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Introduction

The auto industry has changed rapidly and substantially over the last 10 years or so as its market and its perspective have become global in scope. The industry had repositioned itself during this same period. What used to be a straightforward business in this country – in fact, a one-product business has become very complicated. Nevertheless, the principles of successful management in this industry have not changed (Gilmour p23). This is a very interesting topic in the United States. The car industry is used as a tool to give information in regards to the U.S economy. 

What is strange about this industry is that over the last 15 years. The industry has continued to grow at a steady rate. An even stranger fact is that over the last 15 years is that when the economy is not doing well, the industry begins to grow at an even faster rate due to lower interest rates. However a main concern of the industry is the slowing sales of U.S Auto makers compared to foreign auto makers. In 1980 U.S. big three Ford, GM and Chrysler owned about 74% of auto industry, by the year 2000 the big three owned only 55% (Littman). What does this mean for the U.S. economy if U.S. auto manufacturers are losing market share?


In the last 15 years the U.S auto makers have lost $800 Billion dollars in revenue from lost of market share (Littman). This in turn has made auto manufacturers move manufacturing plants, fire employees and find cheaper locations to operate their business. 

Due to the economic impact of these changes, I felt the auto sales industry was the perfect topic to choose to forecast for economic purposes. If U.S. managers had the ability to forecast the future, the extra knowledge would enable them to combat the trend of losing market share. This in turn could lead to a strategic plan to revive the status of the big three. 

Plan


The data provided for the Auto Sales Industry Ranges from 1992:1 to 2005:1, and are quarterly numbers. The plan is to use the tools and education acquired during the semester to analyze the data. Through several steps, the data will be manipulated and used to reach white noise. Upon accomplishing white noise the analysis will lead to a very accurate forecast of what the Auto Sales Industry will be for several more years to come. 


The first step in analyzing the data is to look at the decision environment. The auto sales data will help U.S auto makers come up with a plan to stop the slide in sales in the U.S. Auto industry. An accurate forecast can help managers take appropriate steps to attack the market and provided solutions to resolving this issue. A good forecast in this environment would be a forecast with an end result of white noise and a forecast that has the smallest AKAIKE and SCHWARTZ.


Step two is the actual forecast object.  The object would be the auto sales data. The data is quarterly from 1992:1 to 2005:1. The data is raw data and we must determine if the information is being affected by time of the year, consumer preference, economy, and or any other factors that can affect the auto sales industry. The sheer size of the number of sales could affect the forecast. However based off the 12 years of quarterly information that is provided a natural and accurate forecast can be created.


Step three is the forecast statement. We will take trend regression equations and develop them to find out which trend will have the best fit for analyzing the data. There are several types of trends however this analysis will focus on Linear, Quadratic and Exponential trends. By running and comparing AKAIKE and SCHWARTZ between the three trends we can develop the correct regression model to follow and establish the foundation of the analysis. This foundation will be the basis for future analysis and provide the U.S. Big three organizations with the information to combat its recent slip in the auto industry.


Step four is determining the forecast horizon. In this model the determination was made that the forecast will move out past the last data point by 5 years. This will give information as to how the market will grow, shrink or navigate. Analyzing growth of the industry will aid the big three U.S. automakers to plan strategies at different points in the future. This will aid in minimizing losses and maximizing profits. 

Step five is the information set. This will give us the best combination of auto regressive and moving average components to smooth out the forecast model. This is the best way to establish the cleanest forecast with the smallest amount of error. This model will include the best regression trend, and remove the seasonality and any cyclical information that can skew our information. The ARMA model places information into the category of white noise. Once the data has reached this level the final step can take place.  


The final step, is determining the parsimony principal. The final step requires in sample forecasts. During this stage of the analysis the best regression model had been chosen. The ARMA model should be known and the combination of the regression model and ARMA model should remove all trends, seasonality and cycles from data. The data can now be forecasted and accurate predictions of the future can be hypothesized. This basically allows gathering the best information to come up with the most accurate forecast available. 

Analysis 

Unit Root Test of Csales Data

The first step in analyzing the Car Sales data was to take the Unit Root. In analyzing the unit root of the data, The ADF test statistic was larger than the 5% critical value. This basically places the data within the 95% confidence interval and establishes that the data is stationary; preventing the first difference from being taken out of the data. Please See (Figure 1.1). 

Exponential Regression Trend


The three type of trends run in the analysis were linear, quadratic and exponential. After analyzing the data provided by these trends the Exponential of lcsales equation in the analysis provided the best fit. What was found to be fairly interesting was that by eyeballing the regression trends it would look like the quadratic trend would have the best fit of all the models. However after carefully analyzing the information shows that the exponential trend has the smallest AKAIKE and SCHWARTZ and there is the best equation to use to remove the trend. These models can be viewed by looking at (Figures 1.2 – 4.1). 

