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EXECUTIVE SUMMARY

Forecast Problem


In the past two decades, computers have become a part of everyday life and business.  The computer and software industry has grown quickly since the industry became an influential factor in how the United States economy has behaved.  Knowing the amount of quarterly sales for the computer and software store industry in the United States market will enable computer and software store companies to be more efficient in budgeting and more successful in preparing executive business decisions for their product output for 2006.  I have produced a forecast of retail sales in the computer and software store industry for the first quarter of 2006 in order to make this information available to the firms in the industry.  This will help enable business executives to make budgeting and investment decisions for the near future.
Forecast Technique


Three different forecast modeling techniques were investigated to produce the most accurate forecast.  The forecasting model that was chosen to be used to create the forecast was a combination of a causal regression model, which forecasts sales based on the cause and effect relationship with other economic factors; and a time series model, which forecasts based on patterns observed in the past.
Forecast Results


The forecasting model predicts that retail sales for US computer and software stores will be $4.748 billion for the first quarter of 2006.  This is 10.52% decrease from the previous quarter, but a 5.65% increase from the first quarter of 2005.  An interval forecast predicts that sales for the first quarter of 2006 will be between $4.684 billion and $4.811 billion with 95% confidence based on the standard errors which arise from data sampling.
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Implications


This forecast suggests that sales are going to drop by 10.56% in the next quarter.  However, this drop is due to the seasonal behavior of sales in the transition from one calendar year to the next.  In the past, the first quarter of the year typically had the second lowest sales volume when compared to the other three quarters, while sales were the highest in the fourth quarter.  There is more justification in reacting based on the 5.65% increase in sales from the first quarter of last year.  This is a significant increase, as it is larger than any annual increase since 1998.  Therefore, in reaction to the forecast, we recommend the company make the following changes: 

· Increase production and inventory to supply the increase in the volume of sales.

· Prepare their labor budget to meet the demand of the increase in sales.

· Making capital budgeting decisions in order to continue the increasing trend.
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INTRODUCTION
Objectives


In order to react to the changing levels in technology and the increasing demand of computer technology both in homes and in businesses, computer and software stores must improve and enhance their business strategies.  One important tool in reaching this goal is a predicted value of future sales, which can then be used by business managers to make decisions based on the implications of the forecast.  Using the forecasted values of retail sales in the future, managers can decide what changes to make to inventory levels, labor budgeting, and capital budgeting that will enhance the firm’s overall profit and help the firm bounce back from the 2001 recession.  Firms in the computer and software stores industry can reduce costs and increase profits if they understand what the future demand will be in the next quarter based on projected sales.  The importance of knowing the future retail sales of computer and software stores and understanding its implications is vital for the firms’ future.  To allow the firms in the computer and software store industry in making these decisions, we have put together a forecast of retail sales for the first quarter of 2006.
Historical Perspective


While the computer and software store industry is relatively new in the American economy, many things have happened that have impacted sales in the last two decades.  The computer and software store industry became a force in the US economy during the technology craze in the 1980’s and 1990’s.  The ability to increase development of new computer technology has allowed computers to become a part of everyday life in both homes and businesses.  From video games to IPods, computers have entered most American homes in one form or another.  In 2003, 62% of American household had one or more computers, a drastic increase from the 8% of households in 1984.  (Day 2005).  

Increased use of the internet to send emails, shop, and pay bills will also keep demand for personal computers to continue increasing in the future.  With generation X growing older, new generations entering the consumer pool, and baby boomers accepting the new lifestyle, the list of the many uses of the internet to perform daily tasks will continue to grow.  And with more reasons to use the internet, there will be more reasons to keep updated computer systems and software in the American homes.


However, like any other industry competing in the American economy, recessions are a reality that firms have to react to in order to continue to compete and succeed.  The computer and software industry witnessed such a recession that began in early 2001.  This recession was then fueled by the terrorist attacks in September, 2001.  Soon after, the lingering effects of the terror attacks seemed to wear off, and the increasing trend that firms in the computer and software industry enjoyed in the years prior to 2001 began to appear once again.  Only time will tell if we are truly amidst the end of the recession.



