June 13, 2007
FINAL Econ 240C 1
Mr. Phillips

Answer all five questions.
1. (30) California Personal Income Per Capita in constant 2000 dollars is available on-line from the California Department of Finance for the years 1959 through 2006, and is abbreviated capypc00. It was $13,425 in 1959 and $34,004 in 2006. It is plotted against a trend variable that is zero in 1959, one in 1960, etc. in Fig.1-1. The results of an ordinary least squares regression are reported in Table 1-1.
[image: image1.emf]Figure 1-1: California Personal Income Per Capita in Constant 2000 Dollars, 1959-2006
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	Table 1-1

	Dependent Variable: CAPYPC00

	Method: Least Squares

	Sample: 1959 2006

	Included observations: 48

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	TREND
	421.8903
	9.309097
	45.32022
	0.0000

	C
	13365.10
	253.9468
	52.62953
	0.0000

	
	
	
	
	

	R-squared
	0.978094
	    Mean dependent var
	23279.52

	Adjusted R-squared
	0.977618
	    S.D. dependent var
	5972.239

	S.E. of regression
	893.4794
	    Akaike info criterion
	16.46890

	Sum squared resid
	36722049
	    Schwarz criterion
	16.54686

	Log likelihood
	-393.2535
	    F-statistic
	2053.922

	Durbin-Watson stat
	0.329104
	    Prob(F-statistic)
	0.000000


a. Interpret the coefficient on the explanatory variable. What does it mean?
Income per capita is increasing $421.89 constant dollars per year.
b. What is the average personal income per capita over this 48 year period?

From Table 1-1, the mean of the dependent variable is $ 23,279.52.
c. How much of the variance is explained by trend?

R2 = 97.8 %.
d. Based on the information in Table 1-1, are there any econometric problems with this regression? The Durbin-Watson Statistic of. 0.33 is low indicating autocorrelation of the residuals.
e. What does this trend model forecast for personal income per capita in 2007?

E2006 CAPYPC00(2007) = $13,365.10 + $421.89*48 = $33, 615.82~$33616
f. Is this your best one year ahead forecast, given the information available? What would you forecast for 2007? The trend line is a long range forecast. Note from Figure 1-1 that CAPYC00(2006) is above the trend line. So you could add the slope of $422 to the observed CAPYC00 (2006) of $34,004, given in the opening paragraph, for a forecast, in 2000 $, of $ 34,426. Note this is $810 higher than the trend forecast but still within the standard error of the regression of $893.
2. (30) The plot of actual, fitted and residual from the trend regression above is shown in Figure 2-1. The histogram of the residuals follows as Figure 2-2, and the correlogram of the residuals is shown in Figure 2-3.
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Figure 2-1: Actual, Fitted and Residula Plot from the Trend regression of CA Personal Income Per Capita
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Figure 2-1: Actual, Fitted and Residula Plot from the Trend regression of CA Personal Income Per Capita
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Figure 2-2: histogram of the Residuals from the Trend Regression
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a. Do the residuals from the trend regression in Question 1 look independent of one another? No. See part d. Also note the pattern of the residuals in Figure 2-1 is not random but below zero for awhile, then above zero for awhile, etc. indicating autocorrelated residuals. Lastly, the correlogram of the residuals, Fig. 2-3, shows that the residuals are not independent of one another, i.e. orthogonal, but autocorrelated of order two.
b. Are the residuals from the trend regression in Question 1 normally distributed?

No. They are significantly non-normal at the 5% level, but not at the 1% level, so they are only a little bit non-normal but note there are only 48 observations, so the precision is not high.
c. What conclusions do you draw from the partial auto-correlation function of the residuals? The standard error of the autocorrelations and partial autocorrelations is 1/481/2 = 0.14, so the parial autocorrelations at lags one and two are more than two standard deviations from zero, but not the third partial autocorrelation. Therefore, the residuals appear to be autocorrelated of the second order. This is consistent with the 95% confidence bands (dotted lines) in Fig. 2-3.
d. What would you do to improve the trend regression in Question 1?

