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NOTES

balances faster than individuals, money held by
individuals may play a more important role in in-
fluencing the aggregate demand.

Using the two components of money separately,
we can replace (1) by

mQ=mInA+alnL+BInK -4 8 InMp
+ & ImMe+NT+U (4)
where My and M, are the levels of real money held
by firms and consumers respectively.

Test B: According to the production factor ap-
proach, we expect: 8; > 6.
According to the induced innovation ap-
proach, we expect: &3 > §;.

The empirical tests to distinguish between the
two hypotheses that were suggested previously are
performed in the following section.

The Empirical Results

We estimated (3) for alternative values of #. The
results for » = 1 are given as an example.

InQ=—1.020 + .9917InL = .3346In K

(40) (7.8) (3.7)
+ 0086 T + .1109 In Mt—-l
(2.8) (2.5)
+ 0.4307(AM/M),_,
(6.0)
RZ = 9966 D.W.=—1.44

where the numbers in parentheses are the ¢ values of
the coefficients.

The results clearly indicate that rates of change
in the real money supply seem to have stronger and
more significant effects than the level of real bal-
ances. This is clearly consistent with the induced
innovation approach, but not with the production
function approach.
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The results of (2) are given as follows:

InQ = —0.1988 -+ 0.69221n L
(2.8) (4.7)
+ 0.5896In K — 0.0223In Mp
(4.3) (0.2)
+ 0.2106 In M -+ 0.0018 T.
(3.7) (0.4)
R =098 DW.=1.03

The results indicate that the real money balances
held by firms seem to have no significant effect on
output. The level of money held by consumers re-
tains its significance. These results are again con-
sistent with induced innovation approach but not
with the production factor approach.

Summary and Conclusion

The main conclusion of this paper is that money
as a factor of demand seems to play an important
role in explaining “induced technological changes.”
The results, however, do not support the initially
strong conclusion of Sinai and Stokes that money is
an important “omitted input” in the aggregate pro-
duction function.
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REAL MONEY BALANCES: AN OMITTED VARIABLE FROM
THE PRODUCTION FUNCTION? —A REPLY

Allen Sinai and Houston H. Stokes*

I. Introduction

The comments by Ben-Zion and Ruttan (1975),
Khan-Kouri (1975), Niccoli (1975), and Prais

Received for publication February 26, 1975, accepted for
publication March 3, 1975.
* We are grateful to Otto Eckstein and Gary Fromm for

(1975) are concerned with different aspects of our
earlier work, so we address each separately. The
main arguments of these authors are faulty; either
because of inadequacies in approach, evidence, or
theory. We submit that the evidence for the role of

helpful comments. Any remaining errors are the sole respon-

sibility of the authors.
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real money balances in production remains sus-
tained.

We answer the comments in reverse alphabetical
order, taking first Prais, then Niccoli, Khan and
Kouri, and finally Ben-Zion and Ruttan.

II. The Comment by Prais

Prais (1975) contends that the significance of
real money balances “. . . was not achieved by re-
gressing the original variables but only after sub-
jecting the data to second order autocorrelation
transformation. The regression on the original vari-
ables in fact indicates that the money variables are
not significant (italics ours) but that the error term
is autocorrelated.” Prais continues, “It is therefore
only by transforming the data that money balances
appear significant.”

These statements are contradicted by the evidence
as can be seen in table 1, where we present the un-

TABLE 1.— EsTiMATES oF THE CoBB-DOUGLAS PrODUCTION
FuNcTIoN WITH AND WITHOUT REAL MONEY BALANCES,
1929-1967
No CORRELATION FOR SERIAL CORRELATION

InQ=lnAd+amlmL+B8InK+vyInm+u

Equation Number
1) (2) 3) (4)
ml m2 m3

In 4 —3.938 —3.449 —3.852 —4.003
(.237) (.301) (.236) (.239)
(] 1.451 1.155 1.295 1.368
(.083) (.145) (.122) (.102)
B 384 .501 415 389
(.048) (.066) (.050) (.048)
Y 111 116 090
(.046) (.067) (.065)
a+ B+ 1.835 1.767 1.826 1.847
R2 9946 .9954 .9951 .9949
S.E.E. .0347 0326 0338 0343
D.W. .86 73 73 7

