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Lecture 8

Modeling Long-run Relationships

(Unit Roots, Cointegration and Error-Correction Models)

EC 413/513

Economic Forecast and Analysis

(Professor Lee)

Read 

(Handbook Ch 4, 6)

Stationarity and Unit root
· When the data appears non-stationary (slowly decaying ACFs), we take the first difference to make it stationary.  Why?
  To avoid SPURIOUS regression (usual regression involving independent variables, VAR models, and any regression,..).
·  A regression or ARMA model with non-stationary variables often leads to “high R2 and high t-values (but low Durbin Watson (D/W) statistic)”.  These values are meaningless in spurious regression.

·  For meaningful regression analysis, we need to take a first difference of (logged) data.

·  The first difference is based on the notion that ( = 1 in the following:
yt = ( yt-1 + ut   yt = yt-1 + ut  

Thus,  yt - yt-1 = ut   (stationary process)

ote: if log is taken, logyt =  logyt - logyt-1 = log(yt/yt-1) = log[(yt-1+yt)/yt-1] = log(1 +yt/yt-1 ) = yt/yt-1  = growth rates

· A formal way to examine whether a time series is non-stationary is: 
      Unit Root Test





yt = ( yt-1 + ut




H0:  ( = 1 (unit root) implying non-stationary





Ha:  ( < 1 implying stationary



(more details; see below)
· Non-stationarity implies stochastic trend (rather than deterministic trend) and integrated process:



yt = yt-1 + ut   (eg, random walk model)


This can be rearranged as :




yt  = y0 + u1 + u2 + .. + ut =  y0 + eq \i\su(j=1 ,t, )uj 



where stochastic trend = eq \i\su(j=1 ,t, )uj 






(cumulative sum of all previous shocks)



Note: Var(yt) = Var(y0 + eq \i\su(j=1 ,t, )uj) = t (2.  





(Variance depends on t, and increases as t increases!)



It has a tendency to AVERT; 

· no tendancy to return to a historical mean (unconsidtional mean) or a trend.

· Not mean-Reverting process).


A deterministic trend implies a process with a trend function.



yt = a + b t + ut    (if  ( < 1 in   yt = ( yt-1 + ut)



A stationary process is a mean-reverting process.
· Integrated process
“If a non-stationary series, yt, must be differenced d times before it becomes stationary, then it is said to be integrated of order d.”  If so, we say:



yt ~ I(d)



If  yt ~ I(d), d yt ~ I(0)

· If yt ~ I(0), it is already stationary.
· If yt ~ I(1), we need to difference it ONCE. 

yt  = yt   yt-1  

· If yt ~ I(2), we need to difference it TWICE.
2 yt  =  yt  - yt-1  
In sum,


Unit root process 


= non-stationary process


= need differencing (difference-stationary)


= I(1) process (or higher) 



= having stochastic trend 


= mean-averting process


= highly persistent process (a shock has a permanent impact)



= hardly predictable process (as in a random walk model); the best prediction is the past value
Unit Root Tests
Google search (as of Nov 22, 2007): about 7,220,000 records for “unit root test”. 

  [Google scholar search: about 748,000 records]

 Basic Equations (Dickey-Fuller Tests)
(1)  yt = ( yt-1 + ut     

(no constant, no trend)
(2)  yt = c + ( yt-1 + ut     

(constant but no trend)
(3)  yt = c + b t + ( yt-1 + ut
(constant and trend)

Test H0:  ( = 1 
against Ha: ( < 1
Or, use

(1a)  yt = c + ( yt-1 + ut     
(no constant, no trend)

(2a)  yt = c + ( yt-1 + ut     
(constant but no trend)

(3a)  yt = c + b t + ( yt-1 + ut
(constant and trend)

Test H0:  ( = 0
against Ha: ( < 0

Testing Regressions (Augmented Dickey-Fuller Tests)

         We add augmentation terms to correct for autocorrelations.

(1b) yt = ( yt-1 + eq \i\su(j=1 ,k, )(j yt-j + ut     

(no constant, no trend)

(2b) yt = c + ( yt-1 + eq \i\su(j=1 ,k, )(j yt-j + ut     
(constant but no trend)

(3b) yt = c + b t + ( yt-1 + eq \i\su(j=1 ,k, )(j yt-j  + ut
(constant and trend)



t-test statistic = t-statistic on (( = 0) =  eq \O((,^) / SE( eq \O((,^) )


          Point: We do not use the standard normal distribution or t-distribution.


DF Critical values (Dickey-Fuller tests, T = big)








10%

5%

1%



(1) (constant but no trend)
-1.62

-1.95

-2.58



(2) (constant but no trend)
-2.57

-2.86

-3.43


(3) (constant and trend)

-3.12

-3.41

-3.96


“Reject the null of a unit root if t-test statistic < DF critical values.” 



… One-tailed test


Two issues




(i) which model?  Constant?  Trend?




(ii) Lag determination (k)



Models
· Most time series has a constant and trend.  Thus, use the most general model (3).  