Add an ar(1) and ar(2) term to the trend regression in Eviews.
e. Do you think your answer to part d above will increase or decrease the standard error of the regression? Decrease, since modeling the residual will explain some of the variance unexplained by trend.
3. (30) The monthly energy consumer price index for all urban consumers, cpiengns, which is not seasonally adjusted, is available at FRED from January 1956 –April 2007, and its trace is shown in the following Figure 3-1., 1982-84=100.
[image: image5.png]100)

(Index 1982-84

2%

200

15

100

50

Consumer Price Index for All Urban Consumers: Energy (CPIENGNS)
Source: U.S. Department of Labor: Bureau of Labor Statistics

1980

1960 1570 1980 1980 2000 2010

Shaded areas indicate recessions as determined by the NBER.
2007 Federal Reserve Bank of St. Louis: research stiouisfed.org





The natural logarithm was taken and the trace of this variable shows four distinct eras, as depicted in Figure 3-2. There was the period before the 1974 recession when the growth in energy prices was modest. Then from 1974-1981, the OPEC era, energy prices rose rapidly. This was followed by a period of slow growth ending sometime after the 2001 recession. This was followed by the current era of rapid growth in energy prices.
The difference in the logarithm of the index was taken, and this is the fractional change in prices, i.e. multiplied by 100, the monthly rate of inflation in energy prices. The correlogram of this variable showed a seasonal cycle so the seasonal difference of the difference in the logarithm of the energy price index was used, sddlncpiengns = dsdlncpiengns. The trace of this variable is shown in Figure 3-3. This time series is quite kurtotic as shown by its Histogram in Figure 3-4. The Correlogram of this series is shown in Figure 3-5. There is evidence of over seasonal differencing that will have to be corrected with ARMA terms.
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Figure 3-2; Log of Energy Price Index for Urban Consumers
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Figure 3-2; Log of Energy Price Index for Urban Consumers
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Figure 3-3:Seasonal Difference in Monthly rate of Inflation In Energy Prices
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Figure 3-3:Seasonal Difference in Monthly rate of Inflation In Energy Prices
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Figure 3-4: Histogram of the Seasonal difference in the Monthly Rate of Inflation In Energy Prices
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a. What is the point of plotting the trace of the log of the energy price index in Fig.3-2 when we already have the trace of the energy price index in Fig. 3-1?
The slope of the log of the energy price index plotted against time is the exponential growth rate per year, and if there are four different eras where there are four different exponential growth rates, i.e. rates of inflation, then this will clearly show up, as in Figure 3-2.
b. How many partial autocorrelations of dsdlncpiengns at low lags are significant? Three: pacf(1), pacf(2), pacf(3).
c. What is the approximate standard deviation of the autocorrelations and partial autocorrelations? STDERR = 1/5911/2  ~ 0.04.
d. What order autoregressive model would you estimate first? Given answer to part c, directly above, third order. 
e. How would you determine how well this first attempt at modeling worked? What would be the steps of your diagnostic process? (1) examine estimation results for the model and check that the three coefficients on the ar terms are significant, (2) examine the plot of actual, fitted, and residual and see if the fitted tracks the actual pretty well, and see if there are any noisy episodes in the residuals, (3) examine the correlogram of the residuals and the probabilities for the Q-statistics to see if there were significant peaks to still fit, (4) examine the Breusch-Godfrey serial correlation Lagrange multiplier test to see if there was still significant correlation, and to see if this was consistent with step three of this diagnostic process, (5) check the histogram of the residuals to see if they were distributed normally, (6) examine the correlogram of the residuals squared to see if there was evidence of conditional heteroskedasticity, especially if indicated in step 2 by noisy episodes, (7) examine the ARCH test to see if there was significant conditional heteroskedasticity, consistent with step six of this diagnostic process.
f. What would be your ultimate measure (s) for a satisfactory model? Ortogonal residuals, homoskedastic residuals and, hopefully, normal residuals
4. (30) Various models of the difference in the seasonal difference in the log of the energy price index were explored. The estimation results for one of these models is shown in Table 4-1. The plot of actual, fitted, and residuals follows as Figure 4-1, and the histogram of the residuals as Figure 4-2, and the correlogram of the residuals as Figure 4-3.
	Table 4-1

