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Regression analysis of Single Family Home Prices in major US cities
Introduction:

The purpose of this project is to perform linear regression to model prices of single family homes in major US cities. In this project, we intend to explore the relationship between single family home prices in major US cities and seven explanatory variables; median household income, average January temperature, violent crime rates per a hundred thousand of population, state income tax rate, unemployment rate, air quality index and land area. 
To perform the analysis, thirty three major US cities with population of over five hundred thousand are selected, and the most recent data regarding the dependent (response) variable (single family home prices) and the above mentioned explanatory variables, such as median household income and average January temperature, are downloaded from public websites. 
Variables:
Y: Single family home prices in a major US city (list of major US cities are located on last page)
X1: Median household income

X2: Average January temperature

X3: Violent crime rates per 100K in population
X4: State income tax rate
X5: Unemployment rate
X6: Air quality index

X7: Land area

Methodology:
Microsoft Excel regression add-in program is used on multiple explanatory variables in order to generate a liner regression model that best fit the observed single family home prices. Regression analysis results will then be examined in order to determine which variables that do not have significant impact on single family home prices and thus be removed from subsequent modeling attempts.
Regression Results:

In our first analysis, we assume that all the above mentioned seven variables have significant impact on single family home prices in major US cities. The following equation will be used:
Y = a + b1 X1 + b2X2 + b3X3 + b4 X4 + b5 X5 + b6 X6 +b7 X7
Here is the first regression result with all seven explanatory variables:
	Regression Statistics
	
	
	
	

	Multiple R
	0.944515567
	
	
	
	

	R Square
	0.892109657
	
	
	
	

	Adjusted R Square
	0.861900361
	
	
	
	

	Standard Error
	43038.92456
	
	
	
	

	Observations
	33
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	7
	3.82912E+11
	54701653821
	29.53096475
	1.44496E-10

	Residual
	25
	46308725676
	1852349027
	
	

	Total
	32
	4.2922E+11
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-305,692.78
	76,521.90
	-3.99
	0.000502
	

	Land Area
	-124.17
	60.37
	-2.06
	0.050282
	

	Median household income
	6.98
	1.04
	6.74
	0.000000
	

	Avg. Jan temp
	3,544.58
	1,194.62
	2.97
	0.006534
	

	Violent Crime Rates per 100K
	-70.88
	25.30
	-2.80
	0.009688
	

	Air Quality Index
	355.42
	393.25
	0.90
	0.374730
	

	State Income tax Rate
	1,445,845.31
	394,477.31
	3.67
	0.001164
	

	Unemployment Rate
	187.61
	6,124.54
	0.03
	0.975805
	


The following is the resulting first regression model:
Y = -305,692.78 -124.17 X1 + 6.98 X2 + 3,544.58 X3 -70.88 X4 + 355.42 X5 + 1,445,845.31 X6 +187.61 X7

The coefficients of each explanatory variable indicate its impact on the response (dependent) variable while holding constant the value of other explanatory variables. From this model, we can conclude that land area and violent crime rates are inversely proportional to single value home prices in major US cities, while median household income, average January temperature (proxy for harshness of winter weather in a given city), air quality index, state income tax rate and unemployment rate are proportional to single family home prices in major US cities. However, the proportional relationship between single family home prices in US cities and state income tax rate and unemployment rate are not intuitive. 
Since the p-values of air quality index and unemployment rate are fairly high, base on 95% confidence level, we can conclude that these two variables are not significant explanatory variables to model single family home prices in major US cities. Therefore, in our second attempt, we will remove these two variables and the following linear regression model will be used:
Y = a + b1 X1 + b2X2 + b3X3 + b4 X4 + b5 X5 

Here is the second regression analysis result:

	Regression Statistics
	
	
	
	

	Multiple R
	0.942307859
	
	
	
	

	R Square
	0.887944101
	
	
	
	

	Adjusted R Square
	0.867193009
	
	
	
	

	Standard Error
	42206.13738
	
	
	
	

	Observations
	33
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	5
	3.81124E+11
	76224727110
	42.79023404
	5.30883E-12

	Residual
	27
	48096666872
	1781358032
	
	