· If there are reasons to believe that there is no trend, then consider model (2).  

· It is rare but if there is a good reason that there is no constant (mean zero, possibly), consider model (1).


Lag determination (k)
· AIC (minmum) or SBC (minimum): not preferred in this case.

· Sequential t-test on the significance of the last augmented term* (preferred)
· Starting with a max lag, say maxlag = 8,

· Test if the coefficient of the last augmentation term is significant.

· If insignificant, then test the significance of lag = 7, and so on.

· If significant, use the lag and compute the unit root test statistic.

Example)  GDP85 in “US.PRN”



Unit root test with constant and trend terms



Sequential test (maxlag = 8):


 
Lag = 8
tstat    = -1.58800  (0.11520999)



       = 7
tstat
= -0.26205  (0.79377470)



       ….



       = 2
tstat
= 1.94838  (0.05370418)

Choose lag = 2 

Dependent Variable DY

Quarterly Data From 1960:04 To 1991:04

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                  0.790171987  0.308002895      2.56547  0.01153511

2.  Y{1}                     -0.054087353  0.021268414    -2.54308  0.0122595

3.  TREND                     0.000347623  0.000152507      2.27940  0.02441021

4.  DY{1}                     0.249609255  0.088091848      2.83351  0.00540267

5.  DY{2}                     0.172725627  0.088650966      1.94838  0.053704
Test statistic = -2.54308 
Since this value is not less than the critical value -3.41, we cannot reject the null of a unit root.  Thus, we conclude that GDP85 is non-stationary.
Applications (Examples):
1. PPP (purchase power paraity) implies that real exchange rates are stationary.  If not, PPP is not supported.

2. Income convergence theory implies that relative income of a region to national average is stationary.  If not, income differential diverges.

3. How about Budget deficits?  If nonstationary, no tendency to revert; uncontrollable!   

4. GDP per capita?  Exchange rates?  Inflation rates?  
5. So many examples..

Extensions:
· Role of Structural change

· More reliable tests with better performance

· Panel tests

· Nonlinear models allowing for asymmetry 
· Cointegration..

Cointegration
“If Xt and Yt ~ I(1), but Yt - ( - (Xt ~ I(0), then Xt and Yt are cointegrated.”

Consider


Yt =  ( Xt + ut    or 

ut  = Yt  - ( Xt
Since Xt and Yt are I(1), we expect that ut is also I(1).   This is usual, and the above regression is spurious.
If ut is I(0), then we say that Xt and Yt are cointegrated.  Then, we also say that there is a long-run relationship between these variables.  

In general,

“If Xt ~ I(d), and Yt ~ I(d), but a linear combination is I(b), b < d, i.e., ut = Zt = Yt -  (Xt ~ I(b), then Xt and Yt are cointegrated.”
Example: Fisher equation

 SHAPE  \* MERGEFORMAT 






 
More Examples:

· Spot and future prices
Ft = a + b St + ut
· Purchasing power parity (PPP): 

      Ratio of relative prices and an exchange rate  et = ((pt – pt*) + ut

· Equity prices and dividends
· A drunk and her dog 
· Many many examples..  
Google search (as of Nov 22, 2007): about 1,020,000 for records for “cointegration”.   [Google scholar search: about 124,000 records]

Implications of Cointegration

· There is a long-run relationship among variables.
· We do not need to take the first difference to capture the long-run relationship.  Regressions in level (not taking the first difference) are just fine, and we have cointegrating regression.

· Zt = Yt -  (Xt is called as an equilibrium error: I(0).  It captures short-run variations that are off the long-run equilibrium.

; The difference is stationary.
· One can use the error correction model (ECM).
Error Correction Model (ECM)

· Consider a VAR model (in level):


Yt =  c1 + (lags of Yt) + (lags of Xt) + u1t


Xt =  c2 + (lags of Yt) + (lags of Xt) + u2t

· If Yt  and Yt are non-stationary, then we take the first difference and use the VAR in difference:



Yt =  c1 + (lags of Yt) + (lags of Xt) + u1t


Xt =  c2 + (lags of Yt) + (lags of Xt) + u2t

· The ECM model is



Yt =  c1 + (lags of Yt) + (lags of Xt) + (1 Zt-1 + u1t


Xt =  c2 + (lags of Yt) + (lags of Xt) + (2 Zt-1 + u2t



where Zt-1 is called the ECM term (disequilibrium error).



In this regression, all variables are I(0).  