	Dependent Variable: DSDLNCPIENGNS

	Method: Least Squares

	Sample(adjusted): 1959:02 2007:04

	Included observations: 579 after adjusting endpoints

	Convergence achieved after 6 iterations

	Backcast: 1958:02 1959:01

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	C
	0.000116
	0.000192
	0.606007
	0.5448

	AR(1)
	0.501240
	0.039549
	12.67388
	0.0000

	AR(2)
	-0.256936
	0.042544
	-6.039286
	0.0000

	AR(3)
	0.155352
	0.038901
	3.993509
	0.0001

	AR(11)
	0.239908
	0.040578
	5.912276
	0.0000

	AR(12)
	-0.344007
	0.045752
	-7.518959
	0.0000

	MA(12)
	-0.811302
	0.030201
	-26.86359
	0.0000

	
	
	
	
	

	R-squared
	0.630589
	    Mean dependent var
	6.56E-05

	Adjusted R-squared
	0.626714
	    S.D. dependent var
	0.025381

	S.E. of regression
	0.015507
	    Akaike info criterion
	-5.483031

	Sum squared resid
	0.137548
	    Schwarz criterion
	-5.430304

	Log likelihood
	1594.338
	    F-statistic
	162.7350

	Durbin-Watson stat
	1.984225
	    Prob(F-statistic)
	0.000000

	
	
	
	
	

	Inverted AR Roots
	   .87+.19i
	   .87 -.19i
	   .69 -.59i
	   .69+.59i

	
	   .31+.88i
	   .31 -.88i
	  -.16+.93i
	  -.16 -.93i

	
	  -.60+.70i
	  -.60 -.70i
	  -.86 -.26i
	  -.86+.26i

	Inverted MA Roots
	       .98
	   .85+.49i
	   .85 -.49i
	   .49 -.85i

	
	   .49+.85i
	  -.00 -.98i
	  -.00+.98i
	  -.49 -.85i

	
	  -.49+.85i
	  -.85+.49i
	  -.85 -.49i
	      -.98
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Figure 4-1: Plot of Actual, Fitted, and Residuals from ARMA Model
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Figure 4-1: Plot of Actual, Fitted, and Residuals from ARMA Model
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Figure 4-2: Histogram of the Residuals from the ARMA Model
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a. Does the fitted variable track the actual variable fairly well?
Yes, from Fig.4-1, but there are some peaks in the actual not followed by the fitted, and the residuals seem especially noisy in this decade.
b. Are you happy with the residuals from this model? 

Yes, they are orthogonal, and more normal than the dependent variable, but still kurtotic.
c. Is the histogram of the residual from this model more or less kurtotic than the histogram of the variable itself? Less kurtotic, but still significantly non-normal.
d. Do you think this is a satisfactory model? Yes, if you ignore the conditional heteroskedasticity; no, if you do not.
e. What additional information would you like to solidify your opinion? (1) The serial correlation test, not given, but with a probability of 0.19 for the F statistic, indicates insignificant autocorrelation left, consistent with the correlogram of the residuals, Fig. 4-3, (2).the correlogram of the residuals squared, not given, which shows significant conditional heteroskedasticity, and (3) the ARCH test, not given, with a probability for the F-statistic of  0.000001, also indicating highly significant conditional heteroskedasticity, i.e. resoundingly rejecting the null of homoskedsticity.
5. (30) An ARCH-GARCH model was also estimated for the difference in the seasonal difference of the logarithm of the energy price index. The results of the estimation are shown in Table 5-1. The correlogram of the standardized residuals had satisfactory Q-statistics, these standardized residuals had similar kurtosis to those from the ARMA Model in Question 4. The ARCH LM test with 2 lags was OK. The graph of the conditional standard deviation follows as Figure 5-1.
	Table 5-1: ARCH-GARCH Model

	Dependent Variable: DSDLNCPIENGNS

	Method: ML - ARCH

	Sample(adjusted): 1959:02 2007:04

	Included observations: 579 after adjusting endpoints

	Convergence achieved after 35 iterations

	Backcast: OFF (Roots of MA process too large for backcast)

	
	
	
	
	

	
	Coefficient
	Std. Error
	z-Statistic
	Prob.  