	Total
	32
	4.2922E+11
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%

	Intercept
	-285,359.39
	58,608.92
	-4.87
	0.000043
	-405,614.97

	Land Area
	-124.38
	55.02
	-2.26
	0.032063
	-237.27

	Median household income
	7.11
	0.90
	7.91
	0.000000
	5.27

	Avg. Jan temp
	3,193.65
	943.47
	3.39
	0.002193
	1,257.82

	Violent Crime Rates per 100K
	-60.80
	21.91
	-2.77
	0.009914
	-105.76

	State Income tax Rate
	1,413,263.66
	346,493.47
	4.08
	0.000359
	702,317.79

	 
	 
	 
	 
	 
	 


The following is the second regression model:
Y = -285,359.39-124.38 X1 + 7.11 X2 + 3,193.65 X3 -60.88 X4 + 1,413,263.66 X5

By comparing the second regression result to the first, the adjusted R2 of the second regression model of 0.86719 is higher than 0.86190 of the first model, suggesting that the second model provides a better fit than the first. The higher F statistic of 42.79 of the second model vs. 29.53 in the first model also reflects upon the superiority of the second model. 
In our next step, we will explore if removing land area as an explanatory variable will provide an even better fit, as it is showing the highest p value among all remaining explanatory variables. 

The following is the third regression model:
Y = a + b1 X1 + b2X2 + b3X3 + b4 X4

Here is the third regression result:
	Regression Statistics
	
	
	
	

	Multiple R
	0.930987366
	
	
	
	

	R Square
	0.866737476
	
	
	
	

	Adjusted R Square
	0.847699972
	
	
	
	

	Standard Error
	45197.57456
	
	
	
	

	Observations
	33
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	3.72021E+11
	9.3E+10
	45.52789595
	7.31678E-12

	Residual
	28
	57198980894
	2.04E+09
	
	

	Total
	32
	4.2922E+11
	 
	 
	 

	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	-334,952.99
	58,199.64
	-5.76
	0.000004
	

	Median household income
	8.10
	0.84
	9.62
	0.000000
	

	Avg. Jan temp
	2,181.95
	889.42
	2.45
	0.020644
	

	Violent Crime Rates per 100K
	-58.42
	23.44
	-2.49
	0.018885
	

	State Income tax Rate
	1,371,304.16
	370,519.00
	3.70
	0.000931
	


The following is the third regression model:

Y = -334,952.99 +8.1 X1 + 2,181.95 X2 – 58.42 X3 +1,371,304.16 X4 

From the third regression model, the adjusted R2 has reduced to 0.8477 from 0.8672 in the second model, suggesting a poorer fit. Also, even though the F statistic has slightly improved to 45.53 from 42.79 in the second model, the p value of other explanatory variables, such as average January temperature and violent crime rate, increased when compared to the second model. Together with the intuitive sense that a smaller land area is a proxy of smaller supply of land to build potential homes, we selected the second model with five explanatory variables; land area, median household income, average January temperature, violent crime rate and state income tax rate, as the best combination to model single family home prices in major US cities. 
The following is thus our final selected regression model:

Y = -285,359.39-124.38 X1 + 7.11 X2 + 3,193.65 X3 -60.88 X4 + 1,413,263.66 X5

Addendum:
Here is the list of thirty three major US cities in our analysis:

	New York
	Dallas
	Charlotte
	Nashville

	Los Angeles
	San Jose
	Detroit
	Denver

	Chicago
	Jacksonville
	El Paso
	Louisville

	Houston
	Indianapolis
	Memphis
	Milwaukee

	Philadelphia
	San Francisco
	Baltimore
	Portland

	Phoenix
	Austin
	Boston
	Las Vegas

	San Antonio
	Columbus
	Seattle
	Oklahoma City

	San Diego
	Fort Worth
	Washington
	Albuquerque

	 
	 
	 
	Tucson


Here are the sources of data:
Y: Single family home prices in a major US city (from city-data.com)

X1: Median household income (from wikipedia.com)

X2: Average January temperature (from weather.com)

X3: Violent crime rates per 100K in population 

X4: State income tax rate (from bankrate.com)
X5: Unemployment rate (from bls.gov)
X6: Air quality index (from airnow.gov)
X7: Land area (from wikipedia.com)
