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I.  Introduction

Real estate is a very profitable business around the world.  The ratio of square kilometers to population in the United States is 0.03 sq km per capita, and with an annual population growth rate of 0.92% this number is getting smaller every year 2.  As human population grows every year it makes the acquisition of land more expensive.  This rise in value of property over time is defined as appreciation.  Houses, buildings and other constructions are built over land and although these constructions depreciate or loose monetary value over time, the appreciation of the land they are built on more than compensates this loss in almost every instance.
 
This term paper will address the statistical study of the average prices of houses sold in the United States spanning a period of ten years from 1995 to 2005.  Monthly data will be used for this purpose.  All of these prices have included the price of land as well1.  

The topic of this paper is of interest to me because one of my goals is to begin to work in the Real Estate industry after I finish obtaining my graduate degree.  Being able to analyze and forecast house prices would give me a competitive advantage in the field either here or back home in Ecuador where presently the Real Estate business is not as competitive as in the United States.  
This topic is interesting and important not only for business students but also to anyone who is interested in some day owning a house.  Forecasting house prices could be an important tool for planning or deciding in buying a house or not.  
In conclusion, the analysis of prices of house sold is an important and interesting subject in many levels:  to understand how population growth could affect our living conditions, for workers in the Real Estate industry that would like to have a competitive advantage in their field and for the general public because it provides a useful tool such as forecasting to aid in the decision of buying a house.    
II.   Plan

The ultimate objective of this term paper is to generate a model that would forecast future prices of houses for sale in the market within an acceptable range of error.  


With the help of the E-views software the data would be analyzed in order to determine if it is stationary; in other words, we will determine if the data, as it is, can be forecasted. Several equations will be tested using the price of the houses sold data and a time variable.  If necessary, the models will be adapted in order to detrend and deseasonalize the series.  By looking at the autocorrelation and partial autocorrelation figures and data output given by Eviews as well as the Akaike and Schwarz Information Criterion the best model will be selected.  Its stability will be tested with the Cusum Plot.  At the end, a forecast will be generated based on the chosen model.  
III.  Analysis 


Graphing the data on Eviews clearly shows that the series presents a trend (FIG 1).  An effective way of de-trending a time series is to use the logarithm of the data.  Only to be sure that other functions were not overlooked, a linear and quadratic functions were tested –the R2, Akaike information criterion and the Schwarz information criterion are going to be used to analyze all the regression models in this section of the paper.  The results were the following:
	 
	R squared
	AIC
	SIC

	Linear
	0.933069
	21.20792
	21.25365

	Quadratic
	0.972174
	20.34657
	20.41509

	Exponential
	0.96211
	-3.891839
	-3.846113


*see appendix for information outputs  
According to the Akaike information criterion (AIC) the exponential model is the best fitted of the three.  However, the autocorrelation and partial autocorrelation graphs and probabilities show us that the exponential model shows serial autocorrelation*.  A reason for this could be that the series has a seasonality effect within it.  

In order to de-seasonalize the series, dummy variables were created.  A dummy variable is a numerical variable used to represent subgroups of the sample3.  D1 was created to represent the first month, D2 for the second month and so on until 12 dummy variables were created, one for each month.  The exponential de-seasonalized regression showed the following results:
	 
	R squared
	AIC
	SIC

	exponential D
	0.964952
	-3.790929
	-3.493706


*
Although the numbers are satisfactory, the autocorrelation (AC) and partial autocorrelation (PAC) graphs and probabilities still show autocorrelation in the series*. 

Another statistical tool useful in this situation is the ARMA model, which is the autoregressive and moving-average model combined4.  The different ARMA combinations gave the following results:
	 
