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Money Balances in the Production
Function: A Retrospective Look

Allen Sinai and Houston H. Stokes™

1. INFRODUCTION

Although a number of writers, such as Levhari and Patinkin (1968), Nadiri (1970, p.
1153, fn. ¥7) (1969, p. 175), and Bailey (1962, 1971), had developed theoretical models that
incorporated real money balances as a factor of production, empirical testing of whether real
balances are an input in the production function began with Sinai and Stokes (1972).! Since
that time, there has been a large number of papers concerning the best way to specify a
production function containing real balances. In this paper, we briefly survey the literature in
this area, formaily reply to some new papers, present some new results, and discuss possible new
ways to model the effects of developments in the financial sector on real cutput.

A major motivation of our research concerning real money balances as a Factor of
production is to attempt to capture the effects of changes in financial institutions on real output.
While our early work has focused on real balances, other work by Neuburger and Stokes (1974,
1975, 1976, 1978) has focused on the effect of changes in financial market efficiency on real
output. These papers were concerned with testing the important theories of Alexander
Gerschenkron (1962) regarding economic development and are related to the general question,
How do we model the effect of changes in the financial market on real output?

Unlike the markets for labor and capital, which in theory do not contain constraints, the
creation of the money supply is restricted by institutional and legal arrangements. The question
becomes, How optimum is the money supply? Presumably, the more optimum the money
supply, the greater the level of output because firms will optimally hold more real balances. We
next have to define and measure what we mean by “‘the optimum quantity of money.” Friedman
(1969, p. 34) has argued for one approach. In his words, “our final rule for the optimum
quantity of money is that it will be attained by a rate of price deflation that makes the nominal
rate of interest equal to zero.” In Friedman’s world, interest was paid to holders of money
balances. In the real world, a case can be made for arguing that the lower the nominal interest
rate, the more optimal the money supply, because the level of money demanded will be greater
and technology of production will shift to incorporate technology involving a less restricted
financial sector. The lower the interest rate, the less the impact of monetary restrictions on the
real economy. The implications of this approach are tested below when we add the nominal
interest rate to the production function as a shift parameter in models containing real balances
as an input and time as a shift parameter.

In conclusion, we argue that the development of the financial system is an important
determinant of economic growth. The empirical research to date has been concerned with
attempting to measure some aspects of this financial development. A major task of future
research will be to develop improved measures of the changes in the financial system over
time.
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2. LITERATURE SURVEY

Sinai-Stokes (1972) was the first paper to add real balances, defined as m1, m2 and m3, to
a production function for annual data for the United States from 1929 to 1967. The data on
labor, capital, and output were obtained from Christensen-Jorgenson (1969, 1970) and the data
on money was obtained from Friedman-Schwartz (1970). In this earty work, Sinai-Stokes
(1972) used second-order GLS to estimate a Cobb-Douglas production function containing real
balances. Sinai-Stokes (1973, 1977) replied to a number of critics. These incladed Niceoli
(1975}, who argued for investment in the production function rather than real balances; Prais
(19752, 1975b), who suggested that the results obtained in the Sinai-Stokes (1972) paper were
due to differencing the monetary variable, and Khan-Kouri (1975}, who supported our findings
with the estimation of a simultaneous equations model. Sinai-Stokes (1975) raised some
questions concerning a number of problems in Khan-Kouri {1975) that include making capital
and labor exogenous and the form of the money demand equation used. Ben-Zion and Ruttan
(1975) provided a further comment on our work. They proposed an alternative specification of
the production function that contained real balances as an input and the percent change in real
balances as a shift parameter. Their finding was that the “rates of change in the real money
supply seem to have stronger and more significant effects than the level of real balances. This is
clearly consistent with the induced innovation approach, but not with the production
approach.” Sinai-Stokes (1975) had problems replicating their finding empirically and
theoretical problems with their interpretation of the specification used.

Additional theoretical work in the early 70s included Pierson (1972), who argued for a
more broad definition of the monetary aggregate used, and Moroney (1972) who argued that
“it may seem justifiable to include real balances as an input of an aggregate production
function” but commented, “the sources of the productivity of money are not clearly enough
exposed.” Fisher (1974) argued that there was a “well defined sense in which real balances may
be said to be a factor of production” but that there were problems in estimating a production
function containing real balances because real balances might not be “an adequate index of the
resources used in transacting.” In his view, this was “unlikely . . . if there is technical progress in
transactions which is not explicitly modelled.”

Further empirical evidence concerning the role of real balances in the production function
included an important paper by Short (1979) using revised input data. This work used the more
general translog production function to find evidence for real balances in the production
function when the model had been corrected for any possible simultaneity bias. We view this
work as more comprehensive than that of Khan-Kouri (1975). Additional simultanecus
equations results were provided by Butterfield (1975), who found real balances were a
significant input in a Diewert gencralized Leontief production function. Later work on the
original Sinai-Stokes (1972) data included Subrahmanyam (1980), who developed a translog
production function model for the period 1947-1967 and found evidence for real balances. In
related work, Simos (1981) studied the problem using further revisions of the data over the
period 19291972 and the translog production function. His major finding was “rejection of the
hypothesis that the hardware relation between capital and labor is independent of the level of
real balances.” Further findings were that “real money balances are substitutes for capital but
complements with labor,” and that “real money balances do contribute to the aggregate supply.
Thus the theoretical and empirical foundations of existing models should be carefully
re-examined.” The above works support the assertion that real balances are a significant input
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in alternative production functions that have been corrected for possible simultaniety
problems.