In QO = natural log gross private domestic product, quantity index.
In L = natural log private domestic labor input, quantity index. In K =
natural log private domestic capital input, quantity index. In m = na-
tural log real money balances, ml, m2, m3. Standard errors of regres-

sion coefficients in parentheses. R2 = adjusted coefficient of multiple
determination. S.E.E.=standard error of estimate. D.W.= Durbin-
Watson statistic.

corrected (for serial correlation) estimates of the
Cobb-Douglas production function with real money
balances.!

The regression coefficients for m1 and m2 are sta-
tistically significant at the 2.5% and 5% levels,
respectively, for a one-tailed test to the right. Only
the coefficient of m3, with a ¢-value of 1.39, was not
significant at any of the usual levels of confidence.

1 See Sinai and Stokes (1972, p. 292) for the results after
a correction for autocorrelation. Also see footnotes 6 and
11, p. 292.
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Prais then argues “The transformation of the
variables introduces lagged values of all the vari-
ables into the specification and the resulting esti-
mates may be due to these variables directly rather
than to the autocorrelation specification of the error
term.” A test developed by Sargan (1964) and ap-
plied by Hendry (1973) (1974) is used to reject a
null hypothesis of autocorrelated errors versus the
alternative of including lagged values of the vari-
ables in the specification. Prais adds lagged values
of real money balances to one of our relations and
uses the results to reinterpret the role of money in
the production function.

There are several errors in this approach. First,
the test Prais employed assumes a first order auto-
regressive process in the residuals, although in our
work we used a second order serial correlation speci-
fication to correct for the autocorrelation.? There-
fore, the result of the test does not apply.

Second, even if an appropriate test for misspecifi-
cation had been performed, the Prais results do not
indicate that the specification error is corrected by
the lagged variable alternative. Although the result-
ing D.W. statistics fall within the indeterminate
range, the more powerful BLUS test for serial cor-
relation, suggested by Theil (1971, chapter 35),
shows that the hypothesis of no positive serial cor-
relation must be rejected in the Prais equations with
lagged real money balances.? If the lagged variables
hypothesis were correct, such a specification should
have removed the autocorrelation of the residuals.*

Finally, even if Prais’ regressions were acceptable,
her interpretation of them is incorrect. She asserts
that the results ‘“clearly” show the change in real
balances, “M = M; — M;_,,” not the level of real
balances, to be the variable involved. Forgetting her
error in describing In M; —In M;_, as a change
rather than the growth of real balances, the validity
of her claim requires that the absolute values of

2 See Hendry (1973, 1974) and Sargan (1964, pp. 25-27).
It is surprising that Prais does not present the details of the
test’s application in view of the alleged importance of the
results to her subsequent argument. Given our inability to
reproduce even the regressions that are reported, we remain
skeptical.

8 The modified Von Neumann ratios are 1.207, 1.177, and
1.366, respectively, for the Prais regressions with lagged
real money balances. The null hypothesis of no serial
correlation is rejected in favor of positive autocorrelation
at the 1% level of significance in the first two cases and at
the 5% level in the last. The base used for the BLUS
transformation minimized the expected sum of BLUS errors.

41In contrast, after reestimating our original equations
with a second order GLS procedure, the modified Von
Neumann ratios from Theil’s BLUS test showed no presence
of autocorrelation. The figures were 1.58, 1.47, 1.33, 1.30,
1.38, 1.30, 1.38 and 1.41 for equations (3) to (10), respec-
tively, in Sinai and Stokes (1972, pp. 292-293).
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the coefficients for In M; and In M;_; be equal.
But her results show no such equality.® Also, in
two of her three regressions the sum of the coeffi-
cients for real balances is negative, a result that is
unacceptable on a priori grounds regardless of how
the basic regression is interpreted.

