














In this paper we look at gross investment, man-hours, employment,
and hours as factors, deflated séles as a measure of output, and
various measures of price effects. The variables are all measured
in natural logarithms, detrended and deseasonalized.® Much previous
work has not been formulated with variables measured in logarithms,
but this point of difference seems unlikely to be important.® 1In all
other respects, the model estimated in this paper is more general than
those used in previous work. The lag distributions on output and
price are subject only to one maintained restriction: that they be-
come negligibly small after about 12 quarters to either side of zero.”
If in this general framework, future values of right-hand-side variables
enter with significant coefficients, then a fortiori the right-hand-
side variable is not exogenous in more narrowly specified models using,
say, rational or Almon polynomial forms for the lag distribution.

Most of the statistical analysis which went into this paper started
from frequency-domain estimates of the lag distributions. The technique

used, the "Hannan inefficient" procedure, is described by Hannan (1963),

5. For most variables, published deseasonalized data were used,
though in one equation (noted below) it was necessary to go back to the
raw data. Detrending was by a preliminary regression of the logged
variables on a linear trend.

6. Jorgenson (1967) seems to feel that the distinction between log-
linear and linear investment models is important. This is a matter of
personal judgment until the empirical evidence is in, of course. Thus
it might be that the bad performance of price variables in the models of
this paper reflects misspecification in the log-linear form. But it is
equally possible that the apparent exogeneity of output in the log-linear
model would not carry over to the slightly different models Jorgenson
has worked with,

7. 1In every estimated model coefficients on lags 9-12 were tested
for significance as a group, and in every case the null hypothesis that
all were zero was accepted. Thus the estimates themselves show no conflict
with the maintained hypothesis that the lag distribution has become
negligibly small by the 12th lag.



(1967), and Wahba (1969), and in the appendix to this paper. This
procedure is, for a single right-hand-side variable, equivalent asymp-
totically to generalized least squares, where the weighting matrix is
based on the autocovariance function of the exogenous variable instead
of on the autocovariance function of the residuals.® The procedure
has substantial computational advantages over least squares regression,
especially where several possible lengths of lag distribution are con-
templated. It also makes seasonal adjustment easy and automatically
takes account of complicated patterns of serial correlation in residuals
in computing test statistics. Both these latter characteristics are
important for this paper because: a) as I pointed out earlier (1971),
seasonal adjustment of dependent and independent variables by different
methods can cause serious bias in distributed lag estimates; and b) we
will be making tests on groups of coefficients about whose sizes, signs,
and interrelations we have little a priori notion, so that unbiased test
statistics are a central concern.

The Hannan inefficient procedure has disadvantages too, however.
Most obviously, it is less than fully efficient. Also, it requires
relatively long series in order that it not be contaminated by "end
effects", which arise because the method treats series as infinitely
long, either periodic or filled out with zeroes. Lagged values of
exogenous variables at the beginning of the sample are implicitly either

taken as zero or taken as values from the end of the sample. The method

also draws its computational advantages from the assumption of stationarity.

8. Hannan (1963) pointed out the equivalence of his efficient
procedure with his inefficient procedure when the residuals and the
exogenous variable have the same spectral densities. Amemiya and
Fuller (1967) showed the equivalence of the efficient procedure to
generalized least squares.



Hence it will fail on data which show very different patterns of
variation in different periods or which have many gaps. And, finally,
the method does not allow exact test statistics, even if normal errors
are assumed. All tests must be based on asymptotic distributions.
Because of these possible problems with the frequency-domain esti-
mates, most of the main results of the paper were verified with least

squares regression techniques.

3. Results with factor demand related. to sales and prices

With one marginal exception, every equation with both sales and
price as independent variables showed either an insignificant price
variable or significant coefficients on future values of price or sales,
Experimentation with the form of the price variable, while considerable,
did not cover every formulation which has appeared in the literature.
It was decided not to proceed further with the search for a valid exogenous
price variable, however, because: a) an explicitly stochastic approach to
the theory of factor demand leads to doubt that any single variable can
summarize the influence of price, and b) the fact that positive results
appear in equations without price variables suggests that such equations
have valid interpretations as causal reduced forms even if price is ex-
cluded.