Boyes-Kavanaugh (1979) argued for the CES form of the production function in place of
the Cobb-Douglas form used by Sinai-Stokes (1972). Sinai-Stokes (1981b) argued that
Bo.yes-Kavanaugh (1979) mistakenly estimated their CES model conditionally and assumed
unity of the constant. Sinai-Stokes (1981b) estimated a CES model, using nonlinear methods
\a_rlth. and without time and with and without GLS corrections, and found real balances were a
significant input in the production function. In addition, new data containing quarterly data on
the -nonﬁnancial corporate sector 1953:1 to 1977:3 was used to show that real balances
significantly enter a Cobb-Douglas production function in which real balances were defined as
m 1, .m2 and FA (real financial assets held by nonfinancial corporations), respectively. In
Smal-.Stokes (1981a), Japanese data were used to estimate an aggregate production function
containing Ia_bor, capital, and real balances for annual data in the period 1952—1968. Real
balances were found to be a significant input in the production function and, in this paper, we
extend the results of Nguyen (1986) who argued for subperiod effects using a new data se;iﬁs.
No evidence was found for entering real balances as a shift parameter, as was suggested by
Morcney (1972).

The above research supports the addition of real balances in an aggregate production
function to capture the effect of the financial sector on real output. In related research
Neuburger-Stokes (1975, 1976, 1978) tested the important insights® of Gerschenkron (19625
on the effect of changes in the financial system on output. Gerschenkron’s (1962, p. 46)
hypothe;sis was that the backward countries that experience successful industrialization do so
by making industrial substitutions that enable them to compensate for their initial deficiencies
of pro@uctive inputs. Neuburger-Stokes (1974) chose to investigate the role of the Credit Banks
(Kreditbaken) in Germany in the period 1883-1913. Over this period, the influence of the
C_redit Banks on certain industrial sectors was growing. This was typified by 1905 when the
eight major Credit Banks’ influence on industry had grown to 819 directors of industrial firms.
The German financial system involved a system in which the Credit Banks made long-term
lqans at short-term rates to those industrial firms on which they had influence in the form of
directors. The net effect of this institutional arrangement was to bias the capital market toward
the favored firms by giving them long-term loans at short-term rates. A measure of this bias was
current account credit extended by banks in this manner (CA) divided by total credit extended
by .bank.s for productive purposes (MB). Neuburger-Stokes (1974) chose to model this effect by
estimating a production function containing labor (L) and capital (K) as inputs, and time (V, )
and various Jags of (CA/MB) as V,, .. ., V, of the form

2.1 Q = Ae'L*K?%
where
2.2 8=V +mV, + - e+, V.

If there was a negative effect on output arising from the bias in the financial market (as
measured by CA/MB), some of the values of g, - - - u, would be negatively significant.
Neuburger-Stokes (1974) found such effects for Germany. It should be noted that Gerschen-
kron argued for positive effects, and in his analysis neglected the dead weight Joss to the
economy of a discriminatory capital market. Neuburger-Stokes (1975) tested basically the
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same mode! for Japan in the period 1952-1968. Here the negative effects found for Germany
were not observed. In the Japanese model, the level of imported technology was explicitly
modelled as an additional shift parameter. Neuburger-Stokes (1975) argue that Japan allowed
the banking system to obtain influence on certain industries, and rationed the importing of
technology to counter the output loss associated with the bias in the capital market.

This brief literature survey is intended to outline some of the research into the effect on
real output of changes in the financial sector. It is clear that an aggregate production function
just containing labor and capital is misspecified. The above research supports the hypothesis
that changes in the financial sector have a significant impact on real output. What is less clear is
the best way to model these changes. In the next section, we extend the works of Nguyen

(1986).2

3. EXTENSION OF WORK OF NGUYEN

Unlike many of the other writers who have used the original Sinai-Stokes (1972} dataset,
Nguyen (1986) uses more recent data {1930-1978). His paper argues that in some subperiods,
real balances were not significant in the production function and that the correct specification
of the model should be

3.1 nQ-InA+®+T(ém/mt + alnL + BIn K + rlnm + u.

where (dm/m) = (m, — m,_,)/m, Specifically, while Nguyen finds real balances are signifi-
cant in the period 1930-1967, in the period 1947-1967, he finds that “money, either as m1i or
m2, is not statistically significant in regressions with or without the time trend.” In the more
recent period 1947-1978, m2 is only significant in models without the trend. Although it is
possible that in the period 1929-1967, the financial system may have changed in ways not
captured by m1 or m2 and time, the subperiods 19471967 and 1947-1978 contain only 21 and
32 observations, respectively, which may not be sufficient for models with six independent
variables. We have obtained Nguyen’s data® and have estimated models for the period
1930-1978 to investigate the complete period. These results are listed in Table 1. Equations 1
and 3 show models that do not contain time and that have significant valaes for m1 and m2 of
9.11 and 5.91, respectively. Equations 2 and 4 contain time and real balances and show
significant values for m1 and m2 of 3.51 and 2.93, respectively. In fact, the levels of significance
for the real balances variable in equations 1-4 are larger than in the original Sinai-Stokes
(1972) dataset. Table 1 uses SAS PROC AUTOREG, which uses maximum likelihood
estimation of a second-order GLS model in which the autoregressive parameters are estimated
jointly with the coefficients.