First step:  Regression in level




Yt =  (Xt + ut  and obtain residuals:  eq \O(u,^)t = Zt = Yt -  (Xt



( is called the cointegating vector.
Second step:  use the ECM model with Zt-1

Zt-1 = equilibrium error at t-1 = Yt-1 -  (Xt-1


That is,



Yt =  c1 + (lags of Yt) + (lags of Xt) + (1 Zt-1 + u1t


Xt =  c2 + (lags of Yt) + (lags of Xt) + (2 Zt-1 + u2t
Example)  GDP85, M1 and TBILL in “US.PRN
Linear Regression - Estimation by Least Squares

Dependent Variable LGDP85

Durbin-Watson Statistic             0.078340

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                 4.0144876410 0.2636420495     15.22704  0.00000000

2.  LM1                      0.4102310423 0.0102270173     40.11248  0.00000000

3.  TBILL                    0.0108765918 0.0021571392      5.04214  0.00000158

VAR/System - Estimation by Least Squares

Dependent Variable GM1

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  GM1{1}                   -0.138264915  0.054245269     -2.54888  0.01219829

2.  GM1{2}                   -0.072944235  0.055601237     -1.31192  0.19230428

3.  GM1{3}                   -0.167191901  0.054332213     -3.07722  0.00264274

4.  GM1{4}                    0.784148430  0.055396817     14.15512  0.00000000

5.  GW{1}                    -0.013447433  0.137422950     -0.09785  0.92222767

6.  GW{2}                     0.015111195  0.140769122      0.10735  0.91471074

7.  GW{3}                     0.072777661  0.138711305      0.52467  0.60087806

8.  GW{4}                    -0.143552547  0.137092176     -1.04712  0.29735868

9.  DTBILL{1}                -0.006644047  0.001458631     -4.55499  0.00001372

10. DTBILL{2}                -0.000553313  0.001454029     -0.38054  0.70428683

11. DTBILL{3}                -0.006285448  0.001536556     -4.09061  0.00008267

12. DTBILL{4}                 0.001995847  0.001595786      1.25070  0.21372267

13. Constant                  0.009801930  0.002939030      3.33509  0.00116622

14. Z{1}                      0.039665873  0.022022649      1.80114  0.07444574

Dependent Variable GW

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  GM1{1}                   -0.014821788  0.036979997     -0.40081  0.68934785

2.  GM1{2}                   -0.002804279  0.037904385     -0.07398  0.94115954

3.  GM1{3}                   -0.015379546  0.037039268     -0.41522  0.67879505

4.  GM1{4}                   -0.082255887  0.037765028     -2.17810  0.03155358

5.  GW{1}                     0.212038588  0.093683751      2.26334  0.02559503

6.  GW{2}                     0.219596930  0.095964898      2.28830  0.02404844

7.  GW{3}                     0.037174595  0.094562046      0.39312  0.69499584

8.  GW{4}                     0.128240199  0.093458256      1.37217  0.17282920

9.  DTBILL{1}                 0.000607307  0.000994375      0.61074  0.54264170

10. DTBILL{2}                -0.004922490  0.000991238     -4.96600  0.00000255

11. DTBILL{3}                 0.000323580  0.001047498      0.30891  0.75798126

12. DTBILL{4}                -0.003335284  0.001087877     -3.06587  0.00273674

13. Constant                  0.004861368  0.002003591      2.42633  0.01689290

14. Z{1}                     -0.006717717  0.015013245     -0.44745  0.65543615

Dependent Variable DTBILL

Quarterly Data From 1961:02 To 1991:04

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  GM1{1}                     5.06369144   3.62194065      1.39806  0.16493339

2.  GM1{2}                     2.21688267   3.71247823      0.59714  0.55164991

3.  GM1{3}                     3.73739321   3.62774586      1.03022  0.30518517

4.  GM1{4}                    -1.69471789   3.69882915     -0.45818  0.64773753

5.  GW{1}                     20.05898656   9.17568993      2.18610  0.03094687

6.  GW{2}                     10.45388204   9.39911285      1.11222  0.26849058

7.  GW{3}                     -0.92724803   9.26171300     -0.10012  0.92043594

8.  GW{4}                     -1.89483773   9.15360424     -0.20700  0.83639252

9.  DTBILL{1}                  0.23982796   0.09739235      2.46249  0.01536331

10. DTBILL{2}                 -0.41947682   0.09708508     -4.32071  0.00003447

11. DTBILL{3}                  0.33398125   0.10259536      3.25532  0.00150931

12. DTBILL{4}                 -0.04026076   0.10655016     -0.37786  0.70627137

13. Constant                  -0.33441260   0.19623814     -1.70412  0.09120852

14. Z{1}                       2.45127733   1.47044579      1.66703  0.09837932

Testing for Cointegration

Residaul based test or Johansen test*

Residaul based test: Engle and Yoo’s 2-step procedure Test  

1st step:  Regression in level



Yt =  (Xt + ut  and obtain residuals:  eq \O(u,^)t = Zt = Yt -  (Xt
2nd step: unit root tests on the residuals



 eq \O(u,^)t = (  eq \O(u,^)t-1 + (lags of   eq \O(u,^))  + error



Test ( = 0 (unit root  NO cointegration)


Test statistic = t-statistic for ( = 0.


“Reject the null of NO cointegration if test statistic < critical values.” 