As long as there is a need for computers in the every day life of a typical American, there will be a demand for computer and software stores to stock their shelves with the newest and latest tech toys.  If firms in the industry react accordingly to the changes of demand, firms have a better change of success.  A forecast model is an important tool in understanding and interpreting the changing demand.
Outline


This report began with an introduction to the forecasting problem, and a historical perspective of the computer and software industry.  Next, in the body, an explanation of the data used as well as the methodology used in the formulation of the forecast model will be given.  Then the forecast will be presented, followed by the implications made by the forecast, and recommendations to firms in the computer and software industry based on the implications of the forecast.  This will be followed by a summary, a list of references, and appendices with supporting figures and data.
Data

CSS:


US Computer and Software Stores Quarterly Retail Sales in 



Millions of Dollars.
INCOME:

Real Disposable Personal Income in Billions of US Chained 2000 



dollars.

DLOG(INCOME):
Change in the natural log of INCOME from quarter to quarter.

QUARTER

DUMMY

VARIABLES:

Constants used to calculate the seasonal variability in sales.


TIME:


A constant used to denote the current quarter, with 1992Q1 = 0, 



1992Q4 = 3, etc.

MA4:


The moving average; a calculation of the weighted average of 



sales in four consecutive quarters.

The sample period used for this data goes from 1992 quarter one to 2005 quarter four.  The decision to choose this period for the data was made simply because of data availability.  When performing hold-out sample tests, the data used to make the models came from the period of first quarter 1992 to fourth quarter of 2003.  The period reserved as the hold-out went from first quarter 2004 to fourth quarter 2005.  This period was chosen because it contains enough information and variation in CSS to perform the necessary hold-out tests.
METHODOLOGY


The model used to create the forecast was a combination of both a causal regression model and a time series model.  This section will elaborate more on the methodology of the models and explain in more depth the regression, time series, and combination models.

A regression model is a tool that bases the forecast of a variable on its relationship to other economic factors and variables.  For example, in the case of computer and software store retail sales, the sales in one quarter are related to the change of income in the past two quarters.  The regression process uses a procedure called least-squares regression to determine the nature of the relationship between sales and other economic factors.  The regression model used in this forecast first shows that sales in one quarter are positively related to the difference of the natural logs of disposable personal income in the past two quarters.  Taking the natural log of income is necessary to account for income’s tendency to increase exponentially through time.  The positive relationship between the sales and the difference of the natural log of income means that when an increase in income occurs from one quarter to the next, computer and software store sales will increase as well.  This can be explained by the fact that as people have more disposable income, it is more likely that they will spend money on computer products.

It was also determined that sales in one quarter are related to the sales from the last two quarters.  The relationship between sales from last quarter is positive, which means that on average, sales this month will be higher than sales last month.  The relationship between sales from two quarters ago turns out to be negative.  This is most likely a result of the seasonal changes in sales from quarter to quarter.  The inconsistency caused by the recession in 2001 is the most likely direct cause of this effect.  However, the relationship is significant in explaining the variation in sales in the future, and is useful in creating a better forecast.


Finally, the regression model uses a dummy variable that accounts for the seasonality of sales.  Computer and software store sales increase and decrease depending on the time of year.  The historical data suggests that sales peak in the fourth quarter of the year, which is most likely due to the holiday season, and sales are the lowest in the second quarter.  The seasonal dummy variable adjusts the forecast based on which quarter is being forecasted.


When all these ideas are put together to form a model, the result is a causal regression model which is useful in forecasting sales in the future.  The end result produced a biased forecast, which is most likely due to the inability for the model to interpret the recession in 2001 as a short term occurrence.  However, the information given by the model is useful in forecasting sales in the combined model.


The time series model was also an important part of the final forecast model.  A time series model creates a forecast of sales based on the behavior of sales in the past.  The time series model utilizes seasonality much like the causal regression model, where each quarter is assigned a constant which represents the difference in sales from the first quarter of the year.  The results also suggest that the fourth quarter has the highest sales, and the second quarter has the lowest.  The model also takes into consideration the average change in sales based only on the passing of time.  For computer and software store sales, the relationship is positive, which means that sales are increasing with time on average.  Another factor that is incorporated into the time series model is the moving average. The moving average removes the short term fluctuations from the data so that components of long term trends and cycle can be identified.

The time series model resulting from all these ideas was also useful in explaining the changes and variations in sales from quarter to quarter.  The model outperformed the other models in the hold-out test, and was a major factor in creating the final combined model.