III. The Comment by Niccoli

Niccoli gives two reasons why our evidence for
real balances as a factor input is defective. First,
real money balances enter the production function
“mainly as a proxy for current investment” and
second, “some of the estimated coefficients are un-
stable, being different over tight and loose money
years.” Niccoli then presents the empirical results,
(tables 1 and 2), that support his views.

In Niccoli’s tables, the sequence of regressions
does show that the current investment variable is
responsible for rendering the coefficient of real bal-
ances negative and insignificant. But what is the
sense of this result and of the equation specification
that produced it?

Since current investment is more highly corre-
lated with output (» = 0.9756) than are money
balances (» = 0.6996), and I, m are highly corre-
lated with each other (» = 0.7926), it is not sur-
prising that real balances drop out when current
investment is added to the equation. Almost any
variable with similar correlative properties could
give the same result.® Furthermore, the presence of
current / and end-of-period K in the same equation
makes little sense and has unknown statistical ef-
fects, although one result was the unreported (by
Niccoli) implausibly low coefficients of 0.207 and
0.189, respectively, for capital and labor. Once the
statistical double-counting of capital is eliminated,
as in Niccoli’s equation (3), the coefficient of real
money balances again became statistically signifi-
cant.

The theoretical content of the Niccoli equations
is elusive. Does he really mean to argue that current
investment belongs in the production function in-
stead of real money balances? If so, why are lagged
values of investment also included, some entering
with negative and insignificant coefficients? Al-
though controversial, at least there is a substantial
volume of literature that justifies the presence of

5 Using a test for the difference between two means when
the population variance is unknown, the resulting ¢-values
are 1.96, 3.30 and 7.65 for the equations with M1, M2, and
M3, respectively.

6 We substituted the logarithm of real government ex-
penditures for investment in the Niccoli specification and
found that the coefficient of real money balances became
negative and insignificant.
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real balances in an aggregate production function.
We know of no work that hints, argues or attempts
to include values of current and lagged investment
as measures of productive inputs.

If Niccoli believes the relation between output
and money balances is spurious, essentially reflect-
ing an aggregate demand relation between output
and investment, then why are capital and labor
included in the specification? What meaningful un-
derlying structure would give a real sector equilib-
rium equation that contains the stocks of capital
and labor, is log linear, and omits government ex-
penditures as an explanatory variable? The presence
of statistically significant coefficients for capital and
labor and the nature of the functional form of the
equation identifies the production function. The ad-
dition of any category of expenditures creates a
meaningless regression.

Finally, Niccoli’s evidence on the instability of
the regression coefficient for real money balances is
faulty, hinging on a rather curious definition of
“tight” and “loose” money periods.” Niccoli selects
as tight money observations those years when the
current rate of growth in nominal money is less than
a weighted average of M1 growth rates for the pre-
vious four years. The weights are arbitrarily chosen
as 0.5333, 0.2667, 0.1333 and 0.066. By this crite-
rion, the resulting tight money periods are 1932,
1937, 1938, 1944 to 1949, 1953, 1954, 1956, 1957,
1960 and 1967, a total of 15 observations.

What puzzles us about these periods is that many
of them would not be classified as “tight” money
episodes by almost any other measure. For example,
the rates of growth for M1 were 17.6%, 16.3% and
9.5% in 1944, 1945 and 1946, hardly indicative of
tight money, but categorized as such because of the
comparison with “average” rates of M1 growth over
the previous four years® In 1967, M1 grew by
3.9%, a figure that is significantly greater than the
M1 growth rates in the ‘“loose” money periods of
1961 to 1964. The recession of 1953 to 1954 is
universally recognized as an easy money episode,
instead of tight money as Niccoli suggests. In addi-
tion, some ‘“loose” money years, such as 1956 and
1966, would be viewed as ‘“tight” by most observers.

7 Unfortunately, Niccoli does not indicate the nature of
the test for stability, nor does he determine whether the co-
efficient of real balances, labor, capital, or time was mainly
responsible for rejecting the null hypothesis. Furthermore,
for two of his three regressions in table 2, (5) and (6), the
null hypothesis was rejected at levels of significance, 10%
and 20%, that normally would be regarded as too low to
report. Thus, equation (4) would appear to be the only seri-
ous candidate for the structural instability hypothesis.