… One-tailed test


Use Engle and Yoo’s Critical values



Critical values (Cointegration tests)




1%

5%

10%



2
-4.07

-3.37

-3.03




3
-4.45

-3.93

-3.59


4
-4.75

-4.22

-3.89


5
-5.18

-4.58

-4.26

Example) 2nd step unit root test on residuals
Linear Regression - Estimation by Least Squares

Dependent Variable DZ

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Z{1}                     -0.073852296  0.026486781     -2.78827  0.006245
2.  DZ{1}                     0.101652337  0.092101765      1.10370  0.27213369

3.  DZ{2}                    -0.019305658  0.087379344     -0.22094  0.82554815

4.  DZ{3}                    -0.045438373  0.086817632     -0.52338  0.60176453

5.  DZ{4}                     0.297815224  0.068488420      4.34840  0.00003076

6.  DZ{5}                    -0.092201992  0.071517057     -1.28923  0.20002229

7.  DZ{6}                     0.084513143  0.071616687      1.18008  0.24051563

8.  DZ{7}                    -0.189472097  0.068112076     -2.78177  0.00636319

9.  DZ{8}                     0.144342956  0.070175342      2.05689  0.04206233
We used 8 lags.  The test statistic for cointegration is -2.788.  
It is not less than -3.93 (n = 3), we cannot reject the null of no cointegration in this case.  
Thus, we’d use the VAR in difference

 
Summary

	
	If cointegrated
	If Not cointegrated

	VAR in difference
	Mis-specified (Wrong)
	OK

	VAR in level


	Fine, but ECM is better
	Spurious regression (Wrong)

	ECM


	OK
	ECM term is irrelevant (inefficient)


Examples of Spurious Regression

(“Regression that does not make any sense.”)

Typical symptom: “High R2, t-values, F-value, but low D/W”

1.  Egyptian infant mortality rate (Y), 1971-1990, annual data,



on Gross aggregate income of American farmers (I)



and Total Honduran money supply (M)



 eq \O(Y,^) = 179.9  - .2952 I - .0439 M,
R2 = .918,   D/W = .4752,  F = 95.17



      (16.63)  (-2.32)   (-4.26)

Corr = .8858, -.9113, -.9445

2.  US Export Index (Y), 1960-1990, annual data,



on Australian males’ life expectancy (X)



 eq \O(Y,^) = -2943.  + 45.7974 X,

R2 = .916,   D/W = .3599,  F = 315.2



      (-16.70)  (17.76)


Corr = .9570

3.  US Defense Expenditure (Y), 1971-1990, annual data,



on Population of South African (X)



 eq \O(Y,^) = -368.99  + .0179 X,

R2 = .940,   D/W = .4069,  F = 280.69



      (-11.34)    (16.75)


Corr = .9694

4.  Total Crime Rates in the US (Y), 1971-1991, annual data,



on Life expectancy of South Africa (X)



 eq \O(Y,^) = -24569  + 628.9 X,

R2 = .811,   D/W = .5061, F = 81.72



      (-6.03)      (9.04)


Corr = .9008

5.  Population of South Africa (Y), 1971-1990, annual data,



on Total R&D expenditure in the US (X)



 eq \O(Y,^) = 21698.7  + 111.58 X,

R2 = .974,   D/W = .3037,  F = 696.96



      (59.44)       (26.40)

Corr = .9873

Exercise Questions

Q 1.  True or False?  
1. When X and Y are not cointegrated, VAR models in differences are valid.

2. The ECM term refers to the disequilibrium in the long-run dynamic relationship among variables.
3. A random walk model implies a mean reverting process.

4. A non-stationary process implies that it is a random walk process.

5. When X and Y are not cointegrated, the ECM term in the ECM model becomes insignificant.  
6. When variables are NOT cointegrated, VAR models in difference would be mis-specified.
7. The second step regression in the ECM model in a cointegrated system includes only stationary terms, and there are no non-stationary terms.

8. A white noise process is always stationary.   The same is true for the data following MA models.

9. Unit root tests examine whether a time series is a white noise or not

Q.2.  Essay Questions
(a) Write down the equations for the ECM(1) model with two endogenous variables (SP500 and GDP).

(b)  One wishes to employ VAR models.  When do we have the problem of spurious regression?  

(c) When do we have the problem of a non-sense regression?  

(d)  Provide a formal or mathematical definition of “COINTEGRATION’.

Q. 3. Consider the following output. 

Linear Regression - Estimation by Least Squares

Dependent Variable DY

Quarterly Data From 1961:01 To 1991:04

Usable Observations    124     Degrees of Freedom   118

Centered R**2     0.688575      R Bar **2   0.675379

Uncentered R**2   0.932471      T x R**2     115.626

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                  0.027112464  0.015221155      1.78124  0.07744671

2.  Y{1}                     -0.008079098  0.004898963     -1.74914  0.10177783

3.  DY{1}                     0.336614353  0.087047120      3.86704  0.00018082

4.  DY{2}                     0.268760031  0.088120530      3.04991  0.00282696

5.  DY{3}                     0.268858947  0.08641569      3.11123  0.0023368

In the above, the data yt is the quarterly GDP Deflator from 1961 to 1991.  DY implies the first difference of this series and Y{1} is the lagged variable of yt.  Determine whether yt is stationary or non-stationary.  Be sure to show your testing hypothesis and all details.  Note: the critical value of the Dickey-Fuller test is -2.86.