	
	
	
	
	

	C
	0.000105
	0.000170
	0.616252
	0.5377

	AR(1)
	0.439116
	0.045377
	9.677033
	0.0000

	AR(11)
	0.095143
	0.040400
	2.355019
	0.0185

	AR(12)
	-0.112814
	0.046428
	-2.429857
	0.0151

	MA(1)
	-0.030715
	0.023894
	-1.285473
	0.1986

	MA(10)
	0.054413
	0.016800
	3.238965
	0.0012

	MA(12)
	-0.851467
	0.023714
	-35.90621
	0.0000

	
	
	
	
	

	
	       Variance Equation

	
	
	
	
	

	C
	8.60E-06
	2.13E-06
	4.032570
	0.0001

	ARCH(1)
	0.193770
	0.031608
	6.130481
	0.0000

	GARCH(1)
	0.784505
	0.028488
	27.53802
	0.0000

	
	
	
	
	

	R-squared
	0.577799
	    Mean dependent var
	6.56E-05

	Adjusted R-squared
	0.571121
	    S.D. dependent var
	0.025381

	S.E. of regression
	0.016622
	    Akaike info criterion
	-5.797903

	Sum squared resid
	0.157204
	    Schwarz criterion
	-5.722578

	Log likelihood
	1688.493
	    F-statistic
	86.52212

	Durbin-Watson stat
	1.859226
	    Prob(F-statistic)
	0.000000
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Figure 5-1: Plot of Trace of the Conditional Standard Deviation from the ARCH-GARCH Model
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Figure 5-1: Plot of Trace of the Conditional Standard Deviation from the ARCH-GARCH Model


This plot of the conditional standard deviation led to the following question. Had the US invasion of Iraq in March 2003 led to higher energy prices and/or more uncertainty in energy prices? A dummy or step variable was created that was zero before March 2003 and one thereafter. This Iraq variable was added to both the ARMA model for the mean deseasonalized rate of inflation in energy prices, sddlncpiengns, and to the model of the conditional variance. The results are shown in Table 5-2.

	Table 5-2: ARCHGARCH ARMA Model With the IRAQ Step Function

	Dependent Variable: DSDLNCPIENGNS

	Method: ML - ARCH

	Sample(adjusted): 1959:02 2007:04

	Included observations: 579 after adjusting endpoints

	Convergence achieved after 29 iterations

	Backcast: OFF (Roots of MA process too large for backcast)

	
	
	
	
	

	
	Coefficient
	Std. Error
	z-Statistic
	Prob.  

	
	
	
	
	

	C
	5.27E-05
	0.000176
	0.298931
	0.7650

	IRAQ
	0.002159
	0.003933
	0.548926
	0.5831

	AR(1)
	0.444382
	0.046955
	9.464021
	0.0000

	AR(11)
	0.083537
	0.038084
	2.193517
	0.0283

	AR(12)
	-0.099083
	0.047769
	-2.074188
	0.0381

	MA(1)
	-0.033733
	0.023215
	-1.453089
	0.1462

	MA(10)
	0.060077
	0.016766
	3.583281
	0.0003

	MA(12)
	-0.847870
	0.023293
	-36.40001
	0.0000

	
	
	
	
	

	
	       Variance Equation

	
	
	
	
	

	C
	1.62E-05
	2.83E-06
	5.722649
	0.0000

	ARCH(1)
	0.232530
	0.038582
	6.026942
	0.0000

	GARCH(1)
	0.688601
	0.033487
	20.56338
	0.0000

	IRAQ
	0.000150
	8.13E-05
	1.839165
	0.0659

	
	
	
	
	

	R-squared
	0.575519
	    Mean dependent var
	6.56E-05

	Adjusted R-squared
	0.567284
	    S.D. dependent var
	0.025381

	S.E. of regression
	0.016696
	    Akaike info criterion
	-5.804812

	Sum squared resid
	0.158052
	    Schwarz criterion
	-5.714422

	Log likelihood
	1692.493
	    F-statistic
	69.88633

	Durbin-Watson stat
	1.867180
	    Prob(F-statistic)
	0.000000

	
	
	
	
	



a. What is the name for this type of time series model with the Iraq step function?



