -0.175262967 0.155339567 -1.128257085 0.270364207

Med House Income 7.46904E-06 2.57424E-06 2.90145669 0.007833309

COL Index -0.212634172 0.100045996 -2.125364149 0.044046183

Unemploy Rate 1.699651326 0.778146289 2.184231102 0.038948721

State Inc Tax -0.788660076 0.718172671 -1.098148269 0.283035116

State Sales Tax 0.886245154 1.152120656 0.769229464 0.44926178


Based on these results, the regression equation is as follows:

Y = -.175 + .00000747X1 - .213X3 + 1.700X5 - .789X6 + .886X7
Removing median home value increased both the F-statistic and the adjusted R2 values indicating this model is a better fit.  Also, the original two p-values that were below .05, median household income and unemployment rate, decreased more or remained relatively level which also reflects a better fit.  In addition, another explanatory variable joined median household income and unemployment with a p-value under .05 and that variable is the COL index.  This suggests that this explanatory variable has a greater impact on foreclosure rates when in combination with the current set of variables.  One variable whose p-value increased and is still very high is state sales tax.  This variable will be removed from the model and the results will be examined to determine if the new model provides a better fit.  The new model is as follows:
Y = a + b1X1 + b3X3 + b5X5 + b6X6
The regression results produced by this model are as follows:
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Multiple R 0.5899775

R Square 0.34807345

Adjusted R Square 0.243765202

Standard Error 0.090009196

Observations 30

ANOVA

df SS MS F

Regression 4 0.108139909 0.027034977 3.336969577

Residual 25 0.202541383 0.008101655

Total 29 0.310681292

Coefficients Standard Error t Stat P-value

Intercept -0.128905439 0.141999133 -0.907790324 0.372656991

Med House Income 7.3153E-06 2.54542E-06 2.873900551 0.00815743

COL Index -0.206931315 0.098952872 -2.09121081 0.046831269

Unemploy Rate 1.800327992 0.760771302 2.366450979 0.02601766

State Inc Tax -0.916208093 0.693039571 -1.322014111 0.198132845


Based on these results, the regression equation is as follows:

Y = -.129 + .00000732X1 - .207X3 + 1.800X5 - .916X6
Removing state sales tax increased the F-statistic and the adjusted R2 value suggesting this model is a better fit for foreclosure rates.  Also, the three variables with p-values under .05 saw a decrease in p-value or little change in the p-value in the new model suggesting this model is a better fit.  One variable whose p-value is still high however is state income tax.  This variable will be removed from the model and the regression results will be analyzed to see if the new model is a better fit.  The new model is as follows:

Y = a + b1X1 + b3X3 + b5X5
The regression results produced by this model are as follows:
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Multiple R 0.549998194

R Square 0.302498013

Adjusted R Square 0.222017015

Standard Error 0.091294287

Observations 30

ANOVA

df SS MS F

Regression 3 0.093980474 0.031326825 3.758626495

Residual 26 0.216700819 0.008334647

Total 29 0.310681292

Coefficients Standard Error t Stat P-value

Intercept -0.173957291 0.139817425 -1.244174615 0.224535389

Med House Income 7.50878E-06 2.57749E-06 2.91320866 0.007258203

COL Index -0.239527504 0.097200001 -2.464274709 0.020657102

Unemploy Rate 2.019846541 0.753028926 2.682296087 0.012537857


Based on these results, the regression equation is as follows:

Y = -.174 + .00000751X1 - .240X3 + 2.020X5
The F-statistic increased for this model suggesting a better fit but contradicting that is the slight decline in the adjusted R2 value.  However, since the p-values of the explanatory variables and the intercept decreased significantly with this model, it is believed that this model is a better fit than the previous model examined.  Since the p-values are low and the F-statistic is almost 4x greater than 1, it is believed that median household income, COL index, and unemployment rates are the best combination to model foreclosure rates across the United States.
Thus the following model is the selected multiple regression model based on the analysis above:

Y = -.174 + .00000751X1 - .240X3 + 2.020X5
Appendix
A list of the 30 US cities and states used in this analysis can be found below:

	Mobile, AL
	Little Rock, AR
	Phoenix, AZ
	Los Angeles, CA
	Denver, CO

	Hartford, CT
	Washington, D.C
	Columbus, GA
	Honolulu, HI
	Des Moines, IA

	Worcester, MA
	Baltimore, MD
	Minneapolis, MN
	Columbia, MO
	Charlotte, NC

	Lincoln, NE
	Atlantic  City, NJ
	Las Vegas, NV
	New York, NY
	Cincinnati, OH

	Oklahoma City, OK
	Portland, OR
	Philadelphia, PA
	Providence, RI
	Charleston, SC

	Memphis, TN
	Dallas, TX
	Virginia Beach, VA
	Seattle, WA
	Milwaukee, WI


Sources of data are as follows:

Y: Foreclosure Rates ( www.zillow.com
X1: Median Household Income ( www.city-data.com

X2: Median Home Value ( www.city-data.com

X3: Cost of Living Index ( www.city-data.com

X4: Property Tax (as a percentage of median home value) ( www.city-data.com

X5: Unemployment Rate ( www.city-data.com

X6: State Income Tax Rate ( taxfoundation.org

X7: State Sales Tax Rate ( taxfoundation.org