Q 4.  Consider the following estimation result.

VAR/System - Estimation by Least Squares

Dependent Variable GM1

Quarterly Data From 1960:04 To 1991:04

Usable Observations    125     Degrees of Freedom   117

Centered R**2     0.363256      R Bar **2   0.325160

Uncentered R**2   0.493885      T x R**2      61.736

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  GM1{1}                   -0.571711826  0.091496177     -6.24848  0.00000001

2.  GM1{2}                    0.018651365  0.092644359      0.20132  0.84079624

3.  GW{1}                     0.054645296  0.261692918      0.20881  0.83495610

4.  GW{2}                     0.146073689  0.266785513      0.54753  0.58505605

5.  DTBILL{1}                -0.004858431  0.002725572     -1.78254  0.07725541

6.  DTBILL{2}                -0.005278627  0.002728379     -1.93471  0.05543972

7.  Constant                  0.021617144  0.003923910      5.50908  0.00000022

8.  Z{1}                      0.075832586  0.041299519      1.83616  0.06887267

F-Tests, Dependent Variable GM1

Variable            F-Statistic       Signif

GM1                      29.1183     0.0000000

GW                        0.2159     0.8061375

DTBILL                    3.9657     0.0215574

Dependent Variable GW

Quarterly Data From 1960:04 To 1991:04

Usable Observations    125     Degrees of Freedom   117

Centered R**2     0.244395      R Bar **2   0.199188

Uncentered R**2   0.526858      T x R**2      65.857

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  GM1{1}                    0.037973749  0.031428918      1.20824  0.22939049

2.  GM1{2}                    0.028140492  0.031823318      0.88427  0.37836255

3.  GW{1}                     0.258465212  0.089891464      2.87530  0.00479686

4.  GW{2}                     0.294276506  0.091640769      3.21120  0.00170704

5.  DTBILL{1}                -0.000257932  0.000936234     -0.27550  0.78341861

6.  DTBILL{2}                -0.003566049  0.000937198     -3.80501  0.00022711

7.  Constant                  0.002353184  0.001347862      1.74586  0.08345950

8.  Z{1}                     -0.009337840  0.014186376     -0.65823  0.51168611

F-Tests, Dependent Variable GW

Variable            F-Statistic       Signif

GM1                       0.7638     0.4682028

GW                       12.5288     0.0000117

DTBILL                    7.5340     0.0008360

Dependent Variable DTBILL

Quarterly Data From 1960:04 To 1991:04

Usable Observations    125     Degrees of Freedom   117

Centered R**2     0.213190      R Bar **2   0.166116

Uncentered R**2   0.213497      T x R**2      26.687

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  GM1{1}                     4.37732108   3.04595926      1.43709  0.15336100

2.  GM1{2}                    -0.59556213   3.08418289     -0.19310  0.84721384

3.  GW{1}                     14.09603678   8.71190468      1.61802  0.10835109

4.  GW{2}                     13.81267542   8.88144002      1.55523  0.12259238

5.  DTBILL{1}                  0.14916002   0.09073584      1.64389  0.10288283

6.  DTBILL{2}                 -0.35011805   0.09082927     -3.85468  0.00018985

7.  Constant                  -0.24275371   0.13062916     -1.85834  0.06563384

8.  Z{1}                       2.66617727   1.37488425      1.93920  0.05488452

F-Tests, Dependent Variable DTBILL

Variable            F-Statistic       Signif

GM1                       1.7332     0.1812309

GW                        3.4002     0.0366972

DTBILL                    8.1031     0.0005060

In the following regression, DZ refers to the Residuals of the regression of logged GDP on the logged Money Supply (M1) and Treasury Bill Rates.

Linear Regression - Estimation by Least Squares

Dependent Variable DZ

Quarterly Data From 1962:02 To 1991:04

Usable Observations    119     Degrees of Freedom   110

Centered R**2     0.567735      R Bar **2   0.536298

Uncentered R**2   0.567944      T x R**2      67.585

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Z{1}                     -0.056521267  0.022579832     -2.50317  0.01377763

2.  DZ{1}                     0.141325861  0.090740443      1.55747  0.12223056

3.  DZ{2}                     0.003582466  0.082752228      0.04329  0.96554768

4.  DZ{3}                    -0.046578336  0.082238128     -0.56638  0.57228673

5.  DZ{4}                     0.482779979  0.078532447      6.14752  0.00000001

6.  DZ{5}                    -0.190222768  0.088467109     -2.15021  0.03372864

7.  DZ{6}                     0.013344380  0.064800744      0.20593  0.83722668

8.  DZ{7}                    -0.098084930  0.064665763     -1.51680  0.13218622

9.  DZ{8}                     0.182623269  0.063400352      2.88048  0.00477414

(a) What kind of models were estimated in the above?  VAR models?  Why or why not?

