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Introduction:

Throughout history there have been many products that were introduced to the world that added significant value to the lives of millions of people whether they interacted with the products or not.  One such product that joined the marketplace in the early 1900’s was the automobile.  With the invention of the combustible gasoline engine, and the efficiency of the assembly line production of such products by Henry Ford, the automobile and its subsequent developments have continued to impact our lives everyday.  Though the automobile, or “horseless carriage”, brought with brought with it convenience for passenger travel, the subsequent development of the truck for agriculture and industrial applications continues to impact almost everyone in the world in one form or another.  The International Brotherhood of Teamsters has been quoted as saying “If you have it, a truck brought it to you”.  This statements opens our eyes to magnitude of work that trucks perform in the world everyday.  They are used for industrial product distribution, military troop and supply movement, recreation activities, agricultural applications, domestic passenger travel, and in almost every industry worldwide.  
The development and applications of trucks has and continues to grow worldwide as market focuses shift and business strategies grow thus making the understanding of trucks and their applications very important when studying business strategy.  If you are able to understand how the development an applications of trucks has shaped our society historically, you will be able to see how their role will develop in the future.  Additionally, in terms of investing, when truck production is on the rise, you can identify investment opportunities in companies that produce trucks, or companies whose core business is dependant upon the resources that trucks provide.  

On a personal note, I found this particular topic interesting on many levels; primarily, the job I have requires me to be dependant on the shipping industry for the products which enable me to work effectively.  I also am a truck owner, am always looking for investment opportunities, and am a Mechanical Engineer making me interested in all things mechanical by default.

 
It will be key to realize that any forecast made through analysis will be to guide decisions, not make them.  We will need to interpret more than just the data set for the truck assemblies.  My goal will be to make as accurate of a forecast model as possible so that the resulting decisions can be made with minimal error.  Another way of saying this is to be aware of the decision-making environment when designing any forecasting models.  In the case of the truck assemblies, we will need to understand the historical instances that have affected their production rates; for example: industrial trends in distribution channels, oil production, and consumer market demand will all impact the quantity of truck assemblies produced by manufacturers.  

We are looking to invest in manufacturing companies that produce truck assemblies.  We will need to generate a forecast model to find the next five years of truck assembly production with analysis inclusive of current market trends relating to truck industry consumers.  I will attempt to develop a “good” forecast that will be qualified as such with the lowest akaike value for my model.  We will have to hedge investment values relating to the truck assemblies with market instability as well as the rising cost and depleting supply of fuel worldwide since trucks are large fuel consumers in industry.  We will determine the optimality of our forecast model in successive forecast years by taking a linear impact of rising fuel costs resulting in a proportional increase in the error value for making investment decisions.  

We will be forecasting the production of truck assemblies over time beginning in April of 2005 through December of 2010.  The data has been provided by industrial reports and compiled for analysis and is therefore as accurate as reported.  This can be said with high confidence since industries would want to show upward trends in data for consumer confidence in their products.  If any errors exist, they will be on the excessive side, not negligent.  The data set to be used encompasses truck assembly production between January of 1965 and April of 2005.  As you can see from the data below, there is missing data within this data set, or outlier data.
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There does appear to be a reflection in fuel costs as they impact the automobile industry in the late 1970’s.  We will attempt to develop a reasonable range of forecast data for anticipated truck assembly production from April of 2005 to December of 2010 due to the uncertainty.  The cost of doing this will be the variability of the production rates that are subject to market and resource trends.  The benefit will be a forecast that is not misleading as to the possibilities associated with the production rate.  

The forecasting horizon that we will be looking to achieve is five years.  We have enough historical data to look out at that rate with adequate market information to dictate a reasonable error range.  The forecast data will be based on its own history and not other historical data.  The analysis could be augmented to include to overall automobile assembly information for a similar range, however this forecast will focus solely on the truck assembly data as a niche industry to for industry and transportation.  

For purposes of this forecast, the parsimony principle is most applicable, stating that, in terms of the trucking industry, all things remaining constant, the simplest model will be the best.  The assumption that the trend realized in the last decade will continue into the next with similar impacts due to market variability as well as fuel costs and supply.  

Plan:

In any analysis it is first important to realize the data set and understand what potentially may have caused certain irregularities.   We must determine by way of the unit root test whether the series is stationary or non-stationary.  If it can be determined that the series is stationary, then the log of the series will be generated and illustrated.  The next step is to take the first difference of the log data to make the series stationary.

At this point it becomes necessary to perform a regression analysis on the series inclusive of time as well as seasonally monthly series data.  From the regression analysis, a correlelogram will be generated to begin evaluating the autoregressive and moving average aspects of the series.  The graph of the series residuals will then be developed and a unit root test will be conducted to verify that the series is still stationary.