8 The years 1947 to 1949 are hard to characterize be-
cause of the constraints imposed on Federal Reserve policy
by the Treasury.
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Without including the six periods that are most
suspect, Niccoli would have had to estimate his
regressions with only nine observations, clearly an
impossible task in equations (5) and (6). Even in
equation (4), where five coefficients had to be esti-
mated, the resulting small sample would have made
the structural stability hypothesis untestable.?

Thus, we cannot accept the Niccoli charge that
our evidence was defective because of coefficient
instability as between “tight” and ‘“loose’” money
periods. His test for stability is inconclusive for two
of the three regressions, but more importantly, the
results may well depend on an arbitrary division of
the sample.

IV. The Comment by Khan and Kouri

Khan and Kouri estimate the effect of real cash
balances on production in a simultaneous equations
model. Their findings support our hypothesis that
money is a productive input. The only problem they
raise is the size of the regression coefficients for 142
and M3.

We recognized the possibility of simultaneity in
our original paper, but did not pursue the matter
because the correct specification of the underlying
structure was not readily apparent. Also, there were
numerous advantages to using the traditional Cobb-
Douglas framework.1®

Thus, we certainly agree that it is appropriate to
examine the role of real balances in a multi-equation
model; however, we do not think the Khan-Kouri
system is the correct framework. Khan and Kouri
use a conventional macro-economic demand for
money equation to close the model. If real money
balances are a factor input, the demand for it should
be derived similarly to the demand for capital or
labor services.!! Furthermore, Khan and Kouri as-
sume that capital and labor are exogenous. Since
capital and labor services are not the “maximum”
available in the economy, but result from producer
choices on stocks and utilization rates, an assump-
tion of endogeneity would be better.

Hence, if a simultaneous equations model is at-
tempted, it should contain the production function
and factor demand equations for capital, labor, and

9 Even if there were sufficient degrees of freedom, Niccoli’s
proposed test has a serious theoretical flow. The fact that
the elasticity of output with respect to an input changes as
market conditions vary from “easy” to “tight” is not a
valid reason for rejecting an input as a factor of production.
Producers will attempt to economize on the relatively more
expensive input. The resulting adjustment in production
alters the marginal products of all inputs.

10 See Sinai and Stokes (1972, p. 291).

11 See Nadiri (1969) for an example of this approach.

THE REVIEW OF ECONOMICS AND STATISTICS

money balances.!? The misspecified structure of
Khan-Kouri may very well account for the large
regression coefficients on money balances and the
surprisingly high marginal productivities that were
estimated. It is well-known that full-information
methods of estimation are consistent only under a
correct model specification.

A final problem is the omission by Khan and
Kouri of a measure of disembodied technological
change. The high coefficients on real balances may
have been due, in part, to omitting a time trend
from their specification. In every case, our results
showed that the coefficient of real money balances
was smaller when the production function was esti-
mated with a time trend. In fact, our single equation
estimates provide more plausible estimates of mar-
ginal productivities than Khan-Kouri, further sug-
gesting an incorrect specification of their model.!®

V. The Comment by Ben-Zion and Ruttan

Ben-Zion and Ruttan argue that a particular
theory of induced innovation “. . . suggests money
affects output and technological change as a demand
factor rather than as a factor of production.” Upon
close examination, however, it is not the theory of
induced innovation that suggests the Ben-Zion-
Ruttan hypothesis but the authors themselves,
through a conjectural line of reasoning between
their interpretation of the theory of induced innova-
tion and the hypothesis they put forward.

The theory of induced innovation is said to sug-
gest that “market conditions affect the demand for
innovation and the realized technological changes.”
Market conditions are implicitly equated with ag-
gregate demand or output and money is advanced
as a proxy for short-run fluctuations in aggregate
demand. The conclusion is that money affects output
and technological change as a demand factor thus is
quite a leap from the theory of induced innovation
initially cited.

Having provided a weak justification for their

12See Bodkin and Klein (1967) for a simultaneous
equations model in the case of two inputs.