Using recursive residual methods developed by Brown-Durbin-Evafs (1975) and Dufour
(1982) and available in B34S (Stokes [1989]), stability tests were performed on equations 1-4.
These include the CUSUMSQ and Quandt likelihood ratio tests and plots and lists of the
recursive coefficients and the recursive residual.* Although there is some indicated instability,
there is no significant evidence that there was a structural shift in the complete period.
However, the recursive OLS coefficients® for equations 1-4, which are listed in Tables 2-5, give
an indication of possible changes in the structure of the economy.

Tables 2 and 4 show models that do not contain time, while Tables 3 and 5 show models
that do contain time. What is remarkable is that in the models that do not contain time, the
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TABLE 1
Estimates of the Parameters of the Cobb-Douglas Production Function With Real Money
Balances and With and Without Time 1930-1978.

nQ=LnA+®t+alnL +3mK+slnm+ 0o

_ 1 2 k! 4
With ml ml,t m2 m2, t
InA -3.29 -16.74 -3.20 —24.33
(-10.98) (—1.82) {—8.53) {(—2.75)
P 0076 0120
(1.47) (2.39)
o 8336 8180 ..9132 8533
(8.99) (8.83) (10.02) (9.28)
i 4929 3289 3063 1040
(11.36) (2.66) {4.33) (1.11)
T .3436 2545 3936 2577
[CARH) (3.51) (5.91) (2.93)
AR (1) — 9367 —.9363 —1.141 - 1.088
(~6.26) {—6.02) (-7.27) {—7.01)
AR() 2697 3283 3210 3764
(1.82) {2.19) (2.14) (2.46)
az+,6+7 1.670 1.399 1.613 1.217
RZ 988 999 998 984
R?(OLS) 996 997 993 996
SSE 0230 0228 0242 0233
$SE (OLS) 0348 0330 0481 . .0381
DW 1.89 1.91 1.9t 1.93

t scores have been listed in parentheses. Ali calculations have baen made with SAS (1984) ETS versi i
PROC AUTOREG with METHOD = ML and second-order GLS. Data were obiained(from }I\Iguyeneﬁlggéj)vltg;utsi]r?li
trend, 1930 = 19320. AR(1) and AR(2) are the autoregressive coefficients. R” — the coefficient of delermin-ation for
GLS2 equation. R* (OLS) ~ the coefficient of determination for OLS equation. SSE — standard error of estimate of
the GLS equation. SSE{OLS) = SSE for OLS equation. DW = Durbin Watson for GLS? equation.

coefficient on real balances is relatively stable. For example, in Table 2 the coefficient for real
balances is gradually increasing. From 1948 to 1978 it increased from .2509 to .3598. For Table
4, comparable numbers for m2 show the coefficient increasing from .2661 to .3899. Tables 3
and 5 show models for Inm! and Inm2 with time. In Table 3, the coefficient for real balances in
1948 was .2819; by 1966, it had fallen to .1380; and by 1978, it had risen again to .2451. In
Table 5, a similar pattern, although somewhat delayed, is seen for the coefficient for Inm? as it
moves from .2097 in 1948, to .0607 in 1975 and then rises to .1134 in 1978. In all tables, the
coeffictent for Ink was negative up untif around 1949, ,

It appears clear that there have been shifts in the structure of the economy that are not
captured fully by the variables in the equation. The relationship between real balances, which is
a proxy for the financial sector, and time, which is a proxy for technofogicﬁ! cl;ange is
chaggmg, although the change is not yet significant as measured by the CUSUMSQ) test. 'l:his
finding suggests that Nguyen’s attempt to reformulate the model {equation 3.1} is a useful

al_ppro&ch. We present an alternative approach, based on the optimum quantity of money
literature below.
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TABLE 2
Listing of Recursive Coefficients for Equation 1
Last Year LNL LNK LNM1 CONSTANT
1934. 1.552 -0.8502 1.121 —4.058
1935. 1.263 —0.4258 0.1663 —0.4172
1936. 1.249 —0.4243 0.1236 ~0.1581
1937. 1.212 —0.4208 0.8614E-01 0.1960
1938. 1.079 —0.1449 0.2764 —1.244
1939, 1.067 —0.1090 0.3024 —1.468
1940, 1.073 —0.1304 0.2890 —~1.337
1941, 1.076 ~0.1153 0.2966 —1.459
1942, 1.083 —{.6669E-01 0.3126 —1.814
1943. 1.084 —0.6932E-01 0.3113 —1.800
1944, 1.073 —0.5762E-01 0.3190 —1.831
1945, i.104 —-0.81537E-1 0.3037 —1.821
1946. 1.151 —0.1141 0.2649 —1.758
1947. 1.163 —0.2028 0.249%¢6 —-1.318
1948. 1,161 —-0.1902 0.2509 —1.371
1949. 1.075 —0.1661E-01 0.2784 —1.865
1950. 1.018 0.1448 0.2958 —2.415
1951. 1.005 0.2453 0.2976 ~2.847
1952, 0.9863 (.3026 0.3016 —3.043
1953, 0.9730 0.3403 0.3043 —3.166
1954, 0.9416 0.3806 0.3120 —3.220
1955, (9249 0.4136 0.3152 —3.302
1956. 0.9212 0.4264 0.3153 —3.345
1957. 0.9122 0.4415 0.3166 —3.373
1958. 0.8895 0.4623 0.3215 ~3.368
1959. 0.8837 0.4746 0.3220 ~3.397
1960. 0.8832 0.4833 0.3208 —3.433
1961, 0.8764 0.4941 0.3214 —3.450
1962. 0.5786 0.5049 0.3189 —3.505
1963, 0.8805 (.5135 0.3168 —3.549
1964. 0.8843 0.5214 0.3141] —3.600
1965. 0.8973 0.5254 0.3089 —-3.671
1966. 4.9102 0.5265 0.3040 ~3.,730
1967. 0.9092 0.5263 0.3045 —3.724
1968, 0.9046 0.5253 0.3063 —3.701
1969. 0,8867 0.524% 0.3129 ~3.625
1970. 0.8814 0.5189 0.3163 —3.579
i971. 0.8815 0.5141 0.3173 —-3.561
1972. 0.874% 0.5126 0.3201 -13.527
1973. 0.8559 (0.5144 0.3268 —3.456
1974, 0.8220 0.5160 0.3398 —3.326
1975. 0.8173 0.5111% 0.3438 -3.291
1976. (.8083 0.5119 0.3473 —3.259
1977. 0.7999 0.5135 4.3502 —3.232
1978. 0.7707 0.5206 0.3598 —3.141

