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Econometrics 2, Class 1

Problem Set #12
December 5, 2005

From last time: PS#11
(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.



2

Estimating long-run solution
Repetition from lectures

Estimating long-run solution

7
1

6

0.111539 0.464
0.240254

αβ
α

= − = − =
−

8
2

6

0.0902570 0.376
0.240254

αβ
α

= − = − =
−

Long-run relationship:

ECM formulation:

Use formula on last slide to obtain:

Of course, these are the same results we derived using the ADL model!
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PcGive test for no-cointegration (Test –
Dynamic Analysis – Lag structure analysis)

N.B. Same as last 
time! We thus 

reject the null of 
no-cointegration.

#12.1 The ARCH Model

We will go through this old exam question on the blackboard.
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#12.2 Danish KFX Stock Market Index
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(1) Graph of stock index
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There do seem to be periods of 
increased volatility/variance. This is 
symptomatic of ARCH effects.
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(2) Autoregressive model for y

1 1 2 2 3 3 4 4t t t t t ty Y Y Y Yδ θ θ θ θ ε− − − −= + + + + +
We try an AR(4) model:

The lags are generally insignificant (good theoretically!)…

Autoregressive model for y (cont.)

t ty δ ε= +

… so we remove one lag at a time and end up with this model:

The model is very poorly specified (not a surprise). We can however use 
it to test for ARCH effects in the residuals – if there is no residual 
autocorrelation.

We should really have 
removed this, but try 
yourselves! (It is only 
borderline significant.)
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Why is it important that we remove AR 
before testing for ARCH?

Autocorrelation: There is a relationship between the 
residuals and the lagged residuals.

This implies that there is also a relationship between the 
squared residuals and the lagged squared residuals.

ARCH: There is a relationship between the squared residuals 
and the lagged squared residuals.

So AR => ARCH
BUT
ARCH does not imply AR!

(3) Test – Test… - ARCH test
(Breusch-Pagan test for heteroskedasticity)

This is the same test presented in the previous slide. The null hypothesis 
is no ARCH, which we reject. (N.B. PcGive reports F-statistics, not chi-sq)

In the presence of ARCH, 
OLS is consistent but 

inefficient.
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(4) Package – Volatility Models
Model – Formulate…

We choose the GARCH(1,1) model for the conditional variance. This 
nearly always fits, although it is quite restrictive. (Implies an ARMA(1,1) 
model for the squared innovation.)

Specify the conditional mean: Specify the conditional variance:

Results (using ML and assuming normality)

X indicates a coefficient from the conditional mean (where we only 
have a constant).

H indicates a coefficient from the conditional variance (constant, alpha 
and beta).

(Note: We (almost) have a non-stationary ARMA process for the 
squared residuals. Persistence in volatility is very high!)
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(5) Compare conditional standard deviation 
with the residuals

•Save the residuals and the conditional 
variance.

•Define the conditional standard 
deviation.

•Error bands for the residuals can be 
constructed as

•Save these as e.g. hi and lo.

•You can now draw the graph on the 
following slide.

2 tσ±

The pretty picture…

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

-0.125

-0.100

-0.075

-0.050

-0.025

0.000

0.025

0.050

0.075

0.100
Residual 
lo 

hi 
 

Note the typical 
ARCH pattern.

Large shocks are 
followed by periods 
of increased 
volatility.
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(6) Make a 52 period out of sample forecast

I have chosen a larger 
number than suggested.

Remember to 
increase this!

The forecast results
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With no 
shocks, the 
conditional 
variance will 
gradually 
adjust back 
to the 
unconditional 
variance. 
(History 
means less 
and less.)
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(7) Try other specifications for the 
conditional variance.

You could try a non-normal 
distribution for the errors (t-

distribution).

Allows shocks to have asymmetric 
effects. (e.g. negative shocks lead 

to more volatility)

h_t is the conditional variance. 
These options allow volatility to 
impact on the conditional mean. 

(e.g. higher risk means a higher risk 
premium is necessary)

Other specifications (cont.)

You can also impose 
stationarity, positive conditional 

variance etc.