Once the causal regression model and time series models were finalized, a model combining the explanatory power of both models was created.  This model uses the forecasted values of both models to create a final balanced forecast.  By performing a least-squares regression with the two models, it was determined that 29% of the information used to create the forecast came from the regression model’s explanation, while 71% came from the time series model’s explanation.  This ratio makes sense since the time series model outperformed the regression model in the hold-out sample test.  When the combined model was tested against the hold-out sample, it outperformed both models, and was thus selected as the model to produce the best forecast.
FORECAST
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Point Forecast
	Quarter
	
	CSS (millions of dollars)
	
	% Quarter Change
	% Annual Change

	2004Q1 (Actual)
	4493
	
	-14.01%
	
	8.53%
	

	2004Q2 (Actual)
	4234
	
	-5.76%
	
	4.44%
	

	2004Q3 (Actual)
	4636
	
	9.49%
	
	3.80%
	

	2004Q4 (Actual)
	5246
	
	13.16%
	
	0.40%
	

	2005Q1 (Actual)
	4494
	
	-14.33%
	
	0.02%
	

	2005Q2 (Actual)
	4356
	
	-3.07%
	
	2.88%
	

	2005Q3 (Actual)
	4666
	
	7.12%
	
	0.65%
	

	2005Q4 (Actual)
	5330
	
	14.23%
	
	1.06%
	

	
	
	
	
	
	
	
	

	2006Q1 (Forecast)
	4748
	
	-10.52%
	
	5.65%
	


Interval Forecast

	
	
	CSS (millions of dollars
	
	% Quarter Change
	% Annual Change

	Upper Limit
	4811
	
	-9.74%
	
	7.05%
	

	Lower Limit
	4684
	
	-12.12%
	
	4.23%
	



For the first quarter of 2006, retail sales for computer and software stores are projected to be $4.748 billion.  This is a 10.52% decrease from last quarter, but a 5.65% increase from first quarter of last year.  The interval forecast for the first quarter of 2006 says that sales will be between $4.684 billion and $4.811 billion with 95% confidence.  This means that sales will decrease anywhere from 9.74% to 12.12% from last quarter, experience an annual increase anywhere from 4.23% to 7.05%.

The quarterly decrease is a normal occurrence for retail sales for computer and software stores.  The typical seasonal change in sales is responsible for this decrease, and is expected in the comparison of fourth quarter and first quarter.  The more significant result is the annual increase that is expected.  This is the largest annual increase in quarter one since the increase in 1997 and 1998, before the recession.  The increasing trend that existed for computer and software store sales before the 2001 recession appears to be coming back.
Implications


The forecast model for first quarter of 2006 suggests that the annually increasing trend for retail sales is returning after the 2001 recession.  The early indications may suggest that firms in the computer and software store industry may be unprepared and as a result under produce for the quarter.  If sales increase, this means more customers will be buying from the stores.  In order for firms to comply with the increase in customer demand and sales, they must make changes to their inventory and labor budget.  If the firms in the industry are prepared for the increase volume of sales, they will reap the benefits of increased sales by making profit based on critical business decision making.
Recommendations

Firms in the computer and software store industry must comply with the changes suggested by the forecast in order to increase profits implied by increased sales.  This forecast has the sole purpose of predicting the first quarter of 2006, and not the long term future.  Therefore, any costly or risky changes made as a result of this forecast should be short term changes, and not affect the firms in the long run.  That is, the costs of the changes should be considered and should not exceed the quarter long benefits predicted by the forecast.

· Increase production and inventory to supply the increase in the volume of sales.  The shelves in the stores should have more products available this year than last year, and warehouses should be prepared for the sales of product on store shelves.  However, as typical with this time of year, sales will not be near the levels that they are at during the holiday season.  Therefore, typical seasonal adjustments to inventory should be made as normal.
· Prepare labor budgets to meet the demand of the increase in sales.  If more customers are buying this year, there should be ample employees to serve the customers and keep up with the movement of inventory.  This year, it may be a smart decision to keep some holiday season hires for employment at the firms in order to be prepared.

· Begin making capital budgeting decisions in order to make this increasing trend something that will continue in the long term.  It may be smart to assume that the recession is over based on the forecast assumption.  In order to meet the demands of computer purchasers, company expansions will allow the amount of sales to reach their maximum potential.  And as with any company expansion project, proper marketing decisions should be made to increase the chances of a profitable future.  Let the world know that it is once again financially safe to make computer purchases, and entice them to come in and buy the computer products from firms in the computer and software store industry.

