* Are GNP and Money Cointegrated?
*

*  Example of Cointegration

*     Recall The Parable of a Drunk and Her Dog

*
* In this example the regressions needed to verify the cointegration

* of two time series are presented.  I used RATS to do this.  

* 

* The data begin with 1959:1 and go through 1985:4

*

CAL 59 1 4

ALLOCATE 0 85:4

OPEN DATA CITISMPL.RAT

DATA(FORMAT=RATS) / GNP82 FM1A

*

* Create some new variables

*

set(scratch) gnp82 = LOG(GNP82/GNP82{60:1})

set(scratch) fm1a = LOG(FM1A/fm1a{60:1})

set trend = t

set dgnp = gnp82 - gnp82{1}

set dm1 = fm1a - fm1a{1}

set gnpmon = gnp82 - fm1a

set mongnp = fm1a - gnp82

*

* In this program we will consider cointegration and error 

* correction.  Specifically, we will follow the essay from 

* "The American Statistician".

*

* In some circles it is said that we already know that GNP and

* money have unit roots.  We also are purported to 

* know that they are cointegrated.  Nevertheless, we'll start 

* from the beginning.

*

* Run the regressions for a Dickey-Fuller Unit Root Test
*

linreg dgnp

# constant gnp82{1} trend

Dependent Variable DGNP - Estimation by Least Squares

Quarterly Data From 60:03 To 85:04

Usable Observations    102      Degrees of Freedom    99

Centered R**2     0.065515      R Bar **2   0.046637

Uncentered R**2   0.065524      T x R**2       6.683

Mean of Dependent Variable      -0.000045841

Std Error of Dependent Variable  0.015153424

Standard Error of Estimate       0.014795851

Sum of Squared Residuals        0.0216728022

Regression F(2,99)                    3.4704

Significance Level of F           0.03493993

Durbin-Watson Statistic             1.413737

Q(25)                              60.617793

Significance Level of Q           0.00008590

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                  0.006879072  0.004100405     1.677657  0.09656863

2.  GNP82{1}                 -0.130194305  0.049439577    -2.633402  0.00980973

3.  TREND                    -0.000034575  0.000051108    -0.676512  0.50029314

*

* The 95% critical value for the D-F test with T=100 is -3.45.  Do not reject the null that the coefficient on GNP82(t-1) is zero.  Conclude that there is a unit root in GNP82.

*

linreg dm1 

# constant fm1a{1} trend

Dependent Variable DM1 - Estimation by Least Squares

Quarterly Data From 60:03 To 85:04

Usable Observations    102      Degrees of Freedom    99

Centered R**2     0.089371      R Bar **2   0.070974

Uncentered R**2   0.102991      T x R**2      10.505

Mean of Dependent Variable      0.0011870617

Std Error of Dependent Variable 0.0096808428

Standard Error of Estimate      0.0093309763

Sum of Squared Residuals        0.0086196448

Regression F(2,99)                    4.8580

Significance Level of F           0.00971432

Durbin-Watson Statistic             1.257598

Q(25)                              75.001220

Significance Level of Q           0.00000068

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                  0.005885127  0.002457547     2.394716  0.01851483

2.  FM1A{1}                  -0.168813961  0.054280238    -3.110045  0.00244349

3.  TREND                     0.000119336  0.000051217     2.330008  0.02183605

*

* Good news again. The observed statistic is not in the rejection region.  We do not reject the null.

*

* Run the regressions for the Augmented Dickey-Fuller
*

linreg dgnp

# constant gnp82{1} trend dgnp{1 to 2}

Dependent Variable DGNP - Estimation by Least Squares

Quarterly Data From 61:01 To 85:04

Usable Observations    100      Degrees of Freedom    95

Centered R**2     0.268218      R Bar **2   0.237406

Uncentered R**2   0.268313      T x R**2      26.831

Mean of Dependent Variable      0.0001725033

Std Error of Dependent Variable 0.0151932292

Standard Error of Estimate      0.0132677377

Sum of Squared Residuals        0.0167231222

Regression F(4,95)                    8.7050

Significance Level of F           0.00000497

Durbin-Watson Statistic             2.076990

Q(25)                              59.174424

Significance Level of Q           0.00013573

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                  0.013469973  0.003968089     3.394575  0.00100433

2.  GNP82{1}                 -0.235260609  0.048929168    -4.808187  0.00000570

3.  TREND                    -0.000074554  0.000047663    -1.564196  0.12109673

4.  DGNP{1}                   0.272181387  0.091815522     2.964438  0.00383341

5.  DGNP{2}                   0.335051124  0.095537564     3.507009  0.00069389

* The augmented Dickey Fuller changes things.  Now the observed statistic (-4.8) falls below the critical value. Therefore we would reject the null and conclude that there is no unit root in GNP82.

*

linreg dm1

# constant fm1a{1} trend dm1{1 to 2}

Dependent Variable DM1 - Estimation by Least Squares

Quarterly Data From 61:01 To 85:04

Usable Observations    100      Degrees of Freedom    95

Centered R**2     0.316635      R Bar **2   0.287862

Uncentered R**2   0.328350      T x R**2      32.835

Mean of Dependent Variable      0.0012791248

Std Error of Dependent Variable 0.0097341683

Standard Error of Estimate      0.0082144986

Sum of Squared Residuals        0.0064104087

Regression F(4,95)                   11.0045

Significance Level of F           0.00000022

Durbin-Watson Statistic             2.081489

Q(25)                              65.632001

Significance Level of Q           0.00001678

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                  0.009160367  0.002359014     3.883134  0.00019048

2.  FM1A{1}                  -0.299781937  0.055340022    -5.417091  0.00000046

3.  TREND                     0.000212740  0.000049685     4.281795  0.00004431

4.  DM1{1}                    0.401928715  0.090721171     4.430374  0.00002519

5.  DM1{2}                    0.202813643  0.099379957     2.040790  0.04404607

*

* Matters are still worse for M1.  We now believe that there is no unit root in money.