	R squared
	AIC
	SIC

	exponential D AR1
	0.976879
	-4.195676
	-3.873903

	exponential D AR2
	0.980956
	-4.384835
	-4.038249

	exponential D AR3
	0.980816
	-4.368793
	-3.997127

	exponential D AR1 MA1
	0.981525
	-4.403604
	-4.058848

	exponential D AR1 MA2
	0.981604
	-4.391455
	-4.023714

	exponential D AR1 MA3
	0.982034
	-4.398719
	-4.007994

	exponential D AR2 MA1
	0.981355
	-4.3895
	-4.019809

	exponential D AR2 MA2
	0.981592
	-4.385755
	-3.992958

	exponential D AR2 MA3
	0.981747
	-4.377722
	-3.961819

	exponential D AR3 MA1
	0.981801
	-4.404845
	-4.00995

	exponential D AR3 MA2
	0.981845
	-4.390621
	-3.972497

	exponential D AR3 MA3
	0.98246
	-4.408417
	-3.967064


The ARMA 3,3 process seems to be the most adequate according to the AIC, which is the smallest.   Also, the AC and PAC graphs and probabilities show that there is no serial correlation*.  This is also corroborated by the Durbin-Watson statistic which is around 2*.  
With the right model chosen, the next step is to forecast.  An in-sample forecast will be used for this paper in order to compare the actual data with the forecast generated.
The method above described has the advantage that it has a fitted equation that resembles the actual data.  However, the fact that an ARMA 3,3 component is being used might lead us to loose important information and not adhere to the Parsimony Principle (using a simple model).
IV.  Conclusion

The conclusion arrived from this paper is that some time series like this one cannot be accurately explained in an univariate level.  However, the final model used here or any other that the reader can come up with can be helpful as a guiding tool in their involvement in the Real Estate business.

V.  Appendix

I.  TABLES AND GRAPHS
· Average Price of Houses sold in the U.S. line graph
FIGURE 1
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· Linear equation

FIGURE 2
	Dependent Variable: HOUSE

	Method: Least Squares

	Date: 06/22/05   Time: 05:51

	Sample: 1995:02 2005:04

	Included observations: 123

	
	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	

	
	
	
	
	
	

	C
	144427.6
	1733.556
	83.31291
	0.0000
	

	TIME
	1008.757
	24.56126
	41.07107
	0.0000
	

	
	
	
	
	
	

	R-squared
	0.933069
	    Mean dependent var
	205961.8
	

	Adjusted R-squared
	0.932516
	    S.D. dependent var
	37230.81
	

	S.E. of regression
	9671.710
	    Akaike info criterion
	21.20792
	

	Sum squared resid
	1.13E+10
	    Schwarz criterion
	21.25365
	

	Log likelihood
	-1302.287
	    F-statistic
	1686.833
	

	Durbin-Watson stat
	0.483882
	    Prob(F-statistic)
	0.000000
	

	
	
	
	
	
	

	
	
	
	
	
	


FIGURE 2.1
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· Quadratic equation

FIGURE 3
	Dependent Variable: HOUSE

	Method: Least Squares

	Date: 06/22/05   Time: 05:59

	Sample: 1995:02 2005:04

	Included observations: 123

	
	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	

	
	
	
	
	
	

	C
	160428.2
	1666.728
	96.25339
	0.0000
	

	TIME
	215.3398
	63.13334
	3.410873
	0.0009
	

	TIME^2
	6.503421
	0.500801
	12.98605
	0.0000
	

	
	
	
	
	
	

	R-squared
	0.972174
	    Mean dependent var
	205961.8
	

	Adjusted R-squared
	0.971710
	    S.D. dependent var
	37230.81
	

	S.E. of regression
	6262.095
	    Akaike info criterion
	20.34651
	

	Sum squared resid
	4.71E+09
	    Schwarz criterion
	20.41509
	

	Log likelihood
	-1248.310
	    F-statistic
	2096.232
	

	Durbin-Watson stat
	1.158523
	    Prob(F-statistic)
	0.000000
	

	
	
	
	
	

	
	
	
	
	
	

	FIGURE 3.1
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· Exponential equation

FIGURE 4

	Dependent Variable: LOG(HOUSE)

	Method: Least Squares

	Date: 06/22/05   Time: 06:22

	Sample: 1995:02 2005:04

	Included observations: 123

	
	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	

	
	
	
	
	
	

	C
	11.92547
	0.006146
	1940.359
	0.0000
	

	TIME
	0.004827
	8.71E-05
	55.42992
	0.0000
	

	
	
	
	
	
	

	R-squared
	0.962110
	    Mean dependent var
	12.21990
	

	Adjusted R-squared
	0.961797
	    S.D. dependent var
	0.175433
	

	S.E. of regression
	0.034289
	    Akaike info criterion
	-3.891839
	

	Sum squared resid
	0.142267
	    Schwarz criterion
	-3.846113
	

	Log likelihood
	241.3481
	    F-statistic
	3072.476
	

	Durbin-Watson stat
	0.838920
	    Prob(F-statistic)
	0.000000
	

	
	