Retail sales are increasing, and it is important to the firms in the industry to understand this and react accordingly.  If the management in the firms can make the appropriate changes, profits will increase, and potentially continue to increase in the long term future.  
SUMMARY


In order for firms in the computer and software store industry to make correct decisions for the first quarter of 2006, it is important that they understand how much sales will increase or decrease in the near future.  The forecast presented in this report was created using a model that combines the forecasting power of both a regression and time series model.  The regression model found the relationship between sales this quarter and disposable personal income, seasonality, and sales in the last two quarter, while the time series model observed the behavior of sales in the past and forecasted based on the assumption that the same patters would repeat themselves in the future.  When combined, the forecasting ability of the model was able to predict retail sales for the first quarter of 2006 to increase 5.65% from last year to $4.748 billion, which is also a 10.56% decrease from last quarter.  The quarterly decrease is due only to the typical seasonal cycle that sales numbers experience throughout the year.  However, the significant increase in sales suggests that an increasing trend is beginning to reappear in the long term outlook.  The 2001 recession is either over or ending, and proper decisions should be made to account for this change.  Firms in the industry should:

· Increase inventory levels to supply the sales demand
· Increase labor hours to allow all potential sales transactions and inventory shifts to occur as smoothly as possible

· Make long term capital budgeting decisions to insure that sales will continue on this increasing trend in the future.
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Data

CSS:

Quarterly retail sales for US Computer and Software Stores in millions 


of dollars.



Data Range:
1st Quarter 1992 to 4th Quarter 2005



Source:
www.economagic.com

INCOME:
Quarterly totals of Real Net Disposable Income in billions of chained 


2000 dollars.



Data Range:
1st Quarter 1992 to 4th Quarter 2005



Source:
www.economagic.com
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APPENDIX  I

	CSS:
	
	US Retail Sales: Computer and software stores: NAICS 44312: NSA: Millions of dollars

	
	
	Source:  http://www.economagic.com/



	INCOME
	
	Real Disposable Personal Income: Billions of Chained 2000 Dollars: SAAR//period=quarterly

	
	
	Source:  http://www.economagic.com/



	log(INCOME)
	Natural log of Real Disposable Personal Income

	dlog(INCOME)
	Change in log(INCOME) from previous quarter

	
	
	
	
	
	

	
	
	
	
	
	

	YEAR
	QRT
	CSS
	INCOME
	log(INCOME)
	dlog(INCOME)

	1992
	1
	2127
	1688.567
	7.431635
	NA

	1992
	2
	2095
	1721
	7.450661
	0.019025

	1992
	3
	2221
	1719.567
	7.449828
	-0.00083

	1992
	4
	2544
	1733.133
	7.457686
	0.007859

	1993
	1
	2568
	1753.133
	7.46916
	0.011474

	1993
	2
	2527
	1761.767
	7.474072
	0.004912

	1993
	3
	2746
	1762.767
	7.47464
	0.000567

	1993
	4
	3196
	1761.233
	7.47377
	-0.00087

	1994
	1
	3228
	1777.733
	7.483094
	0.009325

	1994
	2
	3146
	1804.6
	7.498094
	0.015

	1994
	3
	3442
	1829.2
	7.511634
	0.01354

	1994
	4
	4057
	1865.333
	7.531195
	0.019561

	1995
	1
	3947
	1883.433
	7.540852
	0.009657

	1995
	2
	3941
	1904.167
	7.5518
	0.010948

	1995
	3
	4063
	1914.733
	7.557334
	0.005534

	1995
	4
	4855
	1930.367
	7.565465
	0.008132

	1996
	1
	4595
	1946
	7.573531
	0.008066

	1996
	2
	4631
	1964.333
	7.582908
	0.009377

	1996
	3
	4753
	1986.367
	7.594062
	0.011154

	1996
	4
	5148
	2019.6
	7.610655
	0.016592

	1997
	1
	4846
	2060.567
	7.630736
	0.020082

	1997
	2
	5017
	2116.933
	7.657724
	0.026987

	1997
	3
	5253
	2144.567
	7.670693
	0.012969

	1997
	4
	6003
	2169.367
	7.682191
	0.011498

	1998
	1
	5516
	2193.3
	7.693163
	0.010972

	1998
	2
	5118
	2217.433
	7.704106
	0.010943

	1998
	3
	5455
	2278.4
	7.731229
	0.027123

	1998
	4
	6175
	2324.333
	7.751189
	0.01996

	1999
	1
	5547
	2345.8
	7.760382
	0.009193

	1999
	2
	5247
	2351.667
	7.76288
	0.002498

	1999
	3
	5289
	2381.367
	7.77543
	0.01255

	1999
	4
	5630
	2408.6
	7.786801
	0.011371


	CSS:
	