Intervention Model, both for the mean and the conditional variance.
b. Interpret the result for the seasonal difference (deseasonalized) monthly rate of inflation in energy prices. Did the invasion of Iraq raise the rate of inflation in energy prices? No. The z-statistic on the coefficient on Iraq is only 0.55, so this coefficient, while positive, is not significantly different from zero
c. Interpret the result for the conditional variance? Did the invasion of Iraq  make energy prices more uncertain or less uncertain? More uncertain, since the coefficient is positive, but its significance depends on the alternative hypothesis, is it a one-tailed test or a two-tailed test. Republicans might want a two-tailed test, in which case it is not significant at the 5% level, while Democrats might want a one-tailed test, in which case the z-statistic of 0.033 is significant at the 0.05 level (5%, i.e. 95% level). 
d. If your null hypothesis is that the Iraq invasion had no effect on the conditional variance and your alternative hypothesis is that the invasion raised the variance, i,e, made energy prices more uncertain, does this change your answer to part c? Yes, the significance of the test at the 5% level depends on your priors, i.e. upon your alternative hypothesis.
Lastly, the conditional variance was added to the ARMA model of the mean and the Iraq step function was added to the conditional variance. The results are shown in Table 5-3.

	Table 5-3: ARCH-GARCH( with IRAQ Variable), ARMA Model (with GARCH Variable)

	Dependent Variable: DSDLNCPIENGNS

	Method: ML - ARCH

	Sample(adjusted): 1959:02 2007:04

	Included observations: 579 after adjusting endpoints

	Convergence achieved after 48 iterations

	Backcast: OFF (Roots of MA process too large for backcast)

	
	
	
	
	
	

	
	Coefficient
	Std. Error
	z-Statistic
	Prob.  
	

	
	
	
	
	
	

	GARCH
	1.620904
	0.814319
	1.990502
	0.0465
	

	C
	-0.000555
	0.000335
	-1.656710
	0.0976
	

	AR(1)
	0.444684
	0.047820
	9.299130
	0.0000
	

	AR(11)
	0.076870
	0.037974
	2.024297
	0.0429
	

	AR(12)
	-0.083818
	0.046638
	-1.797207
	0.0723
	

	MA(1)
	-0.031490
	0.021512
	-1.463794
	0.1433
	

	MA(10)
	0.073295
	0.016723
	4.382943
	0.0000
	

	MA(12)
	-0.846771
	0.022385
	-37.82796
	0.0000
	

	
	
	
	
	
	

	
	       Variance Equation

	
	
	
	
	
	

	C
	1.78E-05
	3.03E-06
	5.869567
	0.0000
	

	ARCH(1)
	0.251820
	0.040549
	6.210257
	0.0000
	

	GARCH(1)
	0.660409
	0.034172
	19.32581
	0.0000
	

	IRAQ
	0.000173
	8.84E-05
	1.962206
	0.0497
	

	
	
	
	
	
	

	R-squared
	0.564631
	    Mean dependent var
	6.56E-05
	

	Adjusted R-squared
	0.556185
	    S.D. dependent var
	0.025381
	

	S.E. of regression
	0.016909
	    Akaike info criterion
	-5.806080
	

	Sum squared resid
	0.162107
	    Schwarz criterion
	-5.715690
	

	Log likelihood
	1692.860
	    F-statistic
	66.84937
	

	Durbin-Watson stat
	1.861428
	    Prob(F-statistic)
	0.000000
	

	
	
	
	
	
	


The uncertainty in the energy prices, i.e. the GARCH variable significantly adds to the inflation rate in energy prices, probability 0.047, and the Iraq step function shows the US invasion of Iraq significantly increased the uncertainty in energy prices, probability 0.0497, so even the Republicans have to take cover.
e. What is this kind of ARCH-GARCH model for the mean, i.e. the ARMA model called? ARCH-M, where the conditional variance, i.e. the GARCH variable, affects the mean.
Figure 5-2 is a plot of the conditional variance from March 2003 until April 2007. GARCH01 is the conditional variance without the Iraq dummy, i.e. from Table 5-1. GARCH03 is the conditional variance with the Iraq dummy, and the conditional variance affecting the mean, i.e. from Table 5-3. 
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Figure 5-2: The Conditional Variance After the Iraq Invasion:


GARCH01 Without Iraq Step Function (Table 5-1);


GARCH03 with Iraq Step Function & GARCH Variable (Table 5-3)
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