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FE3003 Applied Econometrics
THE BREUSCH-GODFREY LAGRANGE MULTIPLIER TEST FOR SERIAL CORRELATION
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Introduction
We have been introduced to the Durbin-Watson test for first order serial correlation and the Durbin h-test for serial correlation in the presence of a lagged dependent variable (see Pindyck and Rubinfeld 1998, 4th edn, pp.169-170 for a good explanation and an aggregate consumption regression example).  The LM test is particularly useful because it is not only suitable for testing for autocorrelation of any order, but also suitable for models with or without lagged dependent variables.

The LM test, as other tests, uses the estimated residuals in constructing the test.  It is worth reminding ourselves, however, that autoregression can be the result of mis-specification of the model and not genuine autocorrelation due to the behavioural characteristics of the residuals.  Studenmund (2001: 313-318) provides a good explanation of autocorrelation as indicating problems in the specification of a model.  Essentially, this rests on the fact that, economic variables are usually autocorrelated and if such a relevant variable effect is included in the stochastic term, then the stochastic term will to that extent become autocorrelated.   If mis-specification is the real cause of the autocorrelation, then using Cochrane & Orcutt, Hildreth-Liu, Generalised Least Squares or some other autoregressive method to correct for autoregression is not appropriate, rather the model should be correctly specified.

In diagnostic tests, autocorrelation of order p is chosen as follows:

p = 1
for undated and annual data

p = 2
for half yearly data

p = 4
for quarterly data

p = 12
for monthly data

Other values for p can usually be specified using an option.

The Breusch-Godfrey Lagrange Multiplier Test for Serial Correlation

We will illustrate this test with reference to a second order autoregressive scheme.  Suppose that we have a model,

Yt  = (1 + (2 X2t  + (3 X3t  + (t



..........  (1)

and we suspect a second order autoregressive scheme:



(t = (1 (t-1 + (2 (t-2 + (t  


..............  (2)

Then the model could be written as:

Yt  = (1 + (2 X2t  + (3 X3t  + (1 (t-1 + (2 (t-2 + (t

..............  (3)

This we could term the unrestricted form of the model.  It is unrestricted because we do not restrict the form the error term may take, if it is an independent random error the ( value will be zero, if the error is auto-correlated up to a second order then one or both of the ( will be non-zero.

If we estimated the equation as,

Yt  = (1 + (2 X2t  + (3 X3t  + (t



................  (4)

This would be a restricted form of the equation, since implicit in this form is the restriction that (1 = (2  = 0.

We can define a (2 variable with h degrees of freedom as;


(SSRR  - SSRU )   (  (2h



...............  (5)



(^2R
Where h is degree of freedom, which is the number of restrictions (in this 2nd order example h=2),

SSR the sum of squares residuals for the restricted and unrestricted equations and (^2R
the estimated variance of the restricted equation.

We can further show that,



(SSRR  -  SSRU )   =    SST  -  SSR    =  nR2 = TR2



(^2R

     SST/n

Where R2 comes from auxiliary regression - [an explanation of why this relationship holds can be found in Thomas p. 70, but you just need to remember the nR2 = TR2 result].

We may, therefore, obtain a LM test statistics in TR2 in order to carry out the test.  The procedure for obtaining the above test statistics is as follows.

1.  Estimate the restricted equation and retain the residuals (et);

2.  Use the residuals (et) as the dependent variable for the unrestricted regression in an auxiliary regression:



et  =  (1 + (2 X2t  + (3 X3t  +  (1 et-1 + (2 et-2
3.  Take TR2 and compare it with the relevant critical value for (2 where the degrees of freedom, h, is the order of the autoregressive scheme.

The null hypothesis of the test is,
Ho: no autocorrelation.

We reject the null hypothesis if TR2   > (2h critical value.

Class Exercise

We will carry out this exercise for someone's model who can provide us with quick access to the estimation of their country equation!!

Tutorial Question
A Money Demand function 
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(3.1)
was estimated using quarterly data for the United States over the period 1952:1-1992:4 (T=163 observations). 

Where:
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 is the logarithm of the narrow money supply in time period t;


[image: image3.wmf]log()

t

GDP

 is the logarithm of the real GDP;


[image: image4.wmf]t

RS

 is the interest rate;
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 is the rate of inflation measured here as the differences in the logarithm of the consumer price index;
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 is the residual.

The econometrician wanted to conduct the Breusch-Godfrey Serial Correlation Lagrange Multiplier and she ran the equation:
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(3.2)

the results of which are reported below.

	
	
	
	
	

	Test Equation:

	Dependent Variable: RESID

	Method: Least Squares

	Date: 11/28/02   Time: 16:21

	Presample missing value lagged residuals set to zero.

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	C
	-0.006355
	0.013031
	-0.487683
	0.6265

	LOG(GDP)
	0.000997
	0.002645
	0.376929
	0.7067

	RS
	-0.000567
	0.001018
	-0.556748
	0.5785

	DLOG(PR)
	0.404143
	0.381676
	1.058864
	0.2913

	RESID(-1)
	0.920306
	0.032276
	28.51326
	0.0000

	R-squared
	0.837282
	    Mean dependent var
	1.21E-15

	Adjusted R-squared
	0.833163
	    S.D. dependent var
	0.054969

	S.E. of regression
	0.022452
	    Akaike info criterion
	-4.724644

	Sum squared resid
	0.079649
	    Schwarz criterion
	-4.629744

	Log likelihood
	390.0585
	    F-statistic
	203.2515

	Durbin-Watson stat
	1.770965
	    Prob(F-statistic)
	0.000000


Where,
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 are the residual of the Money Demand equation (3.1),
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 are residuals lagged one period,
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 are white noise errors in this equation, and the other variables are defined as above.

(a) Explain the Breusch-Godfrey Serial Correlation Lagrange Multiplier test making clear what order of test is being carried out.

(b) Carry out the test and explain the conclusions you arrive at with regard to the serial correlation.

*****

Hmmm!

	Breusch-Godfrey Serial Correlation LM Test:

	F-statistic
	813.0060
	    Probability
	0.000000

	Obs*R-squared
	136.4770
	    Probability
	0.000000
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