Problem 1

The present application concerns the relation between per capita consumption (LogConsumption), per capita income (LogIncome) and per capita wealth (LogWealth). As the names of the variables indicate, the original variables have been transformed by taking logarithm. On the basis of quarterly time series data for these variables, running from 1967- 2 until 2004- 4, we wish to find out if there is long run relationship between these variables. You will find attached description of the data, tests and regression outputs that will help you to answer the questions. 

Question 1.1

In analysing time series data in econometrics one often transforms the original data by taking logarithm. Can you give some reasons why this is a useful approach.

The unit root tests use the Augmented Dickey-Fuller test procedure. This test is based on the fact that an 
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can, equivalently be written as:
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Question 1.2

Give an explanation of the Augmented Dickey-Fuller test.

The attached regression and test results are edited outputs obtained by the PcGive program.

In the output of the ADF tests given at the end of the problem set, the first column D-lag refers to the number of  lags 
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that are included in the regression, the column t-adf shows the values of the test statistic 
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 denotes the standard deviation of 
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 Y_1 shows the estimates of the parameter 
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, the column t-DY_lag reports the values of the statistic 
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, and finally, the column t-prob shows the corresponding probability value. 

For each variable we report three tables referring to the different specifications of the regression equation and the different null hypothesis. 

The first table refers to the regression equation (2) when the null hypothesis satisfies this equation but with
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. The second table refers to the case when the regression equation (2) includes an intercept 
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 but the null hypothesis is still 
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. Finally, the third table refers to the case when the regression equation (2) includes a constant 
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 and a trend term 
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, while the null hypothesis now includes a constant while 
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In each table the test program runs five different regressions depending on the number of lags 
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 that are included in the regression. The first regression reported in the bottom line of the table excludes all lags 
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, the second regression includes 
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, the third regression includes 
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 and so forth. Since we use quarterly data we have specified 4 as the maximum number of the included  lags  
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. The t-value reported in column t-DY lag always relates to the last included lag 
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Question 1.3

Explain why the parameter 
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 relating to the last included lag 
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 in the regression is particularly interesting. 

Question 1.4

Discuss if you think the null hypothesis of a unit root should be accepted or rejected for the three reported variables. 

Question 1.5

Explain what we mean by a co-integrating relation. 

Will you conclude that the there exists a co-integrating relation between LogConsumption, LogIncome and LogWealth?  Substantiate your answer.

Assuming that a co-integrating relation between these variables exists, it can be written on the form:
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Question 1.6

Test the null hypothesis  
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Explain your approach.

Problem 2

Consider the autoregressive process defined by the equations:

(4)   
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with initial values 
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 and where 
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 are independent white noise random variables.

Question 2.1

Show that the solution for 
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 is given by:
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Question 2.2

Verify that these solutions for 
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 satisfy equations (4) and (5).

Question 2.3

Is 
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 a co-integrating relation? Discuss.

Test and regression output:

LogConsumption: ADF tests (T=146; 5%=-1.94 1%=-2.58)

D-lag    t-adf          
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 Y_1           t-DY_lag      t-prob       

  4         4.169        1.0028             6.110            0.0000    

  3         8.402        1.0052            -22.04           0.0000    

  2         2.219        1.0029            -2.819           0.0055    

  1         1.788        1.0023            -8.405           0.0000    

  0        0.8441       1.0013                               

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogConsumption: ADF tests (T=146, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf            
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 Y_1           t-DY_lag       t-prob       

  4        -0.3557       0.99639           6.061              0.0000    

  3        -0.3594       0.99592          -21.95              0.0000    

  2        -0.7968       0.98108          -2.733              0.0071    

  1        -1.023         0.97527          -8.130              0.0000    

  0        -1.969         0.94338                               

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogConsumption: ADF tests (T=146, Constant+Trend; 5%=-3.44 1%=-4.02)

D-lag    t-adf            
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 Y_1            t-DY_lag       t-prob       

  4     -1.955            0.89344             6.259           0.0000    

  3     -1.287            0.92112          -20.11             0.0000    

  2     -4.650**        0.47754            -0.7655         0.4452    

  1     -5.492**        0.44128            -3.717           0.0003    

  0     -9.619**        0.20420                            

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogIncome: ADF tests (T=146; 5%=-1.94 1%=-2.58)