With this analysis complete, the series is now completely stationary and we can begin to assess the autoregressive, moving average terms of the series.  This analysis will yield a series of Akaike and Schwartz values that will placed into a matrix to determine which model is the best for forecasting.  

Finally, based on the selected model, a forecast will be generated for five years of successive monthly data to determine the anticipated amount of truck assemblies to be produced in the corresponding cycle.

Analysis:

Our analysis of truck assembly production will begin with an overview of the plotted data over time for trucks produced between January of 1965 and April of 2005 as shown below:
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The series appears to be largely linear and non-stationary from the unit root test, with the exception of the late 1970’s possibly contingent on the supply of fuel in the United States and the corresponding impact on the shipping industry.  We are now able to plot the log values of the truck assemble data as follows:
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The series has been determined to again be non-stationary linear or somewhat quadratic series by a unit root test; we will therefore take the first difference of the data as shown:
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The 1st difference of the data set has made the series stationary enabling us to begin the regression analysis portion of the sequence.  The regression is inclusive of time and monthly seasonal data for the series.  The illustration below was created using a series of dummy variables for the seasonal components.  The resulting regression allows us to show the residual, actual, and fitted illustration which clearly indicates that the series is stationary.
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We now have a clear indicator that the series is stationary and are therefore able to evaluate the autoregressive and moving average terms of that will indicate the best forecast model to use.  The series was evaluated to be an ARMA(2,3) dictating the following forecast models:
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Though the ARMA (2,3) was the original choice, we were able to invert the moving average to reduce the equation to simply an AR(1,2) for the forecast above.
Conclusion:

The best forecast model was selected by forecasting the log and the first difference of the data series to create stability in the series.  This was done since the data series is so susceptible to change as a function of government foreign affairs, market volatility, consumer / industrial trends, as well as the rising costs of perishable fuel sources as they impact consumer and industrial buying trends.  We can see from the forecast that the trend is on a downswing for successive production years in relation to truck assemblies.  From the standpoint of investing, the analysis would indicate that selling shares of stock in companies who wholly and / or partially produce truck assemblies would be wise in the next five years with variations considered for downward shifts in consumers’ opinions should the costs of fuel begin to rise suddenly.  Businesses that produce truck assemblies should be cognoscente of the trend and look to capitalize on the steadily decreasing demand for their products and begin smarketing heavily to industrial as well as consumer markets.  They can hedge their bets slightly by focusing some efforts into research and development of more fuel efficient trucks.
Appendix:

The following supportive data was used to develop the fore-mentioned analysis:
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	Date: 06/23/05   Time: 14:16

	Sample: 2000:01 2005:04

	Included observations: 64

	Q-statistic probabilities adjusted for 3 ARMA term(s)
	
	
	
	
	
	

	Autocorrelation
	Partial Correlation
	
	AC 
	 PAC
	 Q-Stat
	 Prob

	      . | .     |
	      . | .     |
	1
	0.033
	0.033
	0.0727
	

	      . | .     |
	      . | .     |
	2
	0.055
	0.054
	0.2781
	

	      . |***    |
	      . |***    |
	3
	0.332
	0.330
	7.8991
	

	      **| .     |
	      **| .     |
	4
	-0.240
	-0.290
	11.949
	0.001

	      . |*.     |
	      . |*.     |
	5
	0.075
	0.090
	12.348
	0.002


	Dependent Variable: D(LTRASM)

	Method: Least Squares

	Date: 06/23/05   Time: 14:11

	Sample(adjusted): 1965:03 2003:04

	Included observations: 458 after adjusting endpoints

	Convergence achieved after 3 iterations

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	0.003453
	0.007536
	0.458237
	0.6470

	AR(1)
	-0.289746
	0.044814
	-6.465496
	0.0000

	R-squared
	0.083974
	    Mean dependent var
	0.003469

	Adjusted R-squared
	0.081965
	    S.D. dependent var
	0.217088

	S.E. of regression
	0.208001
	    Akaike info criterion
	-0.298191

	Sum squared resid
	19.72857
	    Schwarz criterion
	-0.280170

	Log likelihood
	70.28570
	    F-statistic
	41.80264

	Durbin-Watson stat
	2.145154
	    Prob(F-statistic)
	0.000000

	Inverted AR Roots
	      -.29


	
	C1
	C2
	C3
	C4
	C5

	
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11

	
	
	
	
	
	

	R1
	0
	-2.0810174311
	-2.35116755847
	-2.25401090808
	-2.22085068335

	R2
	-2.12527072794
	-2.46170334684
	-2.4282464726
	-2.41128112627
	-2.36498231546

	R3
	-2.17911892747
	-2.47300530707
	0
	0
	0

	R4
	0
	0
	0
	0
	0

	R5
	0
	0
	0
	0
	0


	
	C1
	C2
	C3
	C4
	C5

	
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11
	Last updated: 06/23/05 - 14:11

