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Midterm

1. (15 min) Briefly answer the following questions
a. If a time series is trended, what problem does this cause for estimating a Box-Jenkins ARIMA model?
b. What can you do to prepare this trended time series for Box-Jenkins analysis?

c. If a time series has a random walk component, what problem does this cause for estimating a Box-Jenkins ARIMA model?

d. What can you do to prepare this time series with a random walk component for Box-Jenkins analysis?

e. What is meant by pre-whitening a time series?
2. (15 min) In Lab three, we estimated the following model for the month to month change (first difference) in the inventory to sales ratio obtained from FRED, disratio. This model was validated by examining the correlogram and histogram of the residuals. They are white noise. The Breusch-Godfrey Lagrangian multiplier test showed no significant residual serial correlation. The last change in the inventory to sales ratio was -0.01 for January 2008
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a. Forecast the change in the inventory to sales ratio for February 2008
b. What is the approximate standard error on this forecast?.

c. The inventory to sales ratio for January 2008 was 1.25. What is the forecast in this ratio for February?
d. What is the standard error in this forecast of the ratio for February?
3. (15 min) A time series is described as:
x(t) = 0.8 x(t-2) +wn(t), where wn(t) is white noise.

a. Is this time series stationary?
b. Express this time series in its moving average form, i.e. synthesized from current and past shocks.
c. Show that the mean function of x(t), i.e. m(t) = E[x(t)] is zero..

d. What is the value of the autocorrelation function at lag two?

e. What is the value of the autocorrelation function at lag four?
4. (15 min) A time series, RG_USGD, for the price of regular gas, in dollars per gallon, for the US Gulf region is available from Global Financial Data. The data used here is daily, Monday through Friday from December 3, 2007 through April 25, 2008 with the exception of Christmas, New Years, Martin Luther King Day, Presidents’ Day, and Good Friday. A linear trend was fit to the price data with the results reported below in Table 4-1. 
	Table 4-1

	Dependent Variable: RG_USGD

	Method: Least Squares

	Sample: 12/03/2007 4/25/2008

	Included observations: 100

	Excluded observations: 5

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	TIME
	0.597677
	0.034067
	17.54394
	0.0000

	C
	215.0381
	2.069978
	103.8843
	0.0000

	
	
	
	
	

	R-squared
	0.758496
	    Mean dependent var
	246.4401

	Adjusted R-squared
	0.756031
	    S.D. dependent var
	21.05023

	S.E. of regression
	10.39737
	    Akaike info criterion
	7.540781

	Sum squared resid
	10594.33
	    Schwarz criterion
	7.592884

	Log likelihood
	-375.0390
	    F-statistic
	307.7900

	Durbin-Watson stat
	0.247355
	    Prob(F-statistic)
	0.000000


a. What was the average price of gas per gallon during this period?
b. How much did the price of gas go up per business day? How much per week?
A plot of Actual, fitted and residual is shown in Figure 4-1.
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Figure 4-1: Actual, Fitted, and Residual from Regression: RG_USGD(t) = a + bt +e(t)
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Figure 4-1: Actual, Fitted, and Residual from Regression: RG_USGD(t) = a + bt +e(t)


c. If you had to guess what the appropriate time series model for the residual is, what would it be?
The time series was first differenced, DRG_USGD(t) = RG_USGD(t) – RG_USGD(t-1). A linear trend model was estimated for the day to day changes, as reported below in Table 4-2.
	Table 4-2

	Dependent Variable: DRG_USGD

	Method: Least Squares

	Sample(adjusted): 12/04/2007 4/25/2008

	Included observations: 94

	Excluded observations: 10 after adjusting endpoints

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	TIME
	0.017826
	0.017531
	1.016801
	0.3119

	C
	-0.456227
	1.081283
	-0.421931
	0.6741

	
	
	
	
	

	R-squared
	0.011113
	    Mean dependent var
	0.500106

	Adjusted R-squared
	0.000364
	    S.D. dependent var
	5.172967

	S.E. of regression
	5.172025
	    Akaike info criterion
	6.145452

	Sum squared resid
	2460.985
	    Schwarz criterion
	6.199565

	Log likelihood
	-286.8363
	    F-statistic
	1.033883

	Durbin-Watson stat
	2.540318
	    Prob(F-statistic)
	0.311915

	
	
	
	
	


d. Is there a significant trend in the day to day changes in the price of gasoline, DRG_USGD?

