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HE economic experience of the United States
during the 1950s and 1960s provided an opportunity
to develop and test a number of hypotheses relating
to the performance of the macroeconomy. One such
hypothesis that received empirical support during this
period held that monetary actions, as measured by
movements in the monetary aggregates, have lasting
effects on only nominal variables. This proposition is
an important element in a body of thought called
“tri,,’

In contrast to the relative economic tranquility of
the l950s and 196Os, the decade of the 1970s was
marked by’ extensive experimentation with wage and
price controls, large supply shocks, proliferation of
government regulations, and worldwide inflation.
These events and developments prompted economists
to question whether or not the performance of the
United States economy during this period was con-
sistent with prior hypotheses relating to the lasting
impact of monetary actions. This article is addressed
to that question.

The article focuses on the magnitude of the re-
sponse of GNP, output, and the price level to changes
in the money stock, defined as currency plus private

1
For an extensive discussion of monetarism, see Thomas Mayer,
et. al., The Structure of Monetarisnr (New York: W. W.
Norton and Company, 1978).

checkable deposits.2 The magnitudes of these responses
are derived by estimating reduced form equations;
that is, equations in which observations of the rates
of change of economic variables are regressed on cur-
rent and lagged values of the rate of change of money
and other suitably chosen exogenous variables. The
sum of the coefficients on the money variable is in-
terpreted as a measure of the magnitude of response
during the sample period from which the observations
are drawn.8

THE QUMTITY EQUATION OF
EXCHANGE AND REDUCED FORMS

The underlying framework for the analysis is the
quantity equation of exchange. This equation is an
identity that states the value of all spending for goods
and services in two ways: the product of the stock
of money times its velocity of circulation, and the

Money, Inflation, and Economic Growth:
Some Updated Reduced Form Results
and Their Implications

2
The regressions were run before data were available for the
new definitions of the monetary aggregates. Data for “old”
MI were used, and ATS and NY NOW accounts were added
after 111/78.

~Whether or not this magnitude of response can be interpreted
statistically as a “long-mn” result depends on the length of
the lag relative to the number of observations in the sample
period. A reliable estimate of the long-run response of a
variable that adjusts quickly and completely to an exogenous
shock does not require as many observations as does a slowly
adjusting variable.
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price level times the quantity of aggregate output. In
symbols, this identity is:

(1) MV PX =

where

M = nominal money stock,

V = velocity of circulation,

P = price level,
= output, and

1’ = nominal GNP.

As an identity, the quantity equation of exchange
means little. When combined with assumptions re-
lating to the determination of the variables, however,
the equation assumes behavioral content. Writing the
equation in rate of change form, where each of the
variables is allowed to be influenced by money, yields
the following:

M P

(2) s(M,M)M + r(V,M)M + a E(P,M)M + b

k

+ E(X,M)M + C,

where S is the elasticity of the first variable in paren-
theses with respect to the second. A dot over a vari-
able indicates its compounded annual rate of change.
The constants, a, b, and c, represent the effect of non-
monetary influences on V, P, and X, respectively.

The total differential of equation 2 results in an
expression that relates the elasticities to each other:

(3) 1 + E(V,M) = r(P,M) + e(X,M),

or

(4) 1 + E(V,M) = E(Y,M).

Equations 3 and 4 indicate the constraints that must
be considered when attempting to estimate these
elasticity parameters. An estimate of either a ( V,M)
or a(Y,M) implies the other. Given one of these
elasticities, only one of the remaining elasticities —

a(P,M) or a(X,M) — can be estimated. Alterna-
tively, estimates of a ( P,M) and a ( X,M) imply both
a(V,M) and a(Y,M).

The elasticity parameters and the constants in equa-
tion 2 can be estimated in a variety of ways. Reduced
form eqpations could be estimated for Y and P, Y
and X, P and X, V and P, or V and X. The choice
is arbitrary only if the error terms for each of these
reduced form equations have exactly the same serial
correlation properties.4 Monetarists researching the
4See Yash P. Mehra “An Empirical Note on Some Monetarist
Propositions,” Southern Economic Journal (July 1978), pp.
154-67.