	
	
	
	
	
	

	R1
	0
	-1.57502920844
	-1.81144678763
	-1.68055758906
	-1.61366481615

	R2
	-1.61928250528
	-1.921982576
	-1.85479315358
	-1.80409525908
	-1.72406390009

	R3
	-1.63939815663
	-1.89955198805
	0
	0
	0

	R4
	0
	0
	0
	0
	0

	R5
	0
	0
	0
	0
	0


[image: image9.emf]2


4


6


8


10


12


00


01


02


03


04


05


06


07


08


09


10


Truck Assemblies


± 2 S.E.




2

4

6

8

10

12

0001020304050607080910

Truck Assemblies ± 2 S.E.


	Truck assemblies; Millions of Units at Annual Rate; NSA
	
	
	
	

	http://www.economagic.com/
	
	
	
	
	
	
	

	Jan-1965
	1.738
	Feb-1973
	3.146
	Mar-1981
	2.022
	Apr-1989
	4.377
	May-1997
	6.249

	Feb-1965
	1.578
	Mar-1973
	3.307
	Apr-1981
	1.878
	May-1989
	4.651
	Jun-1997
	6.2

	Mar-1965
	2.073
	Apr-1973
	3.07
	May-1981
	1.951
	Jun-1989
	4.519
	Jul-1997
	3.683

	Apr-1965
	1.911
	May-1973
	3.401
	Jun-1981
	2.224
	Jul-1989
	2.612
	Aug-1997
	5.911

	May-1965
	1.843
	Jun-1973
	3.222
	Jul-1981
	1.432
	Aug-1989
	4.171
	Sep-1997
	6.788

	Jun-1965
	2.045
	Jul-1973
	2.765
	Aug-1981
	1.078
	Sep-1989
	3.694
	Oct-1997
	7.793

	Jul-1965
	1.495
	Aug-1973
	2.456
	Sep-1981
	1.53
	Oct-1989
	3.667
	Nov-1997
	6.358

	Aug-1965
	1.364
	Sep-1973
	2.628
	Oct-1981
	1.929
	Nov-1989
	3.789
	Dec-1997
	6.023

	Sep-1965
	1.742
	Oct-1973
	3.32
	Nov-1981
	1.44
	Dec-1989
	3.188
	Jan-1998
	5.856

	Oct-1965
	1.851
	Nov-1973
	3.072
	Dec-1981
	1.396
	Jan-1990
	2.786
	Feb-1998
	6.76

	Nov-1965
	1.865
	Dec-1973
	2.313
	Jan-1982
	1.519
	Feb-1990
	3.675
	Mar-1998
	7.688

	Dec-1965
	1.916
	Jan-1974
	3.157
	Feb-1982
	1.711
	Mar-1990
	4.61
	Apr-1998
	7.138

	Jan-1966
	1.895
	Feb-1974
	2.767
	Mar-1982
	2.35
	Apr-1990
	3.96
	May-1998
	7.023

	Feb-1966
	1.855
	Mar-1974
	2.861
	Apr-1982
	2.247
	May-1990
	4.792
	Jun-1998
	5.721

	Mar-1966
	2.063
	Apr-1974
	2.922
	May-1982
	2.315
	Jun-1990
	4.666
	Jul-1998
	2.972

	Apr-1966
	1.907
	May-1974
	3.095
	Jun-1982
	2.578
	Jul-1990
	3.033
	Aug-1998
	6.514

	May-1966
	1.993
	Jun-1974
	2.718
	Jul-1982
	1.948
	Aug-1990
	3.748
	Sep-1998
	6.923

	Jun-1966
	2.104
	Jul-1974
	2.745
	Aug-1982
	1.716
	Sep-1990
	3.698
	Oct-1998
	7.933

	Jul-1966
	1.614
	Aug-1974
	1.869
	Sep-1982
	1.779
	Oct-1990
	4.298
	Nov-1998
	6.57

	Aug-1966
	0.796
	Sep-1974
	2.458
	Oct-1982
	1.701
	Nov-1990
	3.066
	Dec-1998
	6.281

	Sep-1966
	1.513
	Oct-1974
	3.203
	Nov-1982
	1.517
	Dec-1990
	1.942
	Jan-1999
	6.415

	Oct-1966
	1.839
	Nov-1974
	2.687
	Dec-1982
	1.563
	Jan-1991
	2.67
	Feb-1999
	7.514

	Nov-1966
	1.851
	Dec-1974
	1.841
	Jan-1983
	1.562
	Feb-1991
	2.386
	Mar-1999
	8.613