Model estimated
Tabte 1.

with OLS, adding one observation at a time. For data sources and variable definitions, sce
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TABLE 3
Listing of Recursive Coeflicients for Equation 2
Last Year ENL LNK LNM1 YEAR CONSTANT
1935, 0.9144 —1.488 0.4826 -—0.5791E-01 117.4
1936. 1.073 —1.034 0.3745 ~0.3312E-01 66.82
1937. 1.163 —0.7406 0.2587 —0.1715E-01 34.47
1938. 1.126 —0.8875E-01 0.1732 0.6189E-02 -13.30
1939, 1.120 —0.5618E-01 0.1859 0.6661E-02 —~14.40
1940, 1125 —{.6308E-01 0.1751 0.6948E-02 - —14.90
1941, £.128 —0.4930E-01 0.1766 0.7202E-02 —15.49
1942, 1.148 0.5192E-02 0.1564 0.9144E-02 —19.54
1643, 1.128 0.3481E-02 0.1994 (.7043E-02 —15.54
1944. 1.082 ~0.1971E-01 0.2811 0.2772E-02 —7.266
1945. 1.097 —0.1622E-01 0.2619 0.3725E-02 —~9.128
1946, 1.145 —0.4840E-01 0.2229 0.3742E-02 ~9.099
1947, 1.16% —-0.2718 0.2091 —0.5018E-02 8.434
1948, 1.158 —0.1976 0.2819 —0.2392E-02 3.169
1949. i.084 —0.2746E-01 0.2589 0.E320E-02 —4.328
1950. 1.054 0.8690E-01 0.2315 0.4190E-02 —10.15
1951. 1.038 0.1420 0.2070 0.5877E-02 —13.61
1952, 1.047 0.1806 0.2024 0.6396E-02 —~14.72
1953, 1.039 0.2071 0.1998 0.6712E-02 —15.40
1954, 1.014 0.2366 0.2018 0.7014E-02 —16.00
1955. 1.003 0.2575 (¢.1985 0.7411E-02 - 106,79
1956. 1.002 0.2629 0.1959 0.7575E-02 —17.12
1957. 0.9979 0.2698 0.1937 0.7780E-02 —17.52
1958. 0.9828 0.2802 0.1931 0.8070E-02 —18.04
1959, 0.9828 0.2808 0.1881 0.8400E-02 —18.66
1960. 0.9836 0.2786 0.1835 (.8658E-02 —16.14
1961. 0.9857 0.2768 0.1786 0.8988E-02 —19.75
1962. 0.9943 0.2685 0.1675 0.9594E-02 —20.88
1963. 1.001 0.2627 0.1594 0.10603E-0t —-28.70
1964, 1.008 0.2573 0.1511 0.1045E-01 —22.50
1965, 1.020 0.2515 0.1428 0.[O78E-01 —23.12
1966. 1.029 0.2486 0.1380 0.1092E-01 —23.41
1967. 1.026 0.2485 0.1392 0.1090E-01 2137
1968. 1.023 0.2471 0.1404 0.1092E-01 —23.39
1969, 1.005 0.2467 0.1470 0.1092E-01 -23.31
1970. 1.002 0.2358 0.1466 0.1114E-01 ~23.67
1971. 1.004 0.2286 0.1458 0.1126E-01 —23.87
1972, 0.9982 0.2259 0.1476 0.1131E-0t 2392
1973. 0.9786 0.2283 0.1547 0.1129E-01 —~23.82
1974, 0.9433 0.2319 0.1691 0.1 121E-01 —23.54
1973, 0.9347 0.2343 0.1782 G.1090E-01 —22.95
1976. 0.5103 4.2517 0.1945 0.1028E-01 —~21.76
1977. 0.8770 0.2749 0.2142 (.9569E-02 —20.40
1978. 0.8186 0.312! 0.2451 0.8563E-02 —18.43

Model estimated with OLS, adding one observation at a time. For data sources and variable definitions, see