	US Retail Sales: Computer and software stores: NAICS 44312: NSA: Millions of dollars

	
	
	Source:  http://www.economagic.com/



	INCOME
	
	Real Disposable Personal Income: Billions of Chained 2000 Dollars: SAAR//period=quarterly

	
	
	Source:  http://www.economagic.com/



	log(INCOME)
	Natural log of Real Disposable Personal Income

	dlog(INCOME)
	Change in log(INCOME) from previous quarter


	YEAR
	QRT
	CSS
	INCOME
	log(INCOME)
	dlog(INCOME)

	   2000
	1
	5405
	2445
	7.8018
	0.014999

	2000
	2
	4748
	2464.467
	7.809731
	0.00793

	2000
	3
	4710
	2488.2
	7.819315
	0.009584

	2000
	4
	4771
	2506.133
	7.826496
	0.007182

	2001
	1
	4302
	2549.833
	7.843783
	0.017287

	2001
	2
	3864
	2592.3
	7.860301
	0.016518

	2001
	3
	3956
	2597.133
	7.862164
	0.001863

	2001
	4
	4720
	2613.7
	7.868522
	0.006359

	2002
	1
	4426
	2617.467
	7.869962
	0.00144

	2002
	2
	4177
	2643.4
	7.879821
	0.009859

	2002
	3
	4337
	2696.633
	7.899759
	0.019938

	2002
	4
	4799
	2715.967
	7.906903
	0.007144

	2003
	1
	4140
	2729.433
	7.911849
	0.004946

	2003
	2
	4054
	2777.5
	7.929307
	0.017457

	2003
	3
	4466
	2814.533
	7.942552
	0.013245

	2003
	4
	5225
	2804.4
	7.938945
	-0.00361

	2004
	1
	4493
	2863.567
	7.959823
	0.020878

	2004
	2
	4234
	2904.533
	7.974028
	0.014205

	2004
	3
	4636
	2916.367
	7.978094
	0.004066

	2004
	4
	5246
	2946.867
	7.988498
	0.010404

	2005
	1
	4494
	2964.933
	7.99461
	0.006112

	2005
	2
	4356
	2991.467
	8.003519
	0.008909

	2005
	3
	4666
	3053.633
	8.024087
	0.020568

	2005
	4
	5330
	3175
	8.063063
	0.038975


APPENDIX II

Interpretation of Forecast Method Chosen


While performing data analysis and experimenting with different forecasting models, I found that the causal regression and the time series forecast models both performed moderately well.  Therefore, I created a model which combines the forecasting abilities of both, and used this combination model to create the final forecast.


The causal regression model produced a biased output in the hold-out sample test, but its overall performance was good enough to provide insight to the final forecasting model.  The forecast of computer software sales was based on the sales of the two previous quarters, the seasonality factor, and the change in the natural log of income in the previous two quarters.  Before the model could be computed, a forecasted value for income of $3335.71 for the first quarter of 2006 had to be added to the data series (Moore 2005).  The R^2 of the model was 0.964869, which means that about 96% of the variability in sales was explained by this model.  When the model was tested against a hold-out sample, its performance was good, but still contained some biased.  The MSE was 129845.5 and the RMSE was 360.3408.  The biased proportion of the Theil’s Inequality Coefficient was 0.723834.  While this model has large errors and is biased when forecasting alone, it provided significant information in the final combined forecast.

The times series model produced the best model in terms of hold-out performance.  The model uses the seasonality factor, time, and the moving average to forecast CSS.  The R^2 for the model was 0.954505.  When the model was tested against the hold-out sample, it outperformed the other models.  The MSE was 41151.22 and the RMSE was 202.8576.  The biased proportion of the Theil’s Inequality Coefficient was 0.436318.  There are still imperfections in the model alone, but the information given by the time series were very useful when constructing the combined model.