*

* Run the long run regression and save the residuals
*

linreg gnp82 / lrres

# constant fm1a 

Dependent Variable GNP82 - Estimation by Least Squares

Quarterly Data From 60:02 To 85:04

Usable Observations    103      Degrees of Freedom   101

Centered R**2     0.013441      R Bar **2   0.003673

Uncentered R**2   0.614959      T x R**2      63.341

Mean of Dependent Variable      0.0378639343

Std Error of Dependent Variable 0.0304420059

Standard Error of Estimate      0.0303860534

Sum of Squared Residuals        0.0932545364

Regression F(1,101)                   1.3760

Significance Level of F           0.24354461

Durbin-Watson Statistic             0.237045

Q(25)                             191.956851

Significance Level of Q           0.00000000

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                 0.0292613950 0.0079212611     3.694032  0.00035850

2.  FM1A                     0.1246467128 0.1062608698     1.173026  0.24354461

*

* Difference the residuals

*

set dlrres = lrres - lrres{1}

*

* Do a unit root test on the residuals from the long run relationship
*

linreg dlrres

# constant lrres{1}

Dependent Variable DLRRES - Estimation by Least Squares

Quarterly Data From 60:03 To 85:04

Usable Observations    102      Degrees of Freedom   100

Centered R**2     0.058797      R Bar **2   0.049385

Uncentered R**2   0.058960      T x R**2       6.014

Mean of Dependent Variable      -0.000193805

Std Error of Dependent Variable  0.014792846

Standard Error of Estimate       0.014422951

Sum of Squared Residuals        0.0208021506

Regression F(1,100)                   6.2470

Significance Level of F           0.01406833

Durbin-Watson Statistic             1.462454

Q(25)                              56.547937

Significance Level of Q           0.00030719

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                 -0.000179355  0.001428097    -0.125591  0.90030816

2.  LRRES{1}                 -0.118146360  0.047269972    -2.499396  0.01406833

*

* The 95% and 99% critical values are -2.89 and -3.51, respectively when the true data generating process (dgp) is a random walk with no drift and not trend.  If the true dgp has a drift then the test statistic is asymptotically normal, in which case the critical value is -1.96.  We will

* reject the null that the coefficient on LRRES(t-1) is no different from zero.

* Therefore, there is no unit root in the long run residual.

*

* Run the regressions for the error correction model
*

linreg dgnp

# constant lrres{1} dgnp{1 to 3} dm1{1 to 3}

Dependent Variable DGNP - Estimation by Least Squares

Quarterly Data From 61:02 To 85:04

Usable Observations     99      Degrees of Freedom    91

Centered R**2     0.358473      R Bar **2   0.309125

Uncentered R**2   0.358541      T x R**2      35.496

Mean of Dependent Variable      0.0001555521

Std Error of Dependent Variable 0.0152695985

Standard Error of Estimate      0.0126919195

Sum of Squared Residuals        0.0146587186

Regression F(7,91)                    7.2642

Significance Level of F           0.00000066

Durbin-Watson Statistic             2.023651

Q(24)                              45.183887

Significance Level of Q           0.00554024

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                 -0.000484892  0.001293475    -0.374875  0.70862546

2.  LRRES{1}                 -0.190437314  0.049948357    -3.812684  0.00024988

3.  DGNP{1}                   0.115432011  0.102334587     1.127986  0.26229092

4.  DGNP{2}                   0.234457491  0.098325998     2.384491  0.01917842

5.  DGNP{3}                   0.100318331  0.098587984     1.017551  0.31158897

6.  DM1{1}                    0.320120373  0.147577594     2.169166  0.03267662

7.  DM1{2}                    0.424286971  0.156330756     2.714034  0.00795102

8.  DM1{3}                   -0.134794985  0.163183386    -0.826034  0.41094539

*

linreg dm1

# constant lrres{1} dgnp{1 to 3} dm1{1 to 3}

Dependent Variable DM1 - Estimation by Least Squares

Quarterly Data From 61:02 To 85:04

Usable Observations     99      Degrees of Freedom    91

Centered R**2     0.229126      R Bar **2   0.169828

Uncentered R**2   0.239922      T x R**2      23.752

Mean of Dependent Variable      0.0011498260

Std Error of Dependent Variable 0.0096970115

Standard Error of Estimate      0.0088353146

Sum of Squared Residuals        0.0071037133

Regression F(7,91)                    3.8640

Significance Level of F           0.00100394

Durbin-Watson Statistic             1.929923

Q(24)                              44.732152

Significance Level of Q           0.00626461

   Variable                     Coeff       Std Error      T-Stat     Signif

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

1.  Constant                  0.000715857  0.000900436     0.795011  0.42867566

2.  LRRES{1}                 -0.034390371  0.034770899    -0.989056  0.32525825

3.  DGNP{1}                   0.000898172  0.071238891     0.012608  0.98996822

4.  DGNP{2}                  -0.005513214  0.068448364    -0.080546  0.93598021

5.  DGNP{3}                  -0.190351648  0.068630742    -2.773562  0.00672665

6.  DM1{1}                    0.309227802  0.102734222     3.009979  0.00338036

7.  DM1{2}                   -0.003808886  0.108827621    -0.034999  0.97215699

8.  DM1{3}                    0.170375870  0.113597991     1.499814  0.13712405

*

end