The trend variable was dropped from the regression and the equation was re-estimated, with the results reported in Table 4-3. 
	Table 4-3

	Dependent Variable: DRG_USGD

	Method: Least Squares

	Sample(adjusted): 12/04/2007 4/25/2008

	Included observations: 94

	Excluded observations: 10 after adjusting endpoints

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	C
	0.500106
	0.533551
	0.937317
	0.3510

	
	
	
	
	

	R-squared
	0.000000
	    Mean dependent var
	0.500106

	Adjusted R-squared
	0.000000
	    S.D. dependent var
	5.172967

	S.E. of regression
	5.172967
	    Akaike info criterion
	6.135351

	Sum squared resid
	2488.641
	    Schwarz criterion
	6.162407

	Log likelihood
	-287.3615
	    Durbin-Watson stat
	2.512321

	
	
	
	
	


e. Interpret the estimated parameter c.

5. (15 min) A Box-Jenkins approach was taken to model the day to day changes in the price of regular gasoline, DRG_USGD. A trace of this time series is shown in Figure 5-1.
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Figure 5-1: Day to Day Changes in the Price of Regular Gas, DRG_USGD




-20

-15

-10

-5

0

5

10

15

12/03 12/31 1/28 2/25 3/24 4/21

DRG_USGD

Figure 5-1: Day to Day Changes in the Price of Regular Gas, DRG_USGD


The histogram of these day to day price changes is shown in Figure 5-2.
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Figure 5-2: Histogram of Daily Changes in the Price of Regular, DRG_USGD
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Figure 5-2: Histogram of Daily Changes in the Price of Regular, DRG_USGD


The correlogram of these day to day changes in price is shown in Table 5-1.
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A unit root test for daily changes in the price of gas is shown in Table 5-2.

Table 5-2: Dickey Fuller Unit Root Test for DRG_USGD

	ADF Test Statistic
	-11.65739
	    1%   Critical Value*
	-3.5055

	
	
	    5%   Critical Value
	-2.8943

	
	
	    10% Critical Value
	-2.5840

	
	
	
	
	

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

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller Test Equation

	Dependent Variable: D(DRG_USGD)

	Method: Least Squares

	
	
	
	
	

	Sample(adjusted): 12/05/2007 4/25/2008

	Included observations: 88

	Excluded observations: 15 after adjusting endpoints

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	DRG_USGD(-1)
	-1.221207
	0.104758
	-11.65739
	0.0000

	C
	0.594483
	0.551581
	1.077779
	0.2841

	
	
	
	
	

	R-squared
	0.612429
	    Mean dependent var
	0.184545

	Adjusted R-squared
	0.607922
	    S.D. dependent var
	8.246700

	S.E. of regression
	5.163762
	    Akaike info criterion
	6.143673

	Sum squared resid
	2293.142
	    Schwarz criterion
	6.199976

	Log likelihood
	-268.3216
	    F-statistic
	135.8948

	Durbin-Watson stat
	2.052300
	    Prob(F-statistic)
	0.000000

	
	
	
	
	


a. Is DRG_USGD stationary or evolutionary?

b. Is DRG_USGD distributed significantly different from normal?
c. Suggest three different simple, plausible, two parameter ARMA, i.e. Box-Jenkins models for DRG_USGD? (actually EViews requires continuous data to estimate MA terms so we would have to interpolate for the five holidays.)
One plausible two parameter model for DRG_USGD, which required no interpolation, was estimated and is reported in Table 5-3.
	Table 5-3: Autoregressive Model for DRG_USGD

	Dependent Variable: DRG_USGD

	Method: Least Squares

	Sample(adjusted): 12/10/2007 4/25/2008

	Included observations: 76

	Excluded observations: 24 after adjusting endpoints

	Convergence achieved after 3 iterations

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	C
	0.487684
	0.676280
	0.721128
	0.4731

	AR(1)
	-0.189587
	0.111790
	-1.695925
	0.0942

	AR(4)
	0.321809
	0.122866
	2.619189
	0.0107

	
	
	
	
	

	R-squared
	0.127505
	    Mean dependent var
	0.522895

	Adjusted R-squared
	0.103601
	    S.D. dependent var
	5.402703

	S.E. of regression
	5.115191
	    Akaike info criterion
	6.140980

	Sum squared resid
	1910.058
	    Schwarz criterion
	6.232983

	Log likelihood
	-230.3572
	    F-statistic
	5.334032

	Durbin-Watson stat
	2.070378
	    Prob(F-statistic)
	0.006884

	
	
	
	
	

	Inverted AR Roots
	       .71
	  -.05+.75i
	  -.05 -.75i
	      -.81

	
	
	
	
	


The correlogram of the residuals from this model follows as Table 5-4.
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d. Is this a satisfactory ARMA model? Comment on your criteria.
e. Is there a cycle in gasoline prices?
f. (5 points extra credit) What is the period of this cycle?