Table L.
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TABLE 4
Listing of Recursive Coefficients for Equation 3
Last Year LNL LNK LNM2 CONSTANT
—1.380 0.8548 0.2852
}ggg i;g; —0.5692 0.2435 0.3993E-01
1936. 1.211 ~3.5174 0.1930 0.1278
1937. 1.164 —0.4705 0.1750 0.2469
1938, 1.046 —0.3958 0.3750 —0.4132
1939, 1.030 -0.3832 G.4151 —0.5802
1940. 1.032 —~0.3861 0.4089 —{0.5483
1541. 1.050 —-0.3675 0.4328 ~0.8597
1942, 1.105 —0.3150 0.4523 —1.533
1943, 1.104 —0.3139 0.4536 —1.542
1944, 1.131 —-0.3281 0.4290 —~1.504
1945, 1.234 ~0.3721 0.3573 —1.529
1946. 1.317 -0.3936 0.2803 —1.520
1947, 1.324 —0.4666 0.2624 -1.110
1948. 1.321 —0.4272 0.2661 —1.302
1949, 1.232 —0.2045 0.3034 —2.081
1950. 1.188 ~0.1522E-0t 0.3197 —2.848
1951. 1.193 0.1107 0.3121 —3.468
1952. 1.180 0.1853 0.3138 —3.768
1953, 1.167 0.2293 0.3163 —3.930
1954, 1.132 0.2771 0.3273 -4.017
1955. 1.E15 0.3110 0.3317 —4.109
1956. 1.112 0.3250 0.3314 —4.157
1957. 1,192 0.3403 0.3333 —4,188
1958, £.079 0.3587 0.3405 —-4.182
1959. 1.072 0.3669 0.3423 —4.193
1960. 1.070 0.3723, 0.3424 —4.207
1961. 1.064 0.3778 0.3444 -4.207
1962, 1.059 (.3824 0.3459 -—4.210
1963. 1.057 0.3834 0.3464 —4.210
1964. 1056 0.3843 0.3470 -4.209
1963. 1.058 0.3824 0.3462 —4.206
1966. 1.059 0.377% (.3456 —4.189
1967, 1.070 0:3681 0.3412 —4.180
1968. 1.084 0.3575 0.3355 —-4.175
1969, 1.080 0.3470 0.3379 —4.110
1970. 1.096 0.3336 0.3329 —4.109
1971. 1.121 03218 0.3231 —4.148
1972, 1.134 0.3127 0.3178 —4.151
1973, 1.119 0.3065 0.3250 —4.065
1974. 1.083 0.2968 0.3390 —3.940
1975, 1.102 0.2855 0.3391 —3.934
[976. 1.095 0.2791 0.3439 —3.886
1977. 1.066 0.2761 (3.3575 --3.769
1978. 0.9944 0.2779 0.3899 —3.520

Model estimated with OLS adding one abservation at a time. For data sources and varizble definitions, see

Table 1.

MONEY BALANCES IN THE PRODUCTION FUNCTION 357
TABLE 5
Listing of Recursive Coefficients for Equation 4
Last Year ENL LNK LNM?2 YEAR CONSTANT
1935, 0.7978 -2.125 0.6175 —~0.6748E-01 138.9
i936. 1.022 —1.406 0.4744 —0.3457E-01 7110
1937, i.141 —0.9158 ¢.3199 —0.1502E-01 30.94
1938. 1.088 —0.2425 0.2623 0.5877E-02 —12.23
1939 1.084 ~0.2176 02716 0.6560E-02 —13.70
1940, [.086 —0.2205 0.2655" 0.6562E-02 —13.68
1941, 1111 —~0.1650 0.2394 0.8356E-02 -17.43
1942, 1.168 —0.3310E-01 0.1449 0.1282E-01 —26.59
1943, 1.153 -~ 0.4299E-01 0.1932 0.1160E-01 —24.34
[944. 1.E1S ~{.8882E-01 0.2770 0.9009E-02 —19.28
1945, 1,143 —0.6848E-01 0.2346 0.1026E-01 -21.77
1946, 1.206 —0.3933E-01 0.1417 0.1194E-01 —25.06
1947. 1.284 -0.3476 0.2062 0.4518E-02 —9.933
1943, 1.287 ~0.3616 0.2097 0.4197E-02 —9.280
1949, 1.214 —0.1904 0.1869 0.7407E-02 —15.8]
1950. 1.180 - 0.6839E-01 0.1594 0.9798E-02 —20.71
1951. 1.182 —0.6878E-(2 0.1334 0.1113E-01 —23.49
{952, 1173 .3319E-01 0.1256 0.1168E-01 ~24.66
1953, 1.165 0.5997E-01 0.1229 0.1196E-01 —25.26
1954, 1.140 0.8916E-01 0.1254 0.1228E-91 -25.90
1955. 1.127 0.1114 0.1246 0.1253E-01 ~26.42
1958, [.125 0.1169 0.1232 0.1262E-01 ~26.59
1957. 1.120 0.1241 0.1225 0.1272E-01 ~26.79
1958, 1.104 0.1351 0.1257 0.1284E-01 —27.00
1959, 1.100 0.1385 0.1257 0.1290E-01 -27.11
1960. 1.100 0.1384 0.1257 0.1290E-01 ~27.11
1961. 1.098 0.1399 0.1259 0.1293E-01 —27.17
1962, 1.095 0.1418 0.1261 0.1297E-01 —27.23
1963. 1.094 0.1431 0.1268 0.1296E-01 -27.23
1964. £.090 0.1463 0.1289 0.1293E-01 ~27.16
1965. 1.089 0.1472 0.1294 0.1291E-01 —27.13
1966. 1.090 0.1447 0.1281 0.1298E-01 —27.25
1967. 1.095 0.1336 0.1198 G.1336E-01 -27.92
1968. 1.102 0.1208 0.1095 0.1383E-01 ~28.76
1969. 1.100 0.1031 0.1002 0.1449F-01 —29.89
1970, 111 0.8438E-01 0.8723E-01 0.1509E-01 —30.95
1971, 1126 0.7046E-01 0.7448E-01 0.1554E-01 ~31.78
1972. 1132 0.5885E-01 0.6483E-01 0.1398E-01 —32.56
1973, 1.123 0.4761E-01 0.6143E-01 .1646E-01 -33.37
1974. 1.103 0.3095E-01 0.6388E-01 0.1702E-01 -34.26
1975. 111 0.1783E-01 0.6071E-01 0.1722E-01 —34.60
1976. 1.105 0.1021E-01 0.6315E-01 0.1734E-01 —34.77
1977, 1.078 0.5790E-02 0.7441E-01] 0.1743E-01 ~34.84
1978, 0.9992 0.1135E-01 0.1134 0.1721E-01 ~34.16