D-lag    t-adf          
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 Y_1            t-DY_lag         t-prob       

  4         6.089        1.0047                2.167               0.0319    

  3         9.205        1.0058             -15.12                0.0000    

  2         3.437        1.0034               -6.022              0.0000    

  1         2.178        1.0023               -4.520              0.0000    

  0         1.530        1.0017                             

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogIncome: ADF tests (T=146, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf          
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 Y_1           t-DY_lag        t-prob      

  4        0.1560        1.0015             2.165             0.0321    

  3        0.2916        1.0029            -15.02            0.0000    

  2       -0.5201       0.99184           -5.959            0.0000    

  1       -0.8343       0.98545           -4.398            0.0000    

  0       -1.241         0.97716                             

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogIncome: ADF tests (T=146, Constant+Trend; 5%=-3.44 1%=-4.02)

D-lag    t-adf            
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 Y_1           t-DY_lag        t-prob      

  4        -1.015         0.94469             2.277             0.0243    

  3        -0.7170       0.96068          -14.25              0.0000    

  2        -3.098         0.74524          -4.554              0.0000    

  1        -4.876**     0.60381          -1.877              0.0625    

  0        -6.558**     0.52986                            

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogWealth: ADF tests (T=146; 5%=-1.94 1%=-2.58)

D-lag    t-adf        
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 Y_1            t-DY_lag          t-prob       

  4      1.460        1.0006               10.51               0.0000    

  3      3.266        1.0018               -0.4676           0.6408    

  2      3.265        1.0017               -1.005             0.3165    

  1      3.109        1.0016                0.1864            0.8524    

  0      3.283        1.0016                             -

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogWealth: ADF tests (T=146, Constant; 5%=-2.88 1%=-3.48)

D-lag    t-adf        
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 Y_1              t-DY_lag             t-prob       

  4    -0.5330       0.99689             10.50                  0.0000    

  3     0.3499        1.0027               -0.4743              0.6360    

  2     0.3048        1.0023               -1.005                0.3167    

  1     0.1774        1.0013                0.1878               0.8513    

  0     0.2054        1.0015                              

Unit-root tests (using KonsumYW.xls)

The sample is 1968 (3) - 2004 (4)

LogWealth: ADF tests (T=146, Constant+Trend; 5%=-3.44 1%=-4.02)

D-lag     t-adf          
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 Y_1              t-DY_lag           t-prob       

  4         -3.128       0.94717              11.10                0.0000    

  3         -1.215       0.97217              -0.3153             0.7530    

  2         -1.275       0.97117              -0.8045             0.4224    

  1         -1.432       0.96811               0.3667              0.7144    

  0         -1.397       0.96935           

EQ( 1) Modelling LogConsumption by OLS-CS (using KonsumYW.xls)

       The estimation sample is: 1967 (2) to 2004 (4)

                          Coefficient         Std.Error       t-value          t-prob 

Constant             0.466578          0.05680          8.21              0.000   

LogIncome         0.635280          0.04229        15.0                0.000   

LogWealth         0.148095           0.02603         5.69              0.000   

sigma               0.0447923  RSS               0.296940305

R^2                  0.953984  F(2,148) =     1534 [0.000]**

no. of observations       151  no. of parameters           3

mean(LogConsumption)      3.60629  var(LogConsumption)    0.0427351

Covariance matrix of estimated parameters:
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        0.0032261           -0.00064748            -0.00015319
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      -0.00064748           0.0017887               -0.0010233
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      -0.00015319         -0.0010233                0.00067747

Test for linear restrictions (Rb=r):

R matrix

     Constant    LogIncome    LogWealth

      0.00000       1.0000       1.0000

r vector

       1.0000

LinRes F(1,148) =   111.84 [0.0000]**

Unit-root tests (using KonsumYW.xls)

The sample is 1967 (4) - 2004 (4)
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RESCONSUMPTION [1967 (2) to 2004 (4)] saved to KonsumYW.xls

RESCONSUMPTION: ADF tests (T=149; 5%=-1.94 1%=-2.58)

D-lag    t-adf            
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 Y_1                 t-DY_lag        t-prob           

  0       -20.28**    -0.46125                                     
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