	Dec-1966
	1.741
	Jan-1975
	2.126
	Feb-1983
	2.047
	Mar-1991
	2.801
	Apr-1999
	7.676

	Jan-1967
	1.814
	Feb-1975
	1.936
	Mar-1983
	2.654
	Apr-1991
	3.582
	May-1999
	7.905

	Feb-1967
	1.668
	Mar-1975
	1.865
	Apr-1983
	2.3
	May-1991
	4.004
	Jun-1999
	7.919

	Mar-1967
	1.808
	Apr-1975
	2.302
	May-1983
	2.557
	Jun-1991
	3.8
	Jul-1999
	4.383

	Apr-1967
	1.633
	May-1975
	2.387
	Jun-1983
	2.808
	Jul-1991
	2.689
	Aug-1999
	8.253

	May-1967
	1.877
	Jun-1975
	2.569
	Jul-1983
	1.869
	Aug-1991
	3.385
	Sep-1999
	7.771

	Jun-1967
	1.838
	Jul-1975
	2.144
	Aug-1983
	2.344
	Sep-1991
	3.922
	Oct-1999
	8.222

	Jul-1967
	1.172
	Aug-1975
	1.835
	Sep-1983
	2.751
	Oct-1991
	4.623
	Nov-1999
	7.358

	Aug-1967
	1.206
	Sep-1975
	2.763
	Oct-1983
	3.021
	Nov-1991
	3.574
	Dec-1999
	6.615

	Sep-1967
	1.285
	Oct-1975
	2.847
	Nov-1983
	2.875
	Dec-1991
	2.765
	Jan-2000
	7.191

	Oct-1967
	1.304
	Nov-1975
	2.458
	Dec-1983
	2.537
	Jan-1992
	3.117
	Feb-2000
	7.996

	Nov-1967
	1.644
	Dec-1975
	2.315
	Jan-1984
	3.096
	Feb-1992
	3.618
	Mar-2000
	9.099

	Dec-1967
	1.776
	Jan-1976
	2.624
	Feb-1984
	3.109
	Mar-1992
	4.519
	Apr-2000
	7.251

	Jan-1968
	1.918
	Feb-1976
	2.812
	Mar-1984
	3.499
	Apr-1992
	4.223
	May-2000
	8.496

	Feb-1968
	1.795
	Mar-1976
	3.335
	Apr-1984
	3.153
	May-1992
	4.417
	Jun-2000
	8.36

	Mar-1968
	2.039
	Apr-1976
	3.238
	May-1984
	3.525
	Jun-1992
	4.31
	Jul-2000
	4.02

	Apr-1968
	2.008
	May-1976
	3.214
	Jun-1984
	3.437
	Jul-1992
	2.8
	Aug-2000
	7.576

	May-1968
	2.361
	Jun-1976
	3.653
	Jul-1984
	2.594
	Aug-1992
	4.053
	Sep-2000
	7.077

	Jun-1968
	2.19
	Jul-1976
	3.03
	Aug-1984
	3.203
	Sep-1992
	4.129
	Oct-2000
	7.826

	Jul-1968
	1.724
	Aug-1976
	3.021
	Sep-1984
	2.919
	Oct-1992
	4.936
	Nov-2000
	6.536

	Aug-1968
	1.27
	Sep-1976
	2.653
	Oct-1984
	3.557
	Nov-1992
	4.28
	Dec-2000
	5.351

	Sep-1968
	1.964
	Oct-1976
	2.495
	Nov-1984
	3.324
	Dec-1992
	4.095
	Jan-2001
	5.568

	Oct-1968
	2.319
	Nov-1976
	3.019
	Dec-1984
	2.571
	Jan-1993
	4.309
	Feb-2001
	6.002

	Nov-1968
	2.057
	Dec-1976
	2.822
	Jan-1985
	3.333
	Feb-1993
	4.629
	Mar-2001
	7.385

	Dec-1968
	1.764
	Jan-1977
	3.177
	Feb-1985
	3.312
	Mar-1993
	5.703
	Apr-2001
	6.597

	Jan-1969
	2.125
	Feb-1977
	3.189
	Mar-1985
	3.524
	Apr-1993
	5.003
	May-2001
	7.9

	Feb-1969
	1.939
	Mar-1977
	4.006
	Apr-1985
	3.579
	May-1993
	5.02
	Jun-2001
	6.973

	Mar-1969
	2.087
	Apr-1977
	3.541
	May-1985
	3.927
	Jun-1993
	5.32
	Jul-2001
	4.231

	Apr-1969
	1.955
	May-1977
	3.598
	Jun-1985
	3.621
	Jul-1993
	2.855
	Aug-2001
	7.596

	May-1969
	1.746
	Jun-1977
	3.863
	Jul-1985
	2.795
	Aug-1993
	4.668
	Sep-2001
	6.231