13 Khan and Kouri are wrong in interpreting the coeffi-
cient for real balances as a marginal product. Rather, it is
the elasticity of output with respect to real balances. In
the sample period used by Khan-Kouri, the mean values of
real output and real balances, defined as M1 and M2, were
369.548, 137.061, and 195.718, respectively. Given the es-
timated regression coefficients, the implied marginal physical
product of real balances was 0.979 and 1.754 for M1 and
M2. Our corresponding estimates, in equations (4) and (5)
of table 1, in (Sinai and Stokes, 1972, p. 292) were 0.447
and 0.383. In equations (8) and (9) of table 2 where a time
trend was included (Sinai and Stokes, 1972, p. 293), the
marginal products for M1 and M2 were even lower, 0.330
and 0.238.
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hypothesis, Ben-Zion and Ruttan derive “appropri-
ate” tests to distinguish between their view and
ours. Friedman’s work (1971) is used to justify the
authors’ expectation, that “applied as a basis for the
first test . . . changes in the level of real money
balances (italics ours) would have a stronger influ-
ence on induced innovation than that of the level
itself.” But, Ben-Zion and Ruttan are clearly con-
fused as Friedman’s discussion is stated in terms of
nominal money and nominal income. Also, the au-
thors again confuse output, the dependent variable
in their equation, with induced innovation. The
presumed equality of the two concepts is highly
speculative.

Since equation (3) has no foundation in Fried-
man or anyone else, for that matter, it can hardly
serve as a ““. . . basic equation to distinguish” be-
tween the production factor and induced innovation
approaches. The empirical results that are reported
for equation (3) simply defy interpretation in terms
of the alternative approaches. The regression only
shows that current money growth shifts the produc-
tion function in a manner that is similar to disem-
bodied technical progress.!* In fact, Ben-Zion and
Ruttan never really test their main conclusion that
“. .. money as a factor of demand seems to play an
important role in explaining induced technological
changes.” Induced technological change does not
appear as a dependent variable in any equation.

The large and highly significant coefficient for the
rate of change in real money balances was probably
due to reverse causation between the logarithm of
output and the monetary growth variable, defined
as the current period’s percentage change in the
money stock. Thus, it is not surprising that last
period’s level of real balances exhibited a much
smaller effect on output than the current growth of
cash balances.

Ben-Zion and Ruttan justify a second test by
new, unsupported interpretations of the production
factor and induced innovation approaches. We never
claimed as part of our hypothesis that “. . . money
held by firms play a more important role in deter-
mining output than money held by individuals.”
We argued that “. . . the rationale for including real

14 Ben-Zion and Ruttan ignore the potential 18-month lag
in the effect of money on aggregate demand found by Fried-
man. Lags also exist between changes in market conditions
and innovations, hence an appropriate interpretation of the
induced innovation approach does not necessarily imply a
strong relation between current money growth and current
output.

A better test would be to estimate the production function
with lags in money balances entered as shift parameters.
However, when such a production function was estimated
for 1931-1967, the coefficients of the money variables were
negative and highly significant.
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balances in the production function relates, in part,
to the increased ‘economic efficiency’ of a monetary
economy compared to a barter economy.” This effi-
ciency is not due solely to real balances held by
firms, but to the total stock of real balances.

Further, there is no reason to infer that the
demand-induced innovation approach supposes
“, .. money held by individuals may play a more
important role in influencing the aggregate de-
mand.” On the contrary, this approach should be
consistent with a positive, significant relation be-
tween a firm’s cash balances and output, since
innovation can occur more quickly in business and
liquidity can be adjusted faster. The clear-cut infer-
ences from hypotheses to regression coefficients just
do not exist in Ben-Zion and Ruttan no matter what
story is woven.'®

15 Ben-Zion and Ruttan do not indicate the period of fit
for any regression. Qur efforts to duplicate their results,
for many different choices of period, were futile. The data
used in their second test must be regarded with some
skepticism, since the money series for consumers was
obtained as a residual.
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INTEREST RATE SEASONALITY AND THE SPECIFICATION OF MONEY
DEMAND FUNCTIONS

Raymond Lombra and Herbert M. Kaufman*

The discussions that have arisen in the extensive
investigations of the demand for money generally
have centered on the selection of an appropriate
constraint variable (e.g., permanent income, some
other measure of wealth, or current income) and
the choice between alternative short-term and long-
term interest rates.! While nearly all formulations
of the demand for money do include an interest rate,
an area of neglect in the empirical literature has
been the question of whether the interest rate vari-
able chosen should be adjusted to account for sea-
sonality. Traditionally, all included variables in the
demand function except the interest rate have been
seasonally adjusted.?