(b)  In the above output, Z{1} refers to the lagged residuals (Zt-1) obtained from a certain regression.  Explain how one can obtain Zt; write down the equation and discuss about the implication of the regression.

(c)  Explain WHY the term Zt-1 is included in the above estimation.  What is the role of this term in improving the forecasting accuracy?

(d)  Determine causality between GM1 and DTBILL.  Which causes which?  Be sure to show all details of your testing hypotheses and appropriate definitions of causality. 

Q 5.  True or False

(a) A spurious regression occues in VAR models in level when variables are not cointegrated.

(b) Cointegration implies that VAR models in difference are valid.

(c) ECM models include both the short-run and long-run dynamics.  

(d) When variables are non-stationary and are not cointegrated, VAR models in difference are valid.

(e) When variables are non-stationary and are cointegrated, VAR models in level are valid.

(f) When variables are non-stationary and are cointegrated, ECM models are valid.

(g) One can have a meaningful regression in level among nonstationary variables when they are cointegrated.  

(h) A non-sense regression occurs when the dependent variable is I(0) bu independent variables are I(1).  

*

* Unit root test Example  (Unit_root_ex1.prg)
*

* sample size is 200

*

calendar 1791

allocate 200

*

* Read data file

*

open data unit_root_ex1.xls

data(org=columns,format=xls) / year s uswpi ukwpi

*       column 1: year

*       column 2: $/pound exchange rate

*       column 3: US CPI

*       column 4: UK CPI

*

* Generate real exchange rate

*

set z 1791:1 1990:1 = log(s)-log(uswpi) + log(ukwpi)

set dz 1791:1 1990:1 = z-z{1}

*

* Do graph from page 605. Normalize the data to

* have a 0 value in 1914.

*

set znorm = z-z(1914:1)

graph(header='Figure 9.4: Dollar/Sterling Real Exchange Rate, 1791-1900')

# znorm

*

* (a) ADF on real exchange rate.  Up to 14 lagged changes.

* This runs the regressions and displays the Akaike and Schwarz

* criteria and (for lags > 0) the t-stat on the final lag. Scan

* the first column for the minimum AIC, the second for the

* minimum BIC and the third from end to start, looking for the

* first significant t-stat.

*

* Both for computational efficiency, and to ensure that the

* regressions are run over the same range, CMOM and LINREG(CMOM)

* are used for computing the regressions.

*

compute pmax=12

cmom

# dz{0 to pmax} constant z{1}

*

report(action=define,hlabels=||'Lag','Akaike','Schwarz','Final t'||)

linreg(noprint,cmom) dz

# constant z{1}

compute akaike  = log(%rss/%nobs)+%nreg*2.0/%nobs

compute schwarz = log(%rss/%nobs)+%nreg*log(%nobs)/%nobs

report(row=new,atcol=1) 0 akaike schwarz

*

* run ADF with 1 through 12 lagged changes.

*

do maxlag=1,pmax

  linreg(noprint,cmom) dz

  # constant z{1} dz{1 to maxlag}

  compute akaike  = log(%rss/%nobs)+%nreg*2.0/%nobs

  compute schwarz = log(%rss/%nobs)+%nreg*log(%nobs)/%nobs

  report(row=new,atcol=1) maxlag akaike schwarz %tstats(maxlag+2)

end do

report(action=format,atcol=2,tocol=3,width=8)

report(action=format,atcol=4,width=8)

report(action=show)

*

* Using the sequential t-test on the last lag, we choose k = 8

* Alternatively, one may use Akaike IC or Schwarz IC.

* DF test is based on the following regression

linreg dz

# constant z{1} dz{1 to 8}

disp 't-mu=' (%beta(2))/%stderrs(2)

* Or simply,

@dfunit(ttest,lags=8) z /

------------ output ----------------------

Lag  Akaike  Schwarz  Final t

  0 -5.35207 -5.31751

  1 -5.35747 -5.30564  1.72813

  2 -5.34710 -5.27798 -0.24216

  3 -5.33815 -5.25175 -0.56355

  4 -5.32746 -5.22379  0.03355

  5 -5.36100 -5.24005 -2.85323

  6 -5.36613 -5.22790 -1.69011

  7 -5.35786 -5.20235 -0.65645

  8 -5.37485 -5.20207  2.22933

  9 -5.37213 -5.18207 -1.18694

 10 -5.36586 -5.15851 -0.88072

 11 -5.36676 -5.14214 -1.42468

 12 -5.36329 -5.12138 -1.11970

Linear Regression - Estimation by Least Squares

Dependent Variable DZ

Annual Data From 1800:01 To 1990:01

Usable Observations    191     Degrees of Freedom   181

Centered R**2     0.126886      R Bar **2   0.083472

Uncentered R**2   0.126925      T x R**2      24.243

Mean of Dependent Variable      0.0004814093

Std Error of Dependent Variable 0.0724377499

Standard Error of Estimate      0.0693486223

Sum of Squared Residuals        0.8704708861

Regression F(9,181)                   2.9227

Significance Level of F           0.00294145

Durbin-Watson Statistic             1.912262

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                  0.129179906  0.061114081      2.11375  0.03590659