	Jun-1969
	2.021
	Jul-1977
	3.155
	Aug-1985
	3.487
	Sep-1993
	5.106
	Oct-2001
	7.558

	Jul-1969
	1.778
	Aug-1977
	3.405
	Sep-1985
	3.476
	Oct-1993
	5.7
	Nov-2001
	6.86

	Aug-1969
	1.475
	Sep-1977
	3.627
	Oct-1985
	4.024
	Nov-1993
	5.383
	Dec-2001
	5.646

	Sep-1969
	1.972
	Oct-1977
	3.904
	Nov-1985
	3.459
	Dec-1993
	4.785
	Jan-2002
	6.842

	Oct-1969
	2.353
	Nov-1977
	3.453
	Dec-1985
	2.887
	Jan-1994
	5.242
	Feb-2002
	6.804

	Nov-1969
	2.128
	Dec-1977
	2.936
	Jan-1986
	3.682
	Feb-1994
	5.722
	Mar-2002
	7.275

	Dec-1969
	1.977
	Jan-1978
	2.943
	Feb-1986
	3.48
	Mar-1994
	6.588
	Apr-2002
	7.988

	Jan-1970
	1.86
	Feb-1978
	3.392
	Mar-1986
	3.407
	Apr-1994
	5.658
	May-2002
	8.36

	Feb-1970
	1.69
	Mar-1978
	4.036
	Apr-1986
	3.862
	May-1994
	6.011
	Jun-2002
	7.432

	Mar-1970
	1.837
	Apr-1978
	3.85
	May-1986
	3.767
	Jun-1994
	6.22
	Jul-2002
	5

	Apr-1970
	1.743
	May-1978
	4.035
	Jun-1986
	3.722
	Jul-1994
	3.09
	Aug-2002
	8.007

	May-1970
	2.042
	Jun-1978
	4.208
	Jul-1986
	3.074
	Aug-1994
	6.465
	Sep-2002
	7.83

	Jun-1970
	2.265
	Jul-1978
	3.269
	Aug-1986
	3.171
	Sep-1994
	5.933
	Oct-2002
	8.758

	Jul-1970
	1.649
	Aug-1978
	3.375
	Sep-1986
	3.927
	Oct-1994
	6.124
	Nov-2002
	6.979

	Aug-1970
	1.754
	Sep-1978
	3.591
	Oct-1986
	3.771
	Nov-1994
	5.733
	Dec-2002
	5.855

	Sep-1970
	1.624
	Oct-1978
	4.433
	Nov-1986
	3.005
	Dec-1994
	4.872
	Jan-2003
	7.588

	Oct-1970
	1.303
	Nov-1978
	4.148
	Dec-1986
	3.023
	Jan-1995
	5.338
	Feb-2003
	7.668

	Nov-1970
	1.109
	Dec-1978
	3.382
	Jan-1987
	3.679
	Feb-1995
	5.692
	Mar-2003
	8.238

	Dec-1970
	1.724
	Jan-1979
	4.15
	Feb-1987
	3.807
	Mar-1995
	6.771
	Apr-2003
	7.73

	Jan-1971
	1.861
	Feb-1979
	3.802
	Mar-1987
	4.276
	Apr-1995
	5.461
	May-2003
	7.921

	Feb-1971
	2.029
	Mar-1979
	4.426
	Apr-1987
	3.967
	May-1995
	6.274
	Jun-2003
	7.535

	Mar-1971
	2.315
	Apr-1979
	3.165
	May-1987
	3.963
	Jun-1995
	6.51
	Jul-2003
	5.102

	Apr-1971
	2.176
	May-1979
	4.188
	Jun-1987
	3.97
	Jul-1995
	3.015
	Aug-2003
	7.524

	May-1971
	2.017
	Jun-1979
	3.619
	Jul-1987
	3.22
	Aug-1995
	6.064
	Sep-2003
	8.441

	Jun-1971
	2.426
	Jul-1979
	2.555
	Aug-1987
	3.52
	Sep-1995
	5.924
	Oct-2003
	9.022

	Jul-1971
	1.283
	Aug-1979
	1.638
	Sep-1987
	3.875
	Oct-1995
	6.368
	Nov-2003
	7.069

	Aug-1971
	1.926
	Sep-1979
	2.21
	Oct-1987
	4.366
	Nov-1995
	5.663
	Dec-2003
	7.08

	Sep-1971
	2.275
	Oct-1979
	2.815
	Nov-1987
	3.713
	Dec-1995
	4.782
	Jan-2004
	7.186

	Oct-1971
	2.374
	Nov-1979
	2.269
	Dec-1987
	3.389
	Jan-1996
	5.472
	Feb-2004
	8.091