Two forms of the cost of capital variable, c, were tried. One was

® and the other taken from an article

taken from previous work by Nadiri
by Coen (1968). Both are based on interest rates (rather than returns

on equity) and both use the standard formula for user cost, as presented

9., Supplied to me by Professor Nadiri.
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in, e.g., Hall and Jorgenson (1967). Coen, however, corrects for the

effects of changes in depreciation guidelines, while Nadiri's variable
reflects no tax changes except the investment tax credit. Coen's data
is annual and extends only through 1966.°

The wage variable is one recently added to the NBER data bank which
has been corrected for interindustry shift and overtime hours effects.

In equations for labor inputs, the wage-to-c ratio was the price
variable., For the gross investment equations, both the c-to-wage ratio
and the c-to-output-price ratio were tried as price variables. Output
price was taken as the wholesale price index for the appropriate industry.

The exception to the pattern of negative results described at the
beginning of this section occurred in the equation explaining investment
in nondurable manufacturing, using the Coen cost of capital deflated by
the wholesale price index for nondurable manufactures. 1In this equation
no coefficients on future values of sales or ¢ were significant, current
and past sales had significant effect and positive coefficients, and cur-
rent and past ¢ had the appropriate predominantly negative coefficients.
The test statistic for the null hypothesis that current and eight past
values of ¢ all have zero coefficients is 13.45 with an asymptotic
x%(9) distribution. This is not quite significant at the 10% level (the
.10 level for x°(9) is 14.68). However, the first four lagged values

of ¢ are significant as a group.

10. Coen's annual data (actually semiannual for one year when a
major tax change occurred at midyear) was converted to a quarterly basis
by simply repeating each observation four times. This of course intro-
duces a spurious seasonal in the data. However, by the argument in
another paper of mine (1971), excess seasonal variance in an independent

variable has the effect of '"deseasonalizing' the estimated lag distribution,

so unless the true lag distribution has a seasonal pattern, the resulting
bias should not be large.
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of the change is known exactly. Thus a reduction in ¢ for one year
due to a one-year investment tax credit is not at all the same thing
as a one-year reduction due to a one-year drop in the corporate in-
come tax rate. The reason is that the standard formula, which spreads
tax changes and credits smoothly over an investment's lifetime, is not
accurate as a measure of the true cost of capital when the formula's
components are fluctuating over time. All of this suggests that we
ought not to impose the same pattern of lagged response on all the
components of factor-price ratios.

The above argument does not apply to demand for labor, except in-
sofar as labor behaves like a capital good. Both labor and capital
equations, though, are subject to a variant of the classical sort of
identification problem for a demand equation. 1In static competitive
theory it is sometimes appropriate to take factor prices as determined
outside any single industry. 1In empirical work, the same kind of reasoning
may justify using prices as exogenous variables in cross-sectional or
long run historical studies. But in quarterly time series analysis a
considerable portion of variance in factor demands is likely to be cyclical,
and hence will correspond to cyclical variation in factor prices. Unless
industry-specific patterns of variation in factor demand dominate the
dependent variable, the fact that analysis is at an industry level does

not make it legitimate to ignore classical identification problems,1l

11. It is interesting to speculate on why the identification problem
has so seldom received even passing mention in aggregative investment and
labor demand studies. One possibility is that the Brookings Model, which
provided the context for much of the early work on both these two problems,
encouraged researchers to pass the buck on identification to a hypothetical
future "system estimate" of the model. Of course the model in the end has
become so large that the usual methods of equation system estimation, which
assume that the number of observations is large relative to the number of
variables, have no rationale.
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4, Results with factor demand related to sales alone

In comparison to the results for the price variables, results with
sales alone as explanatory variable are clear-cut. 1In the equations
for gross investment, sales behaves like an exogenous variable. Chart
I displays lag distributions for gross investment on sales for aggregate
manufacturing and the two subaggregates. 1In all three lag distributions,
coefficients on future sales (the coefficients with negative time index)
are noticeably smaller than those on current and past sales, and the
tests shown in Table 1 confirm that in each distribution, coefficients
on the first four negative lags are insignificant as a group.l?