	
	
	
	

	
	
	
	
	
	


FIGURE 4.1
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· Exponential de-seasonalized
FIGURE 5
	Dependent Variable: LOG(HOUSE)

	Method: Least Squares

	Date: 06/22/05   Time: 06:37

	Sample: 1995:02 2005:04

	Included observations: 123

	
	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	

	
	
	
	
	
	

	TIME
	0.004820
	8.80E-05
	54.76719
	0.0000
	

	D1
	11.92505
	0.012344
	966.0972
	0.0000
	

	D2
	11.94062
	0.011690
	1021.478
	0.0000
	

	D3
	11.92742
	0.011730
	1016.867
	0.0000
	

	D4
	11.93814
	0.011770
	1014.276
	0.0000
	

	D5
	11.92092
	0.012033
	990.6538
	0.0000
	

	D6
	11.92113
	0.012070
	987.6380
	0.0000
	

	D7
	11.91835
	0.012108
	984.3509
	0.0000
	

	D8
	11.91121
	0.012146
	980.6825
	0.0000
	

	D9
	11.91241
	0.012184
	977.6804
	0.0000
	

	D10
	11.92357
	0.012223
	975.4706
	0.0000
	

	D11
	11.93206
	0.012263
	973.0176
	0.0000
	

	D12
	11.93666
	0.012303
	970.2241
	0.0000
	

	
	
	
	
	
	

	R-squared
	0.964952
	    Mean dependent var
	12.21990
	

	Adjusted R-squared
	0.961128
	    S.D. dependent var
	0.175433
	

	S.E. of regression
	0.034588
	    Akaike info criterion
	-3.790929
	

	Sum squared resid
	0.131598
	    Schwarz criterion
	-3.493706
	

	Log likelihood
	246.1421
	    Durbin-Watson stat
	0.828297
	

	
	
	
	
	
	


FIGURE 5.1
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· Exponential de-seasonalized ARMA 3,3

FIGURE 6
	Dependent Variable: LOG(HOUSE)

	Method: Least Squares

	Date: 06/22/05   Time: 12:27

	Sample(adjusted): 1995:05 2005:04

	Included observations: 120 after adjusting endpoints

	Convergence achieved after 17 iterations

	Backcast: 1995:02 1995:04

	
	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  
	

	
	
	
	
	
	

	TIME
	0.005781
	0.001144
	5.053645
	0.0000
	

	D1
	11.84239
	0.124093
	95.43140
	0.0000
	

	D2
	11.85327
	0.124407
	95.27786
	0.0000
	

	D3
	11.84205
	0.124020
	95.48478
	0.0000
	

	D4
	11.85225
	0.123704
	95.81143
	0.0000
	

	D5
	11.83905
	0.123624
	95.76695
	0.0000
	

	D6
	11.83920
	0.123188
	96.10650
	0.0000
	

	D7
	11.83685
	0.123952
	95.49553
	0.0000
	

	D8
	11.82915
	0.123596
	95.70805
	0.0000
	

	D9
	11.83027
	0.123346
	95.91123
	0.0000
	

	D10
	11.84160
	0.123950
	95.53567
	0.0000
	

	D11
	11.84955
	0.123714
	95.78175
	0.0000
	

	D12
	11.85402
	0.123594
	95.91081
	0.0000
	

	AR(1)
	-0.014400
	0.071252
	-0.202094
	0.8402
	

	AR(2)
	0.119864
	0.080022
	1.497897
	0.1373
	

	AR(3)
	0.799332
	0.082864
	9.646304
	0.0000
	

	MA(1)
	0.325133
	0.001799
	180.7507
	0.0000
	

	MA(2)
	0.262074
	0.049499
	5.294557
	0.0000
	

	MA(3)
	-0.686178
	0.083300
	-8.237419
	0.0000
	

	
	
	
	
	
	

	R-squared
	0.982460
	    Mean dependent var
	12.22629
	

	Adjusted R-squared
	0.979335
	    S.D. dependent var
	0.172795
	

	S.E. of regression
	0.024840
	    Akaike info criterion
	-4.408417
	

	Sum squared resid
	0.062320
	    Schwarz criterion
	-3.967064
	

	Log likelihood
	283.5050
	    Durbin-Watson stat
	2.054754
	

	
	
	
	
	
	

	Inverted AR Roots
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FIGURE 6.1
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· Forecast

FIFURE 7
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