U.S. economy have generally concentrated on ‘1 and
P, although not always in combination.5 Nelson re-
cently developed justification for this choice of var-
iables by testing the hypothesis that the structure of
the United States economy is recursive, with disturb-
ances from GNP flowing to the price level and not
the reverse.6 Consequently, this article focuses on re-
duced form estimates of Y and P.7

REDUCED FORM RESULTS

The empirical analysis of the impact of monetary
actions on GNP, output, and the price level uses
previous specifications by monetarists as a starting
point and modifies these specifications in light of the
experience of the 1970s.8 After the equations are sum-
marized and the variables are defined, the equations
are first estimated using data from 1955 through 1969.
They are then estimated with data from the 1970s.
Of primary interest is the stability of the relationships
when data from the 1970s are incorporated into the
estimates.

Specifications and Definitions of Variables

The CNP equation is specified as follows:

5 . 5
(5)Y=a~,+~ m,M-,+X e,E-,,

i=0 i=O

where

t = compounded annual rate of change of nom-
inal GNP,

M = compounded annual rate of change of Ml
(plus ATS deposits and NY NOW accounts
after 111/78), and

E = compounded annual rate of change of high
employment federal expenditures.

This equation is essentially the same as that estimated

5
For example, see Leonall C. Andersen and Keith M. Carlson,
‘A Monetarist Model for Economic Stabilization,” this Review
(April 1970), pp. 7-25, and William G. Dewald and Maurice
N. Marchon, ‘A Modified Federal Reserve Bank of St. Louis
Spending Eqpation for Canada, France, Germany, Italy, the
United Kingdom and the United States,” Kredit and Kapital
(1978), pp. 194-212.

OCharles li. Nelson, ‘Recursive Structure in U.S. Income,
Prices, and Ontput,” Journal of Political Economy (Decem-
ber 1979), pp. 1307-27.

~Additional justification for the Y-P combination is found in
Thomas A. Gittings, “A Linear Model of the Long-Run Neu-
trality of Money,” Staff Memoranda, Federal Reserve Bank
of Chicago (1979).

8
’l’he specifications summarized here are the “preferred” re-
sults of estimating a variety of specifications.
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Table 1
Estimates of Reduced Form Equations with Pre-1970 Data
(Sample Period: l/55-IV/69)1

GNP ccjuaFuu: t - 3575 -f- ~ma M i + Eez E
(3.557)

m .275 (1.613) e, .066 (1.14S)
In. .130 (5.02) c .070 (2.001)
In- .345 (3.ThG) e .024 (.861)
In. .139 (2.038) e .039 (1.678)

.067 (.837) —.086 (3.265)
—.154 (1.679) C. -.084 (2.788)

Em
1

.966 (4.054) Er, —.051 (.501)

IU .438: SE. 3.36]; arid 13W. .1.931.

Price equation. P — .019 + En
1

M i .030 (Pr - F) l M, (F, P
(.1331 (.509)

.042 (1.077) n, .062 (4.321) f, —.002 (.062)
ii .036 (1.305) It, .063 (1.133) f, .001 (.930)

.033 (1.8] 1) .068 (4.293) f_ .007 (.358)
a,. .032 (2.220) li~ .068 (1.011) t .007 (.38])

ii. .033 (2.316) air .067 (3.703) I. 005 ( 262)
.035 (2.309) a .063 ( 3411) f 003 (.119)

rI .039 (2.400) .057 (‘3.164) El .024 (.279)
013 (2.631) n,, .048 (2.953)

.04S (2.995) n,, .036 (2.777)

.053 (3.463) nu .020 (2.629)
ri,

0
.058 (3.954) En, 1.008 (7.420)

= .559 S.E. = 1.094; and 11W. = 1.996.

‘All polynomial distributed lags are third degree with tail constraint only; figures in paren-
theses are absolute values of t-statistics; a dot over a variable indicates compounded annual
rate of change.

by Andersen and Jordan in l968,~but modified so = wage and price control dummy,
that the coefficients are constrained on a third degree
polynomial distributed lag with t — 6 = o. = decontrol dummy,

The price equation is specified as follows: = compounded annual rate of change of