	Nov-1971
	2.294
	Dec-1979
	1.799
	Jan-1988
	3.906
	Feb-1996
	6.19
	Mar-2004
	9.406

	Dec-1971
	1.88
	Jan-1980
	2.013
	Feb-1988
	4.161
	Mar-1996
	5.761
	Apr-2004
	8.259

	Jan-1972
	2.347
	Feb-1980
	2.094
	Mar-1988
	4.7
	Apr-1996
	6.331
	May-2004
	7.95

	Feb-1972
	2.536
	Mar-1980
	1.876
	Apr-1988
	4.034
	May-1996
	6.468
	Jun-2004
	8.215

	Mar-1972
	2.748
	Apr-1980
	1.624
	May-1988
	4.383
	Jun-1996
	5.98
	Jul-2004
	4.715

	Apr-1972
	2.65
	May-1980
	1.369
	Jun-1988
	4.454
	Jul-1996
	3.64
	Aug-2004
	8.101

	May-1972
	2.892
	Jun-1980
	1.24
	Jul-1988
	2.827
	Aug-1996
	5.854
	Sep-2004
	8.018

	Jun-1972
	2.677
	Jul-1980
	1.136
	Aug-1988
	3.965
	Sep-1996
	6.043
	Oct-2004
	8.444

	Jul-1972
	1.387
	Aug-1980
	1.003
	Sep-1988
	4.279
	Oct-1996
	6.781
	Nov-2004
	7.436

	Aug-1972
	2.001
	Sep-1980
	1.59
	Oct-1988
	4.242
	Nov-1996
	5.577
	Dec-2004
	6.948

	Sep-1972
	2.297
	Oct-1980
	2.2
	Nov-1988
	4.26
	Dec-1996
	4.87
	Jan-2005
	7.115

	Oct-1972
	2.899
	Nov-1980
	1.804
	Dec-1988
	3.804
	Jan-1997
	6.237
	Feb-2005
	8.049

	Nov-1972
	2.947
	Dec-1980
	1.71
	Jan-1989
	4.513
	Feb-1997
	6.339
	Mar-2005
	8.375

	Dec-1972
	2.327
	Jan-1981
	1.78
	Feb-1989
	4.549
	Mar-1997
	6.262
	Apr-2005
	8.046

	Jan-1973
	3.325
	Feb-1981
	1.619
	Mar-1989
	4.695
	Apr-1997
	6.519
	 
	 



The following code was used to generate the fore-mentioned data using Eviews:

	workfile trasmtmp m 1965.01 2010.12 

smpl 1965.01 2010.12 

read c:\data\trucks_aunsa-Michael-Piatek.txt trasm 

genr ltrasm=log(trasm) 

genr dltrasm=dlog(trasm) 

genr time=@trend(1965.01) 

genr time2=time*time 

genr D1=@seas(1) 

genr D2=@seas(2) 

genr D3=@seas(3) 

genr D4=@seas(4) 

genr D5=@seas(5) 

genr D6=@seas(6) 

genr D7=@seas(7) 

genr D8=@seas(8) 

genr D9=@seas(9) 

genr D10=@seas(10) 

genr D11=@seas(11) 

genr D12=@seas(12) 

freeze ltrasm.line 

freeze dltrasm.line 

'in-sample analysis 

smpl 1965.01 2003.04 

'log ARMAs in levels, trend included 

equation ltrasmeq1 

'freeze ltrasmeq1.ls ltrasm c time ar(1) 

'freeze resid.ident (24) 

equation ltrasmeq2 

'freeze ltrasmeq2.ls ltrasm c time ar(1) ar(2) 

'freeze resid.ident (24) 

equation ltrasmeq3 

'freeze ltrasmeq3.ls ltrasm c time ar(1) ar(2) ar(3) 

'freeze resid.ident (24) 

equation ltrasmeq5 

'freeze ltrasmeq5.ls ltrasm c time ma(1) 

'freeze resid.ident (24) 

equation ltrasmeq6 

'freeze ltrasmeq6.ls ltrasm c time ma(1) ma(2) 

'freeze resid.ident (24) 

equation ltrasmeq7 

'freeze ltrasmeq7.ls ltrasm c time ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

equation ltrasmeq9 

'freeze ltrasmeq9.ls ltrasm c time ar(1) ma(1) 

'freeze resid.ident (24) 

equation ltrasmeq10 

'freeze ltrasmeq10.ls ltrasm c time ar(1) ar(2) ma(1) 

'freeze resid.ident (24) 

equation ltrasmeq11 

'freeze ltrasmeq11.ls ltrasm c time ar(1) ar(2) ar(3) ma(1) 

'freeze resid.ident (24) 

equation ltrasmeq13 

'freeze ltrasmeq13.ls ltrasm c time ar(1) ma(1) ma(2) 

