Spring, 2009

Thursday, May 7

Stat 324 – Day 21
Durbin-Watson Test (6.2.4)
One condition of the basic regression model is that the observations are independent.  This can mean a lot of things.  So far, we have only visually checked independence with respect to the order of the observations (e.g., time series data, spatial data).  An alternative to the visual check is measuring the dependence between consecutive observations (aka serial correlation or “autocorrelation”). A major consequence of data that are serially correlated is misleading standard errors of the regression coefficients and predictions (“false impression of accuracy”).  
Example 1: The worksheet consumerExp.mtw contains quarterly data from 1952 to 1956 on consumer expenditure and the stock of money (billions of dollars), from Chatterjee, Hadi, and Price who took it from Friedman and Meiselman (1963).
(a) Fit a regression model for predicting consumer expenditure from the money stock and store the residuals.  Are the regression coefficients statistically significant?  Does the R2 value seem reasonable?

(b) What would you conclude from the residual plots? (e.g., residuals of identical sign occurring in clusters or residuals alternate signs too rapidly)
(c) A common diagnostic is to examine the correlation between consecutive error terms.  To find the “first order lag,” assuming the residuals are stored in C5 and that C6 is empty, type:

MTB> lag c5 c6
Now row 2 has e2 in C5 and e1 in C6.  What is the correlation coefficient between these two columns?  Also look at a scatterplot of these two columns.  Do the lagged residuals seem to be correlated?
The lag 1 sample autocorrelation of the residuals is calculated as 
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This value varies between -1 and 1.
If the error terms are correlated, then our model becomes yt = 0 + … + pxp + t, 

where t = t-1 + at and the at are normally distributed with mean 0 and constant variance.

Let  represent the (population) autocorrelation between the residuals.  Typically we want to test


H0:  = 0 (independence) vs. Ha: > 0 (positive autocorrelation)

Durbin-Watson Test If the observations occur at regular intervals, we can test for significant positive autocorrelation between adjacent observations.
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(d) To calculate this statistic with your current results:


MTB> let c7=(c5-c6)**2


MTB> let c8=c5*c5


MTB> sum c7


MTB> sum c8


and compute the ratio.

(e) Verify your calculation in Minitab by selecting the Durbin-Watson statistic under Options.
· This statistic varies between 0 and 4.  It is close to 2 when the errors are uncorrelated. If the residuals are highly positively correlated, d will be near 0.  If negatively correlated, near 4.  Tables of critical values (which depend on n and p) tell you how far from 2 the test statistic needs to be for us to consider independence violated.

· Table A.6 provide a lower bound and an upper bound.  If d < dL, we have evidence of positive correlation in the residuals.  If d > dU, we do not have evidence of positive correlation.  If dL < d < dU, the test is inconclusive. (Try some fixes and see if it helps?)
· Tests for negative autocorrelation are seldom performed, however, you can use the symmetry of the sampling distribution of d and look at 4-d and apply the above.
· Limitation! The autocorrelation can be calculated for different lags (e.g., seasonal, monthly, quarterly) to see whether there is a more complicated correlation structure. (We have to rely on residual plots and plots of et vs. et-k instead of Durbin-Watson.)
· If you find evidence of correlation in the residuals, doubt is cast on the least squares results and any inferences.

Adjusting for Autocorrelation
· Introduce additional key variables to model the time-ordered effects 
· Time series models that account for the correlation in the errors (e.g., lagged variables)
· Work with transformed variables (e.g., yt’= yt - yt-1 and xt’= xt - xt-1)
In above example, re-analysis yields SE(
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Example 2: A construction company wants to model housing starts and population growth to forecast construction activity.  They decide to use the number of people between 22 and 44 years of age as a measure of the number of potential home buyers (in millions).  The worksheet housingForecast.mtw contains 25 years of data for their region.

(a) Fit the model predicting housing starts from population size. Interpret slope and R2. 
(b) Evaluate the residual plots and Durbin-Watson statistic.  
(c) Now include availability for mortgage money index as a measure the availability of mortgage money.  What is the effect of including this variable on the autocorrelation of the errors (D-W statistic)?  How would your conclusions about the magnitude of the population effect change?
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The weight function was chosen to be the density of the Bota-distribution with the correct
mean and variance. (An alternative weight function giving the right order of vanishing of
(17)at z = 0 and z = 1 was also tried but it was found to be less satisfactory.) With this
weight function, the cocfficients 4, and az in (17) were zero, Torms as far as G(x) wore used.
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A first set of significance points was obtained using the weight function as a first approxi-
mation; these values were then adjusted using the higher terms of the series. The first set
of values was calculated partly by Wise’s* (1950) method and partly by means of Carter’s
(1947) approximation. The adjustments necessary wore found to be small and to vary very
slowly with p and g; they could therefore be calculated by the following method which
reduces to a minimum interpolation in the Tables of the Incomplete Beta Function (1948).

* Wo are indebted to Mr Wiso for some helpful correspondance on his method.
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Table 6. Significance points of dy, and dy: 1%
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extrome of the tabulated valuos was examined. The distributions of ,, and dy for these
values were modified to give latent roots ocourring in equal pairs, i.e. five pairs in all. The
new roots were chosen to lie midway between the roots of the original distribution, thus
preserving its asymmetry and general character. By pairing the roots in this way the exact
significance points could be determined using results given by R. L. Anderson (1942). The
significance points obtained by the approximate procedure agreed with these exact signi-
ficance points to the order of accuracy required here.

7. AN EXAOT BOUNDS TEST
We have given elsewhere (Watson & Durbin, 1951) a general method of constructing exact
tests of serial independence which do not require the use of circalar definitions of the serial
correlation coefficient. The method can be used to obtain the exact distributions of bounding




“In general, diagnosing correlated errors is very difficult, the best diagnostics coming from careful consideration of the process that generates the data.”
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