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Econometrics 2, Class 1

Problem Set #11
November 28, 2005

#11.1 Unit roots and cointegration

We will go through this old exam question on the blackboard.
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#11.2 Engle-Granger analysis for Danish 
consumption

You will need to start by defining C, Y and W in the dataset.

Test for cointegration – 3 steps

1) Check for unit roots in the variables. (Question 1)
2) Estimate the static long-run relation using OLS and save 

the estimated residuals. (Question 2)
3) Perform the Engle-Granger residual-based test (i.e. ADF on 

estimated residuals) for whether the long-run relation is a 
cointegrating relation. (Question 3)
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(1) Test for unit roots

A quick look at the graphs reveals that C, Y and W are trended so the 
relevant test is for trend stationarity.
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The usual ADF tests for a unit root

The 5% critical 
value in both cases 
is -3.45.

This means than we 
cannot reject the 
null of a unit root 
for c. However, y
could be stationary. 
But it seems 
strange to assume 
that y is stationary 
and does not 
cointegrate with c
(at least according 
to economic 
theory).
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The usual ADF tests for a unit root (cont.)

The critical value for 
the test for a unit 
root in w is -3.45.

We cannot therefore 
reject the null of a 
unit root.

The critical value for 
the test for a unit 
root in arblos is

-2.89. We thus 
reject the null of a 
unit root.

(2) OLS

Estimate this static long-run relation:

Remember: the estimates are super consistent, but we cannot use e.g. 
the t-values.

There is a less than one-to-one increase in consumption associated with 
an increase in income or wealth.
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(3) Engle-Granger residual based test for 
cointegration

This is just an ADF test for a unit root on the estimated 
residuals.

• Start by saving the estimated residuals.
• Then perform the usual ADF test on the estimated 

residuals. Remember that you should not use a constant, 
since the residuals have mean 0.Here 

just 
one lag 

has 
been 

chosen.

Engle-Granger residual based test for 
cointegration (cont.)

The critical values depend on the static regression, where there is a constant 
and two explanatory variables.

The t-value of -3.27 means that we cannot reject the null of a unit root / no-
cointegration.
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Engle-Granger residual based test for 
cointegration (cont.)

It might also be worth checking whether it would have made a difference adding a 
trend to the static relation…

… but the trend is insignificant, and the relevant t-value is almost identical. We 
have removed the stochastic and the deterministic trend (if there was one).
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(4) Define the error correction term

We assume that the 
variables cointegrate 
anyway!
We can then define

There are some large 
deviations, which 
suggest that the 
process is still non-
stationary. (Hence the 
rejection of 
cointegration.)
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(5) Single equation ECM for c

There is strong 
evidence here 
that c error 
corrects.

The coefficient 
implies that 
30% of 
deviations from 
equilibrium are 
removed each 
quarter (which 
seems like a 
lot!).

Single equation ECM for y

No evidence of error correction here…
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Single equation ECM for w

… or here!

(6) Select the preferred Engle-Granger 
model for dc

dy_1 and dw_1 are insignificant. Do not delete the 
constant!
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Select the preferred Engle-Granger model 
for dc (cont.)

It is of course 
important that we do 
not have a problem 
with AR, but this 
model does not 
appear well specified.

Select the preferred Engle-Granger model 
for dc (cont.)
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There are too many 
large outliers! 
Especially in 75:4, 
77:3 and 77:4.

Normality of the 
residuals is 
important because 
our maximum 
likelihood based 
estimation is based 
on the assumption of 
normally distributed 
error terms.
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(7) Add dummies for large residuals

• It is sometimes a good idea to “dummy out” extreme 
observations.

• Adding a dummy for one observation means that that 
observation is effectively ignored for estimation.

• The residual becomes zero.
• It is, however, always a good idea to have a good reason 

for using this method. Here we justify it by the fact that 
the observations are related to two transitory policy 
measures.

• We use the following code in algebra editor:
• DUM754=dummy(1975,4,1975,4);
• DUM773=dummy(1977,3,1977,3);
• DUM774=dummy(1977,4,1977,4);

• The dummies take the value of one for the specified 
observation, and 0 otherwise.

The results

Note that dy has now become insignificant. Its significance 
in the previous model was entirely due to the fact that 
outliers in y occurred simultaneously with those in c.
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Specification tests
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This model looks 
amazingly well 
specified!

Inference is now 
standard, since all 
unit roots have been 
removed.

(8) Recursive estimation

This simply involves estimating all the 
coefficients for all sample lengths up to T.

Since the model is estimated under the 
assumption of constant coefficients, the 
estimators should not fluctuate too much.

Remember to check 
this box before running 
the estimation. Then 

you can choose 
“Recursive Graphics” in 

the Test menu.

This should be set 
equal to twice the 

number of coefficients 
to be estimated. It 

specifies the smallest 
sample length to be 

used.
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The result
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A rule of thumb is 
that no estimate 
should be within 
the last 
confidence bands.

This seems to be 
fairly well 
achieved.

Note that 
confidence bands 
should narrow, 
since our 
estimators are 
consistent (except 
for the dummies, 
which are not).

#11.3 ADL analysis for Danish consumption

(1) An alternative to the (static) Engle-Granger approach is 
cointegration analysis based on an unrestricted ADL or 
ECM (dynamic) model.

The advantage is that the dynamic model is well specified (i.e. 
does not ignore dynamic effects), so, given cointegration, 
t-ratios constructed from the estimated standard errors 
follow standard normal distributions under the null.
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(2) Estimate the unrestricted ADL model

Here you could 
try deleting 
insignificant 
terms.

(3) Misspecification tests

The model appears to be well specified. 

The Hetro-X test involves cross terms for 
all coefficients etc., so with this number 
of parameters it is not possible to give a 
test statistic.
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(4) Test – Dynamic Analysis – Static long-
run solution

This is a test 
of the null 

that all 
parameters 
are equal to 
0 (rejected).
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(5) Test – Dynamic Analysis – Lag structure 
analysis (PcGive test for no-cointegration)

Don’t use these!

We thus reject 
the null of no-
cointegration.
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(6) Repetition from the lectures: Dynamic 
multipliers

Repetition from the lectures: Dynamic 
multipliers (cont.)
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(6) Test – Dynamic Analysis
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Note that PcGive normalizes the long-run multipliers (which are the sum of 
the dynamic multipliers) to one.

Almost the entire impact of a change in w comes in the first period.

(7) Unrestricted error correction model

HOMEWORK!

•Derive the long-
run solution and 
compare with the 
ADL model.

•Perform PcGive
test for no-
cointegration.

•E-mail me if 
you have 
difficulties with 
this.

•I will expect 
someone to 
present their 
answer next 
week.



17

Next time

We look at the ARCH model.