'freeze resid.ident (24) 

equation ltrasmeq14 

'freeze ltrasmeq14.ls ltrasm c time ar(1) ar(2) ma(1) ma(2) 

'freeze resid.ident (24) 

equation ltrasmeq15 

'freeze ltrasmeq15.ls ltrasm c time ar(1) ar(2) ar(3) ma(1) ma(2) 

'freeze resid.ident (24) 

equation ltrasmeq17 

'freeze ltrasmeq17.ls ltrasm c time ar(1) ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

equation ltrasmeq18 

'freeze ltrasmeq18.ls
	ltrasm c time ar(1) ar(2) ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

equation ltrasmeq19 

'freeze ltrasmeq19.ls ltrasm c time ar(1) ar(2) ar(3) ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

'unit root tests, trend allowed under the alternative 

'freeze ltrasm.uroot(t,1) 

'freeze ltrasm.uroot(t,2) 

'freeze ltrasm.uroot(t,3) 

'freeze ltrasm.uroot(t,4) 

'freeze ltrasm.uroot(t,5) 

'freeze ltrasm.uroot(t,6) 

'log ARMAs in changes, intercept included 

equation dltrasmeq1 

'freeze dltrasmeq1.ls dltrasm c ar(1) 

'freeze resid.ident (24) 

equation dltrasmeq2 

'freeze dltrasmeq2.ls dltrasm c ar(1) ar(2) 

'freeze resid.ident (24) 

equation dltrasmeq3 

'freeze dltrasmeq3.ls dltrasm c ar(1) ar(2) ar(3) 

'freeze resid.ident (24) 

equation dltrasmeq5 

'freeze dltrasmeq5.ls dltrasm c ma(1) 

'freeze resid.ident (24) 

equation dltrasmeq6 

'freeze dltrasmeq6.ls dltrasm c ma(1) ma(2) 

'freeze resid.ident (24) 

equation dltrasmeq7 

'freeze dltrasmeq7.ls dltrasm c ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

equation dltrasmeq9 

'freeze dltrasmeq9.ls dltrasm c ar(1) ma(1) 

'freeze resid.ident (24) 

equation dltrasmeq10 

'freeze dltrasmeq10.ls dltrasm c ar(1) ar(2) ma(1) 

'freeze resid.ident (24) 

equation dltrasmeq11 

'freeze dltrasmeq11.ls dltrasm c ar(1) ar(2) ar(3) ma(1) 

'freeze resid.ident (24) 

equation dltrasmeq13 

'freeze dltrasmeq13.ls dltrasm c ar(1) ma(1) 

ma(2) 

'freeze resid.ident (24) 

equation dltrasmeq14 

'freeze dltrasmeq14.ls dltrasm c ar(1) ar(2) ma(1) ma(2) 

'freeze resid.ident (24) 

equation dltrasmeq15 

'freeze dltrasmeq15.ls dltrasm c ar(1) ar(2) ar(3) ma(1) ma(2) 

'freeze resid.ident (24) 

equation dltrasmeq17 

'freeze dltrasmeq17.ls dltrasm c ar(1) ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

equation dltrasmeq18 

'freeze dltrasmeq18.ls dltrasm c ar(1) ar(2) ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

equation dltrasmeq19 

'freeze dltrasmeq19.ls dltrasm c ar(1) ar(2) ar(3) ma(1) ma(2) ma(3) 

'freeze resid.ident (24) 

'out-of-sample forecasting 

'short extrapolation, level 

smpl 1965.01 2003.04 

ls ltrasm c time ar(1) ar(2) 

smpl 2003.05 2005.04 

forecast yhat se 

genr up=yhat +1.96*se 


	genr dn=yhat-1.96*se 

'history and forecast 

smpl 1965.01 2003.04 

genr hist=ltrasm 

smpl 2003.05 2005.04 

genr forec=yhat 

smpl 2000.01 2005.04 

plot hist forec up dn 

plot ltrasm forec up dn 

'long extrapolation, level 

smpl 1965.01 2003.04 

ls ltrasm c time ar(1) ar(2) 

smpl 2005.04 2010.12 

forecast yhat se 

genr up=yhat +1.96*se 

genr dn=yhat-1.96*se 

'history and forecast 

smpl 1965.01 2003.04 

genr hist=ltrasm 

smpl 2005.05 2010.12 

genr forec=yhat 

smpl 2000.01 2010.12 

plot hist forec up dn 

'short extrapolation, change 

smpl 1965.01 2003.04 

ls d(ltrasm) c ar(1) 

