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92 INTRODUCTION TO ECONOMETRIC METHODS

term. Often we find a constant term also included in regression equations with
first differences. This procedure is valid only if there is a linear-trend term in the
original equation. If the regression equation is

V. =a+8t+ Bx, +u,
then ey =a+ 8~ +8x,_, +u,_,
and on subtraction we get

Vi=r=) =8+ B(x, — x,_1) + (u, —u,_y)
which is an equation with the constant term §.

Another important thing to note is that usually with time-series data one
gets good R”s when the regressions are estimated with the levels y, and x, but
one gets poor R”s if the regressions are estimated in first differences (y, — y,_,)
and (x, — x,_,). Since usually a high R? is considered as proof of a strong
relationship between the variables under investigation, there is a strong tendency
to estimate the regression in terms of the levels rather than the first differences.
This is sometimes called the “R? syndrome.” However, if the Durbin-Watson
statistic is very low, it often implies a misspecified equation, no matter what the
value of the R? is. In such cases one should estimate the regression equation in
first differences; and if the R? now is low, it is merely an indication that the
variables y and x are not indeed related to each other, as the high R?s obtained
from the regressions of the levels might imply. Granger and Newbold' present
some examples with artificially generated data where p, x, and the residual u are
each highly autocorrelated series each generated independently so that there is
no relationship between y and x, but the regression of y on x gives a high R?
and a low Durbin-Watson statistic. When the regression is run in first
differences, the R? is close to zero and the Durbin-Watson statistic is close to
2.0, thus demonstrating that the R? obtained earlier is spurious and that there is
indeed no relationship between y and x. Thus regressions in first differences
might often reveal the true nature of the relationship between y and x.

It is, of course, not always true that one should be estimating regression
equations in first differences. In fact, if the Durbin-Watson statistic is greater
than 1.2, which roughly implies that the correlation between u, and v,_, is less
than 1(2.0~1.2), or 0.4, using first differences might actually increase the
correlation between the resulting residuals (4, — »,_,) and (u,_, — ,_;). In such
cases one should be using quasi first differences rather than first differences. For
instance, if the Durbin-Watson statistic is 0.8, since this implies the correlation
between u, and w,_, to be roughly 1(2.0—08), or 0.6, we should regress
(y,— 0.6y, ) on (x, — 0.6x,_)).

Finally, it should be emphasized that all this discussion of the Durbin-
Watson statistic, first differences, and quasi first differences is relevant only if
we believe that the residuals show first-order autocorrelation, that is, », and w,_,

. ' C. W. J. Granger and P. Newbold, Spurious Regressions in Econometrics, Jowrnal of
Econometrics, vol. 2, no. 2, pp. 111-120, July 1974.




138 INTRODUCTION TO ECONOMETRIC METHODS

other qualities constant. For example, the coefficient of H indicates that an
increase in 10 units of horsepower, ceteris paribus, results in a 1.2 percent
increase in price. However, some of the coefficients have to be interpreted with
caution. For example, the coefficient of P in the equation for 1960 says that the
presence of power steering as “standard equipment” led to a 22.5 percent higher
price in 1960. In this case the variable P is obviously not measuring the effect of
power steering alone but is measuring the effect of “luxuriousness” of the car. It
is also picking up the effects of 4 and B. This explains why the coefficient of 4
is so low in 1960. In fact, 4, P, and B together can perhaps be replaced by a
single dummy that measures “luxuriousness.” These variables appear to be
highly intercorrelated. Another coefficient, at first sight puzzling, is the
coefficient of ¥, which, though not significant, is consistently negative. Though
a V-8 costs more than a six-cylinder engine on a “comparable” car, what this
coefficient says is that, holding horsepower and other variables constant, a V-8
is cheaper by about 4 percent. Since the V-8’s have higher horsepower, what this
coefficient is saying is that higher horsepower can be achieved more cheaply if
one shifts to V-8 than by using the six-cylinder engine. It measures the decline in
price per horsepower as one shifts to V-8's even though the total expenditure on
horsepower goes up. This example illustrates the use of dummy variable and the
interpretation of seemingly wrong coefficients.

As another example consider the estimates of liquid-asset demand by
manufacturing corporations. Vogel and Maddala' computed regressions of the
form log C=a + Blog S where C =cash and § = sales, on the basis of data
from the Internal Revenue Service, “Statistics of Income,” for the year 1960—
1961. The data consisted of 16 industry subgroups and 14 size classes, size being
measured by total assets. When the regression equations were estimated
separately for each industry, the estimates of 8 ranged from .929 to 1.077. The
R*s were uniformly high, ranging from .985 to .998. Thus one might conclude
sales elasticity of demand:for cash is close 1o 1. Also, when the data were pooled
and a single equation estimated for the entire set of 224 observations, the
estimate of B was .992 and R? =.987. When industry dummies were added, the
estimate of 8 was .995 and R? =.992. From the high R*s and relatively constant
estimate of 8 one might be reassured that the sales elasticity is very close to 1.
However, when asset-size dummies were introduced, the estimate of S fell to
334 with R? of .996. Also, all asset-size dummies were highly significant. The
situation is described in Fig. 9-2. That the sales elasticity is significantly less than
1 is also confirmed by other evidence. This example illustrates how one can be
very easily misled by high R*s and apparent constancy of the coefficients. It
also illustrates how one can get misleading results from grouped data, as
mentioned in Chap. 6. When grouping is only by one variable, as in this case,
more meaningful results will be obtained by considering a rectangular array of
data consisting of several cross sections and analyzing it by pooled regressions

' R. C. Vogel and G. S. Maddala, Cross-Section Estimates of Liquid Asset Demand by
Manufacturing Corporations, The Journal of Finance, December 1967.
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Figure 9-2 Bias due to omission of dummy variables.

and dummy variables. Some further examples of analysis from grouped data will
be given later.

As mentioned earlier, dummy variables are not necessarily (0,1) variables.
As an illustration, consider the joint estimation of the demand for beef, pork,
and chicken on the basis of data presented in Table 7-5. Waugh estimates a set
of demand functions of the form

Pr=oa,+ Byux, + Byx, + Byxy + vy +uy
Py=a,+ Bipxy + Bypxy + By + vy + (9-6)
Py=a3+ Bi3x; + Bosx; + Byyxs t vy + 15

where P, =retail price of beef

P, =retail price of pork

P, =retail price of chicken

x; =consumption of beef per capita

X, =consumption of pork per capita

x; =consumption of chicken per capita

y =disposable income per capita
Xy, X, X3 can be obtained from Table 7-5. The prices in Table 7-5 are, however,
retail divided by a consumer price index. Hence we multiplied them by the
consumer price index p to get p,, p,, and p,. This index p and disposable income
y are as follows:’

! There appears to be a misprint in the price of beef given in Table 7-5 for the year 1950 {on the
basis of other information given in Waugh). We corrected this to 83.3 from 88.3.
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