Seasonality


Once the lcsales equation was determined to be the best regression equation to run the forecasts on, the next step was to remove any seasonality in the data. Four quarterly dummy variables were created and the linear, quadratic and exponential trends were run again to verify if the exponential trend was the appropriate equation in removing seasonality in the data. The trends definitely showed that even though the data had and upward trend there was seasonality in the data. This can be explained by new cars being released every 3rd quarter. The new vehicles cause big sales on the older models and overall sales increase. Please see (Figures 4.2 – 7.1)

ARMA Model


So far in the analysis we have setup the appropriate equation with the lowest AKAIKE and SCHWARTZ. The ARMA model is now being run to attain the best auto regressive moving average model to complete the model and aid in attaining the goal of White Noise. Please See (Figures 7.2 - 8.2).

Forecasts


The final steps taken in the auto sales economic model was to take our ARMA (1, 4) data and run in sample and out of sample forecasts on the information. Originally I ran the forecasts on lcsales which is the log of csales. This allowed the data to shrink down to a normal level. The final forecast that was run was the Out of sample forecast on the original equation. The data here can be used by the Big Three U.S. Companies as a tool for future sales. 

Conclusion

From the economic model of the auto sales data, one can conclude the following:

1) The data in the model was seasonal and exponential. The data did not move upward in a linear trend as originally thought due to the increasing level of sales.

2) Seasonality was based on sales during the third quarter of every year in the auto industry in the U.S. The spike in sales was caused by the release of new models during this quarter.

3) After running such a model. The big three U.S. Auto companies can take the data and develop marketing strategies to regain market share and attain a foothold in the U.S. auto industry. 

Appendix 

Unit Root Test of csales Data (FIGURE 1.1)
	ADF Test Statistic
	-2.650298
	    1%   Critical Value*
	-4.1584

	
	
	    5%   Critical Value
	-3.5045

	
	
	    10% Critical Value
	-3.1816

	
	
	
	
	

	*MacKinnon critical values for rejection of hypothesis of a unit root.

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(CSALES)

	Method: Least Squares

	Date: 06/21/05   Time: 21:25

	Sample(adjusted): 1993:2 2005:1

	Included observations: 48 after adjusting endpoints

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	CSALES(-1)
	-0.434825
	0.164066
	-2.650298
	0.0114

	D(CSALES(-1))
	-0.344314
	0.179673
	-1.916341
	0.0623

	D(CSALES(-2))
	-0.052937
	0.190649
	-0.277666
	0.7827

	D(CSALES(-3))
	0.257589
	0.184037
	1.399661
	0.1691

	D(CSALES(-4))
	0.054107
	0.153179
	0.353227
	0.7257

	C
	45660.42
	14967.57
	3.050623
	0.0040

	@TREND(1992:1)
	934.7523
	381.4445
	2.450559
	0.0186

	
	
	
	
	

	R-squared
	0.458995
	    Mean dependent var
	2346.104

	Adjusted R-squared
	0.379823
	    S.D. dependent var
	6092.545

	S.E. of regression
	4797.958
	    Akaike info criterion
	19.92381

	Sum squared resid
	9.44E+08
	    Schwarz criterion
	20.19669

	Log likelihood
	-471.1713
	    F-statistic
	5.797477

	Durbin-Watson stat
	2.019498
	    Prob(F-statistic)
	0.000193

	
	
	
	
	


Linear Trend Regression Results of csales (FIGURE 1.2)
	Dependent Variable: CSALES

	Method: Least Squares

	Date: 06/21/05   Time: 21:31

	Sample(adjusted): 1992:1 2005:1

	Included observations: 53 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	96199.85
	1613.104
	59.63647
	0.0000

	TIME
	2305.827
	53.47389
	43.12062
	0.0000

	R-squared
	0.973304
	    Mean dependent var
	156151.4

	Adjusted R-squared
	0.972780
	    S.D. dependent var
	36094.97

	S.E. of regression
	5955.080
	    Akaike info criterion
	20.25888

	Sum squared resid
	1.81E+09
	    Schwarz criterion
	20.33323

	Log likelihood
	-534.8604
	    F-statistic
	1859.388

	Durbin-Watson stat
	0.965353
	    Prob(F-statistic)
	0.000000


Linear Trend Regression and Residual for csales (FIGURE 2.1)
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Quadratic Trend of csales (FIGURE 2.2)
	Dependent Variable: CSALES