2.  Z{1}                     -0.081376406  0.038346844     -2.12211  0.03518830

3.  DZ{1}                     0.038635800  0.078897965      0.48969  0.62494396

4.  DZ{2}                    -0.044492743  0.078432571     -0.56727  0.57123105

5.  DZ{3}                    -0.042157869  0.077660241     -0.54285  0.58790085

6.  DZ{4}                    -0.058668605  0.074351742     -0.78907  0.43110443

7.  DZ{5}                    -0.198704373  0.075233354     -2.64117  0.00898448

8.  DZ{6}                    -0.098012603  0.076382737     -1.28318  0.20107048

9.  DZ{7}                    -0.054199137  0.075968019     -0.71345  0.47648823

10. DZ{8}                     0.116751839  0.075338035      1.54971  0.12295871

t-mu=      -2.12211

Dickey-Fuller Unit Root Test, Series Z

Regression Run From 1800:01 to 1990:01

Observations 192

With intercept with 8 lags

T-test statistic      -2.12211

Critical values: 1%= -3.466 5%= -2.877 10%= -2.575

*

* Cointegration example 1  (coint_ex1.prg)
*

*

calendar 1900

allocate 1989:1

*

* Read data file

*

open data coint_ex1.xls

data(org=columns,format=xls) / m p y r

*       column 1: log M1

*       column 2: log price

*       column 3: log income

*       column 4: interest rate

*

* Generate real money supply, velocity and trend

*

set rm = m-p

set rv = y-rm

*

set trend = t

*

graph(header='Figure 10.2 US Real NNP and Real M1, in Logs',$

 key=below,klabels=||'Real M1','Net National Product'||) 2

# rm

# y

graph(header='Figure 10.3 Log M1 Velocity and Short-Term Commercial Paper Rate',$

 overlay=line,vlabel='M1 Velocity',ovlabel='Commercial Paper Rate',key=below,$

 klabels=||'M1 Velocity','Com Paper Rate'||) 2

# rv

# r

*

* (a) ADF on real money, r, and log NNP, 1900-1989.

*

* Real money supply.

*

@dfunit(ttest,trend,lags=2) rm

@dfunit(ttest,trend,lags=4) rm

*

* Interest rate

*

@dfunit(ttest,lags=2) r

@dfunit(ttest,lags=4) r

*

* Real NNP

*

@dfunit(ttest,trend,lags=2) y

@dfunit(ttest,trend,lags=4) y

*

* (b) Residual-based test for cointegration: "real money" on y and r.

linreg rm / resid

# constant y r

set dresid = resid - resid{1}

linreg dresid /

# resid{1} dresid{1 to 3}

* Alternatively,

* @EGTestResids has the same mechanics as a Dickey-Fuller test (applied

* to the residuals from this last regression), but uses a different lookup

* table for the critical values

linreg rm / resid

# constant y r

@egtestresids(nvar=3,lags=3) resid

* (c) Error Correction Model (ECM)