It is worthwhile to note from Chart II and Table 2 that future co-
efficients are indeed significant as a group in the reversed relation-
ship with sales regressed on investment. This latter result is not a
necessary consequence of the first result., It is possible to have a
system in which distributed lag regressions in both directions yield
zero coefficients on negative lags. Had our results been consistent
with investment and sales being such a system, it would not have been
appropriate to conclude that the results support a causal interpretation

of the investment on sales relation.l®

12. Though the test statistics cited here and in what follows are
for the first four negative lags and for the zero'th through eighth non-
negative lags, tests were actually computed in each instance for co-
efficients on lags -1 to -6, -1 to -8, 1 to 8, 1 to 12, 1 to 4, and 9
to 12 as well. In no case would conclusions have been altered by ex-
plicit consideration of these other statistics.

13, For a more extensive discussion of the various special cases
in which a regression might pass the test for exogeneity on the independent
variable applied in this paper even though the regression did not in fact
represent a causal relation, see my earlier paper (1971).
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Table 1

TESTS FOR SIGNIFICANCE OF GROUPS OF COEFFICIENTS

Coefficients
which are zero
under null

INVESTMENT ON SALES REGRESSIONS

hypothesis Manufacturing Durables Nondurables

4 future

frequency-domain xZ(4) = 3.86 X2(4) = 5.13 X2(4) = 5.08

4 future

least-squares F(4,67) = .83 F(4,67) = .08 F(4,67) = 1.68
Current and

8 past

frequency -domain ¥Z(9) = 43.9%% x2(9) = 38.03%%  ,2(9) = 43.56%*
Current and

8 past

least—-squares F(9,71) = 4,97%% F(9,71) = 2.71%% F(9,71) = 4.91%%

Note: Frequency-domain statistics have only asymptotic justification.
Sample period for frequency-domain, 1947 1 - 1970 1V, for
least- squares, 1949 III -
sources and definitions.,

**%  Significant at .05 level

1969 1V,

See Appendix for data
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Table 2

TESTS FOR SIGNIFICANCE OF GROUPS OF COEFFICIENTS

Coefficients
which are zero
under null

SALES ON INVESTMENT

hypothesis Manufacturing Durables Nondurables

4 future

frequency-domain W (4) = 35.75%% x2(4) = 6.22 2 (4) = 44,01%%
4 future

least-squares F(4,67) = 3.51%* F(4,67) = 1.23 F(4,67) = 3,58%*

Current and
8 past

frequency-domain x°(9) = 27,54%* x2(9) = 16,04% %x2(9) = 16.35%
Current and

8 past

least-squares F(9,71) = 2.50%% F(9,71) = 4.86%% F(9,71) = 1.69

Note: See note to Table 1.

* Significant at .10 level

*%  Significant at .05 level
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Table 3

TESTS FOR DIFFERENCES IN COEFFICIENTS

1949 III - 1959 III VS, 1959 IV - 1969 IV

FOR INVESTMENT AND SALES REGRESSIONS

Manufacturing Durables Nondurables
Investment
on Sales F(11,60) = .59 F(11,60) = .64 F(11,60) = .77
Sales on
Investment F(15,52) = .70 F(15,52) =1,70% F(15,52) = .31
Note: See note to Table 1. For the investment on sales tests, the

tested equation includes only the current and eight past lags.
For sales on investment, four future lags were included as
well. Test applies to all coefficients in regression, in-
cluding constant and trend term, Null hypothesis is that all
coefficients are the same in the two subperiods.