Equation (1) represents the general form of equa-
tions estimated by most empirical studies of the
demand for money.

M* = ay + a;V* 4+ aoR + uy
where
M = demand for real cash balances
Y — permanent income or non-human wealth
R — the short-term interest rate

and the asterisks denote that a seasonally adjusted
series is employed.? The short-term interest rate is

(1)

Received for publication April 9, 1973. Revision accepted
for publication March 14, 1974,

* The views expressed in this paper do not necessarily
reflect those of the Federal Reserve System. We would like to
thank Helen Farr, Teh-wei Hu, Michael Lovell, Richard
Marcis, William Poole, Richard Puckett, David Reaume, V.
Kerry Smith, Helmut Wendel and an anonymous referee
for helpful comments on earlier drafts of this paper. The
order in which our names appear implies nothing as to
seniority or relative responsibility for the present article.

1See Laidler (1969) for an extensive review of the litera-
ture on the demand for money.

21t is not evident that money demand researchers (con-
centrating on trend-cycle relations) tested for the appro-
priateness of using adjusted versus unadjusted data. With
regard to the interest rate variable it was probably assumed
that seasonal Federal Reserve actions mitigated against sea-
sonal patterns in the interest rate. On the other hand, ob-
servable seasonal movements in velocity (or similar evidence)
probably suggested the need to adjust income and money
stock data.

3 The function is usually estimated in this way because the

used to reflect the opportunity cost of holding cash
balances.*

The recent work by Diller (1969), Poole and
Lieberman (1972), and Smith and Marcis (1972)
has shown that the short-term interest rate is af-
fected by seasonal influences. Our work confirms this
finding for the three-month Treasury bill rate.® If
there are substantial seasonals in the demand for
funds due, for example, to tax dates and Christmas,
the absence of an offsetting seasonal in supply (i.e.,
seasonal Federal Reserve behavior) will generate a
seasonal in R. Given the identification of seasonals
in R some important questions are raised about the
inconsistent treatment of seasonality in formulations
like equation (1). Specifically, the failure of pre-
vious investigations to account for seasonality in the
interest rate, while doing so for the money stock
and other variables in the demand function, may
mean that the demand function has been misspeci-
fied and, therefore, the estimated interest elasticity
biased.®

In view of the evidence of seasonality in R and
on the simple grounds of specifying an internally
consistent function, equation (2) can be offered as

demand for money is assumed to be homogeneous in dollar
values, that is, there is no money illusion in cash balance
demand. Further, the equation is generally estimated in log-
linear form. See Zarembka (1968) for a discussion of this
functional form.

4 See Laidler (1969, pp. 82-83) for a brief discussion of the
rationale behind this choice of interest rates.

5 The interest rate series was adjusted multiplicatively by
the Census X-11 program, which uses a ratio-to-moving
average procedure to filter the regular seasonal components
(U.S. Department of Commerce, 1967). The seasonally ad-
justed series as well as the seasonal factors are available
from the authors on request. The estimated seasonal factors
show that, in general, the bill rate reaches a seasonal peak
in December, declines over the first half of the year, reaching
a seasonal low in July, and then rises through year end. The
substantial seasonality present is evidenced by the seasonal
factors which vary between 91 and 112 in some years.

6 Some researchers, possibly recognizing the problem de-
tailed above, have employed unadjusted data with stationary
seasonal dummy variables in their statistical analysis. Un-
fortunately, this technique does not allow for moving sea-
sonals or for shifting intensity of the seasonals.