	Method: Least Squares

	Date: 06/18/05   Time: 14:08

	Sample: 1992:1 2005:1

	Included observations: 53

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	88688.82
	1894.764
	46.80731
	0.0000

	TIME
	3189.478
	168.5060
	18.92798
	0.0000

	TIME^2
	-16.99327
	3.133945
	-5.422328
	0.0000

	R-squared
	0.983189
	    Mean dependent var
	156151.4

	Adjusted R-squared
	0.982517
	    S.D. dependent var
	36094.97

	S.E. of regression
	4772.632
	    Akaike info criterion
	19.83412

	Sum squared resid
	1.14E+09
	    Schwarz criterion
	19.94565

	Log likelihood
	-522.6042
	    F-statistic
	1462.137

	Durbin-Watson stat
	1.524833
	    Prob(F-statistic)
	0.000000


Quadratic Trend Regression and Residual for csales (Figure 3.1)
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Exponential Trend of lcsales (Figure 3.2)
	Dependent Variable: LOG(CSALES)

	Method: Least Squares

	Date: 06/21/05   Time: 23:48

	Sample(adjusted): 1992:1 2005:1

	Included observations: 53 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	11.52379
	0.016042
	718.3393
	0.0000

	TIME
	0.015617
	0.000532
	29.36690
	0.0000

	R-squared
	0.944166
	    Mean dependent var
	11.92984

	Adjusted R-squared
	0.943071
	    S.D. dependent var
	0.248212

	S.E. of regression
	0.059223
	    Akaike info criterion
	-2.778005

	Sum squared resid
	0.178876
	    Schwarz criterion
	-2.703654

	Log likelihood
	75.61713
	    F-statistic
	862.4148

	Durbin-Watson stat
	0.318459
	    Prob(F-statistic)
	0.000000


Exponential Trend and Residual of lcsales (Figure 4.1)
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Linear Trend Regression with Seasonal Dummy Variables of csales  (Figure 4.2) 
	Dependent Variable: CSALES

	Method: Least Squares

	Date: 06/21/05   Time: 23:53

	Sample(adjusted): 1992:1 2005:1

	Included observations: 53 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	TIME
	2304.104
	54.76903
	42.06946
	0.0000

	Q1
	95660.59
	2163.203
	44.22173
	0.0000

	Q2
	95816.56
	2174.958
	44.05444
	0.0000

	Q3
	96085.61
	2209.847
	43.48066
	0.0000

	Q4
	97460.81
	2245.530
	43.40214
	0.0000

	R-squared
	0.973698
	    Mean dependent var
	156151.4

	Adjusted R-squared
	0.971506
	    S.D. dependent var
	36094.97

	S.E. of regression
	6092.916
	    Akaike info criterion
	20.35723

	Sum squared resid
	1.78E+09
	    Schwarz criterion
	20.54311

	Log likelihood
	-534.4666
	    Durbin-Watson stat
	0.955154


Linear Trend Regression and Residual with Seasonal Dummy Variables of csales (Figure 5.1)
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Quadratic Trend Regression with Seasonal Dummy Variables of csales (Figure 5.2)
	Dependent Variable: CSALES

	Method: Least Squares

	Date: 06/21/05   Time: 23:56

	Sample(adjusted): 1992:1 2005:1

	Included observations: 53 after adjusting endpoints

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	TIME
	3186.279
	172.6714
	18.45285
	0.0000

	TIME^2
	-16.96491
	3.211774
	-5.282098
	0.0000

	Q1
	88603.19
	2187.231
	40.50929
	0.0000

	Q2
	88165.39
	2264.881
	38.92717
	0.0000

	Q3
	88417.47
	2288.458
	38.63627
	0.0000

	Q4
	89809.64
	2308.594
	38.90231
	0.0000

	R-squared
	0.983495
	    Mean dependent var
	156151.4

	Adjusted R-squared
	0.981739
	    S.D. dependent var
	36094.97

	S.E. of regression
	4877.567
	    Akaike info criterion
	19.92895

	Sum squared resid
	1.12E+09
	    Schwarz criterion
	20.15200

	Log likelihood
	-522.1172
	    Durbin-Watson stat
	1.510259


Quadratic Trend Regression and Residual with Seasonal Dummy Variables of csales (Figure 6.1)
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Exponential Trend Regression with Seasonal Dummy Variables of lcsales (Figure 6.2)
	Dependent Variable: LCSALES

	Method: Least Squares

	Date: 06/23/05   Time: 15:10

	Sample: 1992:1 2005:1

	Included observations: 53

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	TIME
	0.015607
	0.000546
	28.56813
	0.0000