After the two models were combined, the model stands above the rest as the best forecasting tool.  First, the constant was found to be statistically indifferent from zero, which means the model has little or no bias left to account for.  The R^2 of the model was found to be 0.996604, which means 99.7% of the variability of sales is explained by this model.  When the model was compared to the hold-out sample, the resulting statistics were found to be much greater than any other single model.  The MSE was 22977.14 and the RMSE was 151.5821.  Another statistic that supports the strength of this model is the biased proportion of the Theil’s Inequality Coefficient, which was found to be 0.001216.  Clearly, by the criteria of the statistics mention, the combined model is the best tool to be used to create a forecast for the future of Computer Software Store Retail Sales for the first quarter of 2006.

Causal Regression Model
	Dependent Variable: CSS
	
	
	

	Method: Least Squares
	
	
	

	Date: 04/18/06   Time: 19:14
	
	
	

	Sample (adjusted): 1992Q3 2005Q4
	
	

	Included observations: 54 after adjustments
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	SEAS
	302.3039
	22.47705
	13.44944
	0

	CSS(-1)
	1.044834
	0.066503
	15.71102
	0

	CSS(-2)
	-0.157402
	0.068296
	-2.304717
	0.0254

	DLOG(INCOME)
	7656.406
	3706.858
	2.06547
	0.0441

	
	
	
	
	

	R-squared
	0.955104
	    Mean dependent var
	4449.241

	Adjusted R-squared
	0.95241
	    S.D. dependent var
	907.4528

	S.E. of regression
	197.9624
	    Akaike info criterion
	13.48522

	Sum squared resid
	1959455
	    Schwarz criterion
	13.63255

	Log likelihood
	-360.1009
	    Durbin-Watson stat
	2.034725

	
	
	
	


Causal Regression Hold-Out Performance
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Time Series Model
	Dependent Variable: CSS
	
	
	

	Method: Least Squares
	
	
	

	Date: 04/18/06   Time: 19:36
	
	
	

	Sample (adjusted): 1992Q4 2005Q4
	
	

	Included observations: 53 after adjustments
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	C
	381.4212
	151.3581
	2.519992
	0.0152

	QRT2
	-225.463
	79.15595
	-2.84834
	0.0065

	QRT3
	-57.43126
	79.22476
	-0.724916
	0.4721

	QRT4
	433.8974
	77.74981
	5.580688
	0

	TIME
	-3.948949
	2.125034
	-1.858299
	0.0694

	MA4
	0.947113
	0.036984
	25.60888
	0

	
	
	
	
	

	R-squared
	0.950419
	    Mean dependent var
	4491.283

	Adjusted R-squared
	0.945145
	    S.D. dependent var
	861.4077

	S.E. of regression
	201.7519
	    Akaike info criterion
	13.55822

	Sum squared resid
	1913079
	    Schwarz criterion
	13.78128

	Log likelihood
	-353.293
	    F-statistic
	
	180.1901


Time Series Hold-Out Performance
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Combined Model

	Dependent Variable: CSS
	
	
	

	Method: Least Squares
	
	
	

	Date: 04/18/06   Time: 19:45
	
	
	

	Sample (adjusted): 1992Q1 2005Q4
	
	

	Included observations: 56 after adjustments
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	REGR7F
	0.287575
	0.048135
	5.974333
	0

	TIMES1F
	0.712868
	0.048864
	14.58891
	0

	
	
	
	
	

	R-squared
	0.996604
	    Mean dependent var
	4365.732

	Adjusted R-squared
	0.996542
	    S.D. dependent var
	992.5968

	S.E. of regression
	58.37338
	    Akaike info criterion
	11.00666

	Sum squared resid
	184002.4
	    Schwarz criterion
	11.07899

	Log likelihood
	-306.1864
	    Durbin-Watson stat
	1.533009


Combined Model Hold-Out Performance
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APPENDIX III

Interpretation of Forecast Method Not Chosen


The one forecast that was not used in the final model was the SARIMA model.  After experimenting with the SARIMA method, I created the best SARIMA model based on its hold-out performance.  The final model had an R^2 of 0.461651, which was much less than the other models.  When compared to the hold-out sample, the resulting statistics were found to be inferior to the other models.  The MSE of 256349.8 and the RMSE of 506.31 were very large compared to the other models.  However, the biased proportion of the Theil’s Inequality Coefficient of 0.325561 was lower than the regression and time series models’.  Although this model does seem to be more unbiased than the other two, the large errors are what led to the rejection of the model.  Also, when this model was included in the combined model, its forecasting value was found to be statistically insignificant when combined with the forecasting power of the regression and time series models.