linreg rm / resid

# constant y r

set drm = rm - rm{1}

set dr = r - r{1}

set dy = y - y{1}

set z = resid

linreg drm

# constant z{1} drm{1 to 2} dr{1 to 2} dy{1 to 2}

---------------output----------------

Dickey-Fuller Unit Root Test, Series RM

Regression Run From 1903:01 to 1989:01

Observations 88

With intercept and trend with 2 lags

T-test statistic      -0.99457

Critical values: 1%= -4.065 5%= -3.461 10%= -3.156

Dickey-Fuller Unit Root Test, Series RM

Regression Run From 1905:01 to 1989:01

Observations 86

With intercept and trend with 4 lags

T-test statistic      -1.57265

Critical values: 1%= -4.067 5%= -3.462 10%= -3.157

Dickey-Fuller Unit Root Test, Series R

Regression Run From 1903:01 to 1989:01

Observations 88

With intercept with 2 lags

T-test statistic      -1.28894

Critical values: 1%= -3.505 5%= -2.894 10%= -2.584

Dickey-Fuller Unit Root Test, Series R

Regression Run From 1905:01 to 1989:01

Observations 86

With intercept with 4 lags

T-test statistic      -1.05064

Critical values: 1%= -3.507 5%= -2.895 10%= -2.584

Dickey-Fuller Unit Root Test, Series Y

Regression Run From 1903:01 to 1989:01

Observations 88

With intercept and trend with 2 lags

T-test statistic      -3.45266

Critical values: 1%= -4.065 5%= -3.461 10%= -3.156

Dickey-Fuller Unit Root Test, Series Y

Regression Run From 1905:01 to 1989:01

Observations 86

With intercept and trend with 4 lags

T-test statistic      -2.83997

Critical values: 1%= -4.067 5%= -3.462 10%= -3.157

Linear Regression - Estimation by Least Squares

Dependent Variable RM

Annual Data From 1900:01 To 1989:01

Usable Observations     90     Degrees of Freedom    87

Centered R**2     0.964151      R Bar **2   0.963327

Uncentered R**2   0.988084      T x R**2      88.928

Mean of Dependent Variable      0.9767125061

Std Error of Dependent Variable 0.6930531071

Standard Error of Estimate      0.1327206397

Sum of Squared Residuals        1.5324848325

Regression F(2,87)                 1169.9339

Significance Level of F           0.00000000

Durbin-Watson Statistic             0.556614

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                 -0.773708894  0.042688640    -18.12447  0.00000000

2.  Y                         0.941837611  0.019617822     48.00929  0.00000000

3.  R                        -0.083222903  0.005382865    -15.46071  0.00000000

Linear Regression - Estimation by Least Squares

Dependent Variable DRESID

Annual Data From 1904:01 To 1989:01

Usable Observations     86     Degrees of Freedom    82

Centered R**2     0.257446      R Bar **2   0.230280

Uncentered R**2   0.257742      T x R**2      22.166

Mean of Dependent Variable      -0.001972528

Std Error of Dependent Variable  0.099385904

Standard Error of Estimate       0.087194924

Sum of Squared Residuals        0.6234422980

Durbin-Watson Statistic             1.987255

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  RESID{1}                 -0.306005969  0.092215079     -3.31839  0.00135183

2.  DRESID{1}                 0.321022255  0.118078494      2.71872  0.00799609

3.  DRESID{2}                -0.225566870  0.106935806     -2.10937  0.03796282

4.  DRESID{3}                 0.109309439  0.111288394      0.98222  0.32888176

Linear Regression - Estimation by Least Squares

Dependent Variable RM

Annual Data From 1900:01 To 1989:01

Usable Observations     90     Degrees of Freedom    87

Centered R**2     0.964151      R Bar **2   0.963327

Uncentered R**2   0.988084      T x R**2      88.928

Mean of Dependent Variable      0.9767125061

Std Error of Dependent Variable 0.6930531071

Standard Error of Estimate      0.1327206397

Sum of Squared Residuals        1.5324848325

Regression F(2,87)                 1169.9339

Significance Level of F           0.00000000

Durbin-Watson Statistic             0.556614

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                 -0.773708894  0.042688640    -18.12447  0.00000000

2.  Y                         0.941837611  0.019617822     48.00929  0.00000000

3.  R                        -0.083222903  0.005382865    -15.46071  0.00000000

Linear Regression - Estimation by Least Squares

Dependent Variable DU

Annual Data From 1904:01 To 1989:01

Usable Observations     86     Degrees of Freedom    82

Centered R**2     0.257446      R Bar **2   0.230280

Uncentered R**2   0.257742      T x R**2      22.166

Mean of Dependent Variable      -0.001972528

Std Error of Dependent Variable  0.099385904

Standard Error of Estimate       0.087194924

Sum of Squared Residuals        0.6234422980

Durbin-Watson Statistic             1.987255

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  RESID{1}                 -0.306005969  0.092215079     -3.31839  0.00135183

2.  DU{1}                     0.321022255  0.118078494      2.71872  0.00799609

3.  DU{2}                    -0.225566870  0.106935806     -2.10937  0.03796282

4.  DU{3}                     0.109309439  0.111288394      0.98222  0.32888176

Engle-Granger Cointegration Test

Test Statistic      -3.31839

Critical Values    1%        5%        10%

                   -4.46     -3.84     -3.52

Linear Regression - Estimation by Least Squares

Dependent Variable DRM

Annual Data From 1903:01 To 1989:01

Usable Observations     87     Degrees of Freedom    79

Centered R**2     0.135002      R Bar **2   0.058356

Uncentered R**2   0.268864      T x R**2      23.391

Mean of Dependent Variable      0.0228730441

Std Error of Dependent Variable 0.0537656337

Standard Error of Estimate      0.0521732750

Sum of Squared Residuals        0.2150419994

Regression F(7,79)                    1.7614

Significance Level of F           0.10691215

Durbin-Watson Statistic             1.943583

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                  0.018554969  0.006947245      2.67084  0.00918392

2.  Z{1}                     -0.055812374  0.052328028     -1.06659  0.28940729

3.  DRM{1}                    0.242391060  0.121420732      1.99629  0.04934761

4.  DRM{2}                   -0.017902461  0.120209044     -0.14893  0.88199017

5.  DR{1}                    -0.006430307  0.005487047     -1.17191  0.24475664

6.  DR{2}                     0.001759163  0.005749506      0.30597  0.76043413

7.  DY{1}                     0.037909169  0.107441340      0.35284  0.72515110

8.  DY{2}                    -0.058278115  0.106598845     -0.54670  0.58612237
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