Model estimated with OLS, a

Table 1.

dding one cbservation at a time. For data sources and variable definitions, see
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4. ROLE OF THE FINANCIAL SECTOR ON OUTPUT

Although many writers such as Levhari-Patinkin (1968), Johnson (1969), Friedman
(1969}, and Bailey (1962, 1971}, argued for real balances in the production function, others,
such as Pierson {1972), Moroney (1972), and Fisher (1974), raised questions concerning what
was being measured by real balances. While Pierson (1972, p. 389) argued that the “appeal of
the theory that money belongs in the production function is that it offers a way for monetary
growth to affect the real variables in the system,” she later noted (p. 391-392) that “credit
should also be included. ...” Her main objection was that a production function model
containing real balances neglects “the effects of the credit system or a financial intermediary
system and thus claim too much for money.” Moroney (1972, p. 342) makes a similar point
arguing .. it may seem justifiable to include real balances as an input of an aggregate
production function. Yet by doing so [ think that the sources of the productivity of money are
not clearly enough exposed. It seems well worthwhile to consider them in more detail than is
suggested simply by including real balances as an ordinary input.” Fisher (1974, p. 531) while
commenting on Sinai-Stokes (1972) work, noted, “The question here is again whether real
balances are an adequate index of the resources used in transacting. This is unlikely . . . if there
is technical progress in transactions which is not explicitly modelled.”

While we concede the validity of the above points, the major objective of our 1972 paper
was to “test the hypothesis that real money balances have been mistakenly omitted from the
production function.” While our results “support the view that real money balances arc a
producer’s good,” in no way did we assert that the only way to model the effect of a
monetary/financial system on real output was to add real balances as an input in the production
function. While most researchers allude to the added output available from a more fully
developed financial system, there are a number of ways to model the effects of the financial
system on production. In our original paper we used m1, m2, and m3 as possible inputs, with the
full realization that the aggregation problem increases, the further the monetary measure
moves from high powered money. Rather than experimenting with other more aggregate
monetary measures, we now propose adding to the model an indirect indication of the degree of
optimality of the money supply or functioning of the financial system. We assume that a
financial system is more optimal, the less the restriction on monetary or credit creation. The
more optimal the financial system, the more the technology of production can shift to utilize the
financial system. Conversely, in a credit crunch situation when interest rates increase, the
production system is adversely impacted as credit is rationed. The problem now is to develop a
measure of the degree of optimality of the financial system.

Friedman (1969, p. 34) developed a measure for the degree of optimality of the money
supply. In his view, “our final rule for the optimum quantity of money is that it will be attained
by a rate of price deflation that makes the nominal interest rate equal to zero.”® As the money
supply approaches optimality, producers would presumably hold greater and greater levels of
real balances, and the production process would switch technology to use the financial system
more intensively.” We propose to test this hypothesis with the model

4.1 I Q - Ae* LK me,

where i — the interest rate and the other variables are defined as before. Equation 4.1 can be
estimated as

4.2 mQ=LnA +®t+Ti+alnl +fnK+7lnm+ u.
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Equation 4.2 adds the interest rate as an additional shift parameter. We have used the same
data and estimation procedure as in our 1972 paper to facilitate comparisons with our prior
work. For the interest rate, we have selected the AAA and BBB annual interest rate data from
Table C55 of the 1970 Economic Report of the President. The results of estimating 4.2 with
and without time are given in Tables 6 and 7 below. '

Equations 1, 6, 9, and 14 list results reported in Sinai-Stokes (1972, equations 4, 5, 8, and
9), and are repeated to facilitate comparisons. Different forms of equation 4.2 wil,I i;d;cate
whether the production function should contain real balances, real balances and a financial
sector _shift parameter, or just a financial sector shift parameter. All proposed functional forms
are estimated containing time or not containing time to test whether the proposed additions are
really a proxy for time. .

. Equations 2 and 3 contain models without time and with two forms of the financial market
shift p.arameter, one with the AAA rate, one with the BBB rate, In these equations, both the
financial market shift parameters I are significant (t scores of —2.94 and —2.53) an(i have the
expected negative sign. As interest rates fall, there is an increase in output, given the same level
of inputs. When time is added to these models, the results, which are reported in equations 10
and 11, show t scores of —1.98 and —1.79, respectively, for I'. In predictive power, these models
are comparable to the equations with only real balances. ’

Equations 4, 5, 7, and 8 contain both the financial market shift parameters and real

TABLE 6
Estimates of the Par?meters of the Cobb-Douglas Production Function With and Without the
Interest Rate a Shift Parameter and With and Without Real Money Balances 1929-1967.