While SARIMA is a good forecasting tool, I think that the recession brought on by the terror attacks on September 11th, 2001 made it hard for the SARIMA model to forecast accurately.  There isn’t enough data after the attacks for SARIMA to “learn” the behavior of CSS in the years following September 11th.  However, I think that in the future, as more data becomes available and the effects of Sept 11th wear off, SARIMA will become a powerful tool in forecasting Computer and Software Stores sales.
SARIMA Model

	Dependent Variable: D(CSS,1,4)
	
	
	

	Method: Least Squares
	
	
	

	Date: 04/14/06   Time: 20:49
	
	
	

	Sample (adjusted): 1996Q2 2003Q4
	
	

	Included observations: 31 after adjustments
	
	

	Convergence achieved after 14 iterations
	
	

	Backcast: 1995Q2 1996Q1
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	C
	-22.32967
	12.52141
	-1.783318
	0.0854

	AR(12)
	-0.476169
	0.197978
	-2.405164
	0.023

	MA(4)
	-0.904553
	0.047837
	-18.90892
	0

	
	
	
	
	

	R-squared
	0.461651
	    Mean dependent var
	-7.16129

	Adjusted R-squared
	0.423198
	    S.D. dependent var
	283.6063

	S.E. of regression
	215.3919
	    Akaike info criterion
	13.67456

	Sum squared resid
	1299023
	    Schwarz criterion
	13.81333

	Log likelihood
	-208.9557
	    F-statistic
	
	12.00544

	Durbin-Watson stat
	1.676061
	    Prob(F-statistic)
	0.000172

	
	
	
	
	

	Inverted AR Roots
	 .91-.24i
	     .91+.24i
	   .66+.66i
	 .66-.66i

	
	 .24-.91i
	     .24+.91i
	  -.24-.91i
	-.24+.91i

	
	-.66-.66i
	    -.66-.66i
	  -.91+.24i
	-.91-.24i

	Inverted MA Roots
	0.98
	
	
	


SARIMA Hold-Out Performance
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APPENDIX IV

Model Comparison
	
	
	
	
	

	
	
	
	
	
	

	Quarter
	Actual
	Regression Forecast
	SARIMA Forecast
	Times Series Forecast
	Combined Forecast

	2004Q1
	4493
	5049.123501
	4740.140509
	4463.334644
	4633.769151

	2004Q2
	4234
	4868.633144
	4495.558309
	4277.43038
	4449.339483

	2004Q3
	4636
	4880.490136
	4584.763738
	4451.045484
	4576.513833

	2004Q4
	5246
	5300.348401
	4876.140282
	4919.254705
	5031.025821

	2005Q1
	4494
	4861.19431
	4274.98877
	4527.080257
	4625.167555

	2005Q2
	4356
	4575.311184
	3907.448177
	4327.219822
	4400.480639

	2005Q3
	4666
	4782.806376
	3931.311712
	4467.147617
	4559.901095

	2005Q4
	5330
	5589.671627
	4333.529047
	4950.516128
	5136.513259

	
	
	
	
	
	

	ME
	
	-306.572
	-288.89
	-133.996
	-5.28615

	MAE
	
	306.572
	416.0646
	153.124
	0.109234324

	MPE
	
	-6.782112
	-5.76114943
	2.644826
	-3.424210059

	MAPE
	
	6.782112
	8.680684
	3.085288
	2.93049

	MSE
	
	129845.5
	256349.8
	41151.22
	22977.14

	RMSE
	
	360.3408
	506.31
	202.8576
	151.5821

	Teil Inequality Coefficient
	0.037171
	0.055626
	0.021929
	0.01616

	 Bias Prop.
	0.723834
	0.325561
	0.436318
	0.001216

	 Variance Prop.
	0.04263
	0.007754
	0.462516
	0.686802

	 Covariance Prop.
	0.233535
	0.666686
	0.101166
	0.311982


Regression Hold-Out Performance

	
	
	

	
	
	
	
	
	

	Quarter
	Actual
	Forecast
	Difference
	Absolute Difference
	Squared Difference

	
	
	
	
	
	