* Significant at .10 level.
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Table 4

ESTIMATED LAG DISTRIBUTIONS FOR INVESTMENT ON SALES

Lag Coefficients
Manufacturing Durables Nondurables Nondurables
Least-Squares
8 -.0714 -.0795 -.0154 .2957
7 .1492 .0493 .0664 .8467
6 -.0037 -.0062 -.0147 .0520
5 .3599 .2145 . 2000 .9308
4 .3236 .2283 .1516 .7312
3 .2130 .2767 -.0312 .8883
2 L4407 .3726 . 2466 .9025
1 .6978 .3560 L4577 1.1818
0 .3098 L4067 .1042 L4253
-1 .0851 .0860 .0321 .2172
-2 -.0209 .1606 -.1161 ,0712
-3 -.1939 -.1178 -.1198 -.6848
-4 .0522 .0282 . 0649 -.0390
Standard
error of .124 .102 .085 .279 to
coefficients .311
Sum of
Coefficients
0 -8 2,42 1.818 1.165 6.254
Standard
error of
sum .089 .122 .169 ---
Note: See note to Table 1. Except for right-hand-most column, all

these lag distributions are from frequency-domain estimates.
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Table 5

TESTS FOR SIGNIFICANCE OF GROUPS OF COEFFICIENTS
LABOR VARIABLES ON SALES REGRESSIONS

Coefficients

which are zero

under null

hypothesis Manufacturing Durables Nondurables

Four future:

man-hours

on sales 51,23%% 24 ,61%% 3.22
employment

on sales 8.41% S -
workweek

on sales 26,97%% -—-- _———

Current and
eight past:

man-hours
on sales 88, 28%% 550, 23%*% 60, 77%*

employment
on sales 297, 4b%* -—-- _——

workweek
on sales 127.21%% .- _———

Note: See note to Table 1. Statistics shown have asymptotic chi-
squared distribution with degrees of freedom equal to number
of coefficients in group being tested.

*% Significant at ,05 level,

* Significant at .10 level.
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as already noted, in very close agreement,)

We could stop here, noting that employment demand functions which
treat sales as exogenous appear to be unjustifiable, were it not that
the reversed regressions of sales on labor inputs show an unexpected
pattern. In no case could significant groups of future coefficients
be found in the sales on labor regressions. And the reversed regression
of sales on employment does not show a significant time-shift. Lag
distributions for the relevant regressions appear in Charts V and VI
and test results are in Table 6.

If inventory holding costs are high, there is no difficulty in
explaining how sales could be determined by labor input, With high
inventory costs, producers will use price and promotion to insure that
sales and production remain in close correspondence. Deviations of
sales from production might then be dominated by overshoots and under-
shoots in marketing effort rather than by demand shifts. Hence the
deviations between sales and production would not feed back into pro-
duction decisions. If labor inputs and production are in very close
correspondence in the short run, labor would be exogenous to sales,1%
The essential parts of this argument are a) that deviations of sales
from production might not carry any information about demand shifts
and b) that labor inputs and production might correspond with very
small error in the short run. Thus measurement error in sales, large

relative to that in labor input, could also explain the results,

14, By "close correspondence" is meant a relationship which leaves
small residual error, though it may involve a lag distribution.
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Table 6

TESTS FOR SIGNIFICANCE OF GROUPS OF COEFFICIENTS

SALES ON LABOR REGRESSIONS

Coefficients

which are zero

under null

hypothesis Manufacturing Durables

Nondurables

Four future:

sales on
man-hours 4,15 7.51

sales on
employment .93 ---

sales on
workweek 6.50 ---

Current and
eight past:

sales on
man-hours 38.36%% 344, 28%%

sales on
employment 148.04%% ——-

sales on
workweek 121.08%% ---

5.43

24,93%%

Note: See note to Table 5.

*k Significant at .05 level., Statistics not
not significant even at .10 level.

so marked are
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