InQ=LnA+Ti+albl +B8InK +7inm + v

' 1 2 3 4 5 6 7 8
With ml AAA BBB  ml,AAA ml, BBB m2  m2, AAA m2 BBB
InA ~3.022 —2.84 ~2.36 ~2.82 ~2.54 ~3.54 ~2.94 —2.46
1 (—11.44) (~819) (-5.50) (-8.53) (5.80)  (14.13) (875} (=560
I -.0333 -~.0I87  -.0l62  -.0i02 —0294 0197
(—2.94) (=253) (=122) (—1.35) (—265)  (—2.95)
@ 9454 1.052 1.025 9053 8206 1.092 5006 7722
(7.72) (8.27) (6.88) (6.79) (5.57)  (10.79) (7.08) (535
8 5850 6244 592 6395 6554 470 6257 6379
(10.12) (7.85) (7.5T) (8.44) (3.76) {9.55) (8.20) (8.56)
. 1716 1308 1505 214 1713 1991
(3.84) (2.30) (2.77) (3.52) (277 (3.22)
a+fr 1.702 1.676 1.617 1676 1.627 1.776 1.698 1.609
R’ 994 994 994 994 993 994 994 993
R{OLS) 995 995 996 995 995 995 996 996
SEE 03548 0350 0366 0348 0392 037 0356 0414
SEE (OLS) 03259 0315 0318 0316 0310 014 0308 0302
DW 1.43 1.52 1.46 1.38 1.35 1.33 147 1.34

t scores have been listed in parentheses. All calculations have been made with B34S (St i
itheses. okes [1989]) us
2r_1d-9rder GLS o be coml:'rarablc to Sinai-Stokes (1972, 1975, 1981). Data sources and variable de,ﬁn[ition 1i)stedl?§
Sinai-Stokes (1917'2). AAA isthe AAA bond rate. BBB is the BBB bond rate. mI, m2, and m3 are the real values of M1
3/1[2 anlé I\t/{3. l? =Oic1§usted coeﬂ‘iglent of determination for GLS2 equation. R? (OLS) = the adjusted coefficient of'
etermination for equation. SEE = standard error of estimate. SEE (OLS) = i =
Durbin-Watson for GLS? equation. (OL%) = SEE for OLS equation. DW -
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TABLE 7
Estimates of the Parameters of the Cobb-Douglas Production Function With and Without the
Interest Rate as a Shift Parameter and With and Without Real Money Balances
and With Time 1929-1967.

nQ-LonA+®+Ti+alnl+fK+rinm+u

9 10 11 12 13 14 i5 16
With mi AAA BBE  ml,AAA mi, BBR m2 m2, AAA m2, BBB
~2.27 -192 —1.53 ~2.16 ~1.91 —2.57 —2.47 -2.19

nA (—3.79) (=321}  (-236) (-3.54) (—2.86) (=373 (=352} (-292)

& 0058 0073 .0083 0053 0055 0065 0035 0025
(1.47) (1.86) (2.03) (1.32) (1.27) {1.58) (.76} (.50

r —0239 0138  -0133  —.0088 — 0263 - 0182
(—1.98) (-1.79) (—.99) (-1.12) (~2.23) (-2.55)

o 9662 1.028 9809 9238 .8502 1.100 5118 3003
(7.83) (8.29) (6.77) {(6.91) (5.71)  (106) (7.10) (5.39)

i 4278 4247 .3878 4903 5010 3233 .5343 5687
(3.68) (3.23) (2.93) {31.64) (3.61) (3.32) {3.80) (350

7 1267 .1005 1176 1325 .1405 1717
(2.46) {1.69) (2.02) (1.83) {1.94) (2.25

a+P+7 1.521 1.453 1.369 1.515 1.469 1.556 1.587 ;.;4;
R? 995 995 994 995 994 995 994 .936

R?(OLS) 995 993 996 9905 996 995 995 %,

SEE 0329 0333 0366 0332 0369 0332 0352 0399
SEE (OLS) 0325 0314 0307 0318 0309 0331 0312 .0;

DW 1.45 1.47 1.36 1.42 1.35 1.33 1.49 1.3

ve been listed in parentheses. All calculations have been made with BBA‘:-S_ {Stokes {_1 ?89}) using
2nd-$r3§?r§L];at§ be comparable it)o Sinai-Stokes (1972, 1975, 1981). Data sources and variable deﬁlillle)Il 1315?3;3/;11“
Sinai-Slokes“( 1972). AAA is the AAA bond rate. BBB is the BBB bond rate. m_i, m2, and m3 are tljlﬁ reﬁzvi)ifs;ﬁ th.;
M2, and M3.t = time trend, 1929 = 0, R? = adjusted coefficient of determination fqr GLS2 cquatloél. S(EE : _OLS
adjusted coefficient of determination for OLS equation. SEE = standard error of estimate. SEE (OLS) = or

equation. DW = Durbin-Watson for GLS2 equation.