smpl 2003.04 2005.04 

forecast yhat se 

genr up=yhat +1.96*se 

genr dn=yhat-1.96*se 

'history and forecast 

smpl 1965.01 2005.04 

genr hist=ltrasm 

smpl 2003.04 2005.04 

genr forec=yhat 

smpl 2000.01 2005.04 

plot hist forec up dn 

plot ltrasm forec up dn 

'long extrapolation, change 

smpl 1965.01 2003.04 

ls d(ltrasm) c ar(1) 

smpl 2003.04 2010.12 

forecast yhat se 

genr up=yhat +1.96*se 

genr dn=yhat-1.96*se 

'history and forecast 

smpl 1965.01 2003.04 

genr hist=ltrasm 

smpl 2005.05 2010.12 

genr forec=yhat 

smpl 2000.01 2010.12 

plot hist forec up dn 

matrix (5,5) AICS 

matrix (5,5) SICS 

Equation MA1 

MA1.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 MA(1) 

AICS(1,2) = @AIC 

SICS(1,2) = @Schwarz 

Equation MA2 

MA2.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 MA(1) MA(2) 

AICS(1,3) = @AIC 

SICS(1,3) = @Schwarz 

Equation MA3 

MA3.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 MA(1) MA(2) MA(3) 

AICS(1,4) = @AIC 

SICS(1,4) = @Schwarz 

Equation MA4 

MA4.ls log(trasm) time
time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 MA(1) MA(2) MA(3) MA(4) 

AICS(1,5) = @AIC 

SICS(1,5) = @Schwarz 

Equation AR1 

AR1.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) 

AICS(2,1) = @AIC 

SICS(2,1) = @Schwarz 

Equation AR1MA1 

AR1MA1.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 


	D11 D12 AR(1) MA(1)
AICS(2,2) = @AIC 

SICS(2,2) = @Schwarz 

Equation AR1MA2 

AR1MA2.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) MA(1) MA(2) 

AICS(2,3) = @AIC 

SICS(2,3) = @Schwarz 

Equation AR1MA3 

AR1MA3.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) MA(1) MA(2) MA(3) 

AICS(2,4) = @AIC 

SICS(2,4) = @Schwarz 

Equation AR1MA4 

AR1MA4.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) MA(1) MA(2) MA(3) MA(4) 

AICS(2,5) = @AIC 

SICS(2,5) = @Schwarz 

Equation AR2 

AR2.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) 

AICS(3,1) = @AIC 

SICS(3,1) = @Schwarz 

Equation AR2MA1 

AR2MA1.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) MA(1) 

AICS(3,2) = @AIC 

SICS(3,2) = @Schwarz 

Equation AR2MA2 

AR2MA2.ls log(trasm) time time2 D1 D2 D3 D4
D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) MA(1) MA(2) 

AICS(3,3) = @AIC 

SICS(3,3) = @Schwarz 

Equation AR2MA3 

AR2MA3.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) MA(1) MA(2) MA(3) 

AICS(3,4) = @AIC 

SICS(3,4) = @Schwarz 

Equation AR2MA4 

AR2MA4.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2)
MA(1) MA(2) MA(3) MA(4) 

AICS(3,5) = @AIC 

SICS(3,5) = @Schwarz 

Equation AR3 

AR3.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) 

AICS(4,1) = @AIC 

SICS(4,1) = @Schwarz 

Equation AR3MA1 

AR3MA1.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) MA(1) 

AICS(4,2) = @AIC 


	SICS(4,2) = @Schwarz 

Equation AR3MA2 

AR3MA2.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) MA(1) MA(2) 

AICS(4,3) = @AIC 

SICS(4,3) = @Schwarz 

Equation AR3MA3 

AR3MA3.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) MA(1) MA(2) MA(3) 

AICS(4,4) = @AIC 

SICS(4,4) = @Schwarz 

Equation AR3MA4 

AR3MA4.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) MA(1) MA(2) MA(3) MA(4) 

AICS(4,5) = @AIC 

SICS(4,5) = @Schwarz 

Equation AR4 

AR4.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) AR(4) 

AICS(5,1) = @AIC 

SICS(5,1) = @Schwarz 

Equation AR4MA1 

AR4MA1.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) AR(4) MA(1) 

AICS(5,2) = @AIC 

SICS(5,2) = @Schwarz 

Equation AR4MA2 

AR4MA2.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) AR(4) MA(1) MA(2) 

AICS(5,3) = @AIC 

SICS(5,3) = @Schwarz 

Equation AR4MA3 

AR4MA3.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) AR(4) MA(1) MA(2) MA(3) 

AICS(5,4) = @AIC 

SICS(5,4) = @Schwarz 

Equation AR4MA4 

AR4MA4.ls log(trasm) time time2 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 AR(1) AR(2) AR(3) AR(4) MA(1) MA(2) MA(3) MA(4) 

AICS(5,5) = @AIC 

SICS(5,5) = @Schwarz
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