	Q1
	11.51725
	0.021577
	533.7646
	0.0000

	Q2
	11.52263
	0.021695
	531.1280
	0.0000

	Q3
	11.52449
	0.022043
	522.8267
	0.0000

	Q4
	11.53240
	0.022399
	514.8719
	0.0000

	R-squared
	0.944659
	    Mean dependent var
	11.92984

	Adjusted R-squared
	0.940048
	    S.D. dependent var
	0.248212

	S.E. of regression
	0.060775
	    Akaike info criterion
	-2.873680

	Sum squared resid
	0.177294
	    Schwarz criterion
	-2.887803

	Log likelihood
	75.85251
	    Durbin-Watson stat
	0.321750


Exponential Trend Regression and Residual with Seasonal Dummy Variables of lcsales (Figure 7.1)
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ARMA Terms of csales (Figure 7.2)
	
	AR   0
	1
	2
	3
	4

	MA   0
	 
	-3.54182
	-3.87628
	-3.99308
	-4.10094

	1
	-3.80948
	-3.79666
	-3.73921
	-4.02508
	-3.90016

	2
	-3.83054
	-4.23524
	-4.39776
	-4.32172
	-4.08672

	3
	-3.72801
	-4.17675
	-4.38226
	-4.21606
	-4.50722

	4
	-3.99571
	-4.82686
	-4.18679
	-4.10136
	-4.49051

	
	
	Result is ARMA (1,4)
	
	


Exponential Trend Regression and Residual after ARMA (1,4) (Figure 8.1)
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White Noise based off ARMA (1,4) (Figure 8.2)

	Date: 06/22/05   Time: 21:31

	Sample: 1992:1 2005:1

	Included observations: 53

	Autocorrelation
	Partial Correlation
	
	AC 
	 PAC
	 Q-Stat
	 Prob

	      .*| .     |
	      .*| .     |
	1
	-0.075
	-0.075
	0.3117
	0.577

	      . |*.     |
	      . |*.     |
	2
	0.120
	0.115
	1.1401
	0.566

	      . | .     |
	      . | .     |
	3
	-0.014
	0.003
	1.1513
	0.765

	      . | .     |
	      . | .     |
	4
	0.063
	0.049
	1.3839
	0.847

	      . | .     |
	      . | .     |
	5
	0.054
	0.064
	1.5612
	0.906

	      .*| .     |
	      .*| .     |
	6
	-0.077
	-0.084
	1.9299
	0.926

	      . | .     |
	      . | .     |
	7
	0.056
	0.034
	2.1280
	0.952

	      .*| .     |
	      .*| .     |
	8
	-0.129
	-0.111
	3.2009
	0.921

	      . | .     |
	      . | .     |
	9
	0.059
	0.027
	3.4295
	0.945

	      . | .     |
	      . | .     |
	10
	-0.056
	-0.018
	3.6403
	0.962

	      .*| .     |
	      .*| .     |
	11
	-0.125
	-0.144
	4.7313
	0.943

	      . | .     |
	      . | .     |
	12
	0.028
	0.029
	4.7870
	0.965

	      **| .     |
	      **| .     |
	13
	-0.233
	-0.203
	8.7309
	0.793

	      . |*.     |
	      . |*.     |
	14
	0.136
	0.099
	10.114
	0.754

	      .*| .     |
	      . | .     |
	15
	-0.082
	0.006
	10.632
	0.778

	      .*| .     |
	      **| .     |
	16
	-0.124
	-0.191
	11.850
	0.754

	      . | .     |
	      . |*.     |
	17
	0.040
	0.084
	11.977
	0.802

	      . | .     |
	      . | .     |
	18
	-0.033
	-0.015
	12.071
	0.844

	      . |*.     |
	      . |*.     |
	19
	0.138
	0.081
	13.715
	0.800

	      .*| .     |
	      . | .     |
	20
	-0.117
	-0.036
	14.922
	0.781

	      . |*.     |
	      . | .     |
	21
	0.120
	0.014
	16.226
	0.757

	      . | .     |
	      . | .     |
	22
	-0.004
	0.063
	16.227
	0.804

	      . |**     |
	      . |**     |
	23
	0.290
	0.271
	24.375
	0.383

	      . | .     |
	      .*| .     |
	24
	-0.026
	-0.100
	24.445
	0.436


In Sample forecast of lcsales (Figure 9.1)
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In Sample Forecast and actual of lcsales (Figure 9.2)
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Out of Sample Forecast of lcsales (Figure 10.1)
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Original csales data with final forecast model (Figure 10.2)
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