balances, while equations 12, 13, 15, and 16 also contain time. The equatio:}s containing the
financial market shift parameter and m1, both with and without time (equathns 4,5,12, and
13) show no significance for the financial market shift parameter. The coefficient (r) for real
balances, defined as ml, is significant in all equations without time (see t of 2.30 anq 2..77 for
ml in equations 4 and 3, respectively). However, if time is added to these models con?ammg n.-nl,
real balances are only significant with the BBB interest rate {(see t of 2.02 for ‘m} in equation
13). However, in all models with real balances measured as m2 and th:f, financial market shift
parameler (see equations 7,8, 15, and 16), botk the real balances coefficient (see t of 2.77, 3.22,
1.94, and 2.25) and the financial market shift parameter (see t of —2.65, —2.95, —?.23, and
—~2.55) are significant whether or not time is in the model. These models are superior to the
models containing onty the real balances variable as measured by the OLS SEE. For example,
in models without time, for the OLS form of the model {equation 6) the S.EE was '.034. If the
financial market shift parameter is added, this SEE falls to .0308 ar?d .0302‘m equations 7 and §
respectively. In models containing time, the SEE for OLS (.0331) in equation 14 falls to .031.2,
and .0304 in equations 15 and 16 respectively, as AAA and BBB are usc?d as the ﬁna'ncm!
market shift variable, From this experiment, we conclude that there is evidence for using a
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financial market shift parameter to control for changes in production technology and real
balances in the production function when real balances are defined as m?2. The importance of
this experiment is that it indicates that there are substantial costs on real output of high interest
rates.® :

Our findings do not support the classical dichotomy that monetary variables have no effect
on the level of real output. These results are preliminary in that we have by design assumed
away simultaneity problems so as to be comparable to Sinai-Stokes (1972). Future work should
address these concerns with more recent data, alternative estimation methods, and different
measures for the monetary variable and the financial market shift variables,

5. CONCLUSION

We have surveyed the literature of real balances in the production function since
Sinai-Stokes (1972). Additional evidence supporting the basic contention that real balances
belong in the production function have been presented by Short (1979), Subrahmanyam (1980)
for the original data 1929-1967, Simos (1981} for newer data, Sinai-Stokes (1981a) for
Japanese data, Nguyen (1986) for the United States using still newer data, Yoo (1981) for
Canadian data and Sinai-Stokes (1981b) for disaggregate United States data. The discussion
has now moved beyond the question, “does real balances belong in the production function,” to
a detailed discussion of how to model the-effect of the financial sector on the real economy. In
related research, Neuburger-Stokes (1974, 1975) Jooked at the effect on real output of a
discriminatory capital market for Germany and Japan. The present paper builds on this
research and on that of Eckstein-Sinai (1986) to argue that the effect of the degree of
optimality of the financial sector (as measured by the interest rate) is a significant shift
parameter in the production function. While this functional form may be improved on in future
work, what seems clear from the research to date is that an aggregate production function that
does not take into account the effects of the financial sector is not completely specified, We are
currently working on better measures to capture the functioning of the financial market and
possibly alternative specifications on how it should be entered into the production function.

NOTES

*Computer time for this paper was supplied by the Computer Center of the University of Nlinois at
Chicago. The authors thank Diana Stokes for editorial assistance. Any remaining errors are our
responsibility.

1. Sinai-Stokes (1972) footnote 1 contains general theoretical references. Moroney (1972) and Fisher
(1974) contain additional references not available in 1972,

2. Sylla (1977) provides a summary of this research.

3. We appreciate obtaining Nguyen's data to extend our work, The questions raised by the Jessen-
Kamath Bennett (1987) “Counterexample” are left aside for later separate consideration,

4. Detail on these tests have heen removed from the paper to conserve space and are available from the
authors. '

5. The recursive residual procedure works on OLS, not GLS models. Since serial correlation affects only
the standard errors of the coefficients and not the coefficients themselves, it is possible to use the
recursive OLS coefficients to detect changes in the structure of the madel as new observations are
added.

6. In this paper, we do not focus on how the interest rate was lowered.

7. If real balances are in the production function as an input, the assumption is that unless one of the shift
parameter variables moves, production will use more real balances relative to capital, using the same
technology as real balances increase. Nguyen’s model (equation 3.1}, which contained both money as
an input and the growth of money times time as a shift parameter, allowed for changes in technology if
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the growth rate of money changed. In our proposed model (see equation 4.1 below), technology will
change as the interest rate changes, or over time in those equations containing time.

8. Eckstein-Sinai (1986 p. 61) present a detailed discussion of the effects of changes in interest rates on
the economy. In their discussion, “the “flow of funds’ or ‘credit cycle’ can be divided into phases of
accumulation, developing financial instability or the precrunch period, crunch, and reliquefication. .. .
The crunch is characterized by extremely depressed liquidity, and deteriorated balance sheet positions
for households, corporations and financial institutions; sharply increased interest rates as all sectors
scramble for remaining available funds; . . . and the inability of many borrowers to obtain funds at any
cost.” In such a situation, it is likely that the production process would shifi into other ways to operate.
For this reason, we have argued for the interest rate as 2 shift parameter in the preduction function. A
related question concerns whether fo use the real or nominal interest rate to proxie for the financial
sector. Friedman (1959) was clear that the nominal interest rates should be used since the “optimum
guantity of money” related to money demand which is a function of the nominal interest rate not the
real interest rate. If the real interest rate was used a major problem would be calculating the expected
price series 10 form the real interest rate. In view of these problems, only the nominal interest rate was
used to proxie for the financial sector in this preliminary paper.
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