	2004Q1
	4493
	5049.124
	-556.124
	556.1235011
	309273.3485

	2004Q2
	4234
	4868.633
	-634.633
	634.6331441
	402759.2276

	2004Q3
	4636
	4880.49
	-244.49
	244.4901358
	59775.4265

	2004Q4
	5246
	5300.348
	-54.3484
	54.34840122
	2953.748715

	2005Q1
	4494
	4861.194
	-367.194
	367.1943103
	134831.6615

	2005Q2
	4356
	4575.311
	-219.311
	219.3111841
	48097.39545

	2005Q3
	4666
	4782.806
	-116.806
	116.8063762
	13643.72953

	2005Q4
	5330
	5589.672
	-259.672
	259.6716266
	67429.35368

	Total
	
	
	-2452.58
	2452.578679
	1038763.892

	
	
	
	
	
	

	ME
	
	
	-306.572
	
	

	MAE
	
	
	306.572
	
	

	MPE
	
	
	-6.78211
	
	

	MAPE
	
	
	6.782112
	
	

	MSE
	
	
	129845.5
	
	

	RMSE
	
	
	360.3408
	
	

	Teil Inequality Coefficient
	0.037171
	
	

	 Bias Prop.
	
	0.723834
	
	

	 Variance Prop.
	
	0.04263
	
	

	 Covariance Prop.
	0.233535
	
	

	
	
	
	
	
	


SARIMA Hold-Out Performance

	Quarter
	Actual
	Forecast
	Difference
	Absolute Difference
	Squared Difference

	
	
	
	
	
	

	2004Q1
	4493
	4740.141
	247.1405
	247.1405087
	61078.43105

	2004Q2
	4234
	4495.558
	261.5583
	261.5583087
	68412.74884

	2004Q3
	4636
	4584.764
	-51.2363
	51.23626206
	2625.15455

	2004Q4
	5246
	4876.14
	-369.86
	369.859718
	136796.211

	2005Q1
	4494
	4274.989
	-219.011
	219.0112304
	47965.91903

	2005Q2
	4356
	3907.448
	-448.552
	448.5518233
	201198.7382

	2005Q3
	4666
	3931.312
	-734.688
	734.6882876
	539766.8799

	2005Q4
	5330
	4333.529
	-996.471
	996.4709534
	992954.361

	Total
	
	
	-2311.12
	3328.517092
	2050798.444

	
	
	
	
	
	

	ME
	
	
	-288.89
	
	

	MAE
	
	
	416.0646
	
	

	MPE
	
	
	-5.76115
	
	

	MAPE
	
	
	8.680684
	
	

	MSE
	
	
	256349.8
	
	

	RMSE
	
	
	506.31
	
	

	Teil Inequality Coefficient
	0.055626
	
	

	  Bias Prop.
	
	0.325561
	
	

	  Variance Prop.
	
	0.007754
	
	

	  Covariance Prop.
	0.666686
	
	


Time Series Hold-Out Performance

	Quarter
	Actual
	Forecast
	Difference
	Absolute Difference
	Squared Difference

	
	
	
	
	
	

	2004Q1
	4493
	4463.335
	-29.6654
	29.6653559
	880.0333404

	2004Q2
	4234
	4277.43
	43.43038
	43.43038013
	1886.197918

	2004Q3
	4636
	4451.045
	-184.955
	184.9545164
	34208.17313

	2004Q4
	5246
	4919.255
	-326.745
	326.7452947
	106762.4876

	2005Q1
	4494
	4527.08
	33.08026
	33.08025671
	1094.303384

	2005Q2
	4356
	4327.22
	-28.7802
	28.78017787
	828.2986385

	2005Q3
	4666
	4467.148
	-198.852
	198.8523828
	39542.27013

	2005Q4
	5330
	4950.516
	-379.484
	379.4838723
	144008.0093

	Total
	
	
	-1071.97
	1224.992237
	329209.7734

	
	
	
	
	
	

	ME
	
	
	-133.996
	
	

	MAE
	
	
	153.124
	
	

	MPE
	
	
	2.644826
	
	

	MAPE
	
	
	3.085288
	
	

	MSE
	
	
	41151.22
	
	

	RMSE
	
	
	202.8576
	
	

	Teil Inequality Coefficient
	0.021929
	
	

	  Bias Prop.
	
	0.436318
	
	

	  Variance Prop.
	
	0.462516
	
	

	  Covariance Prop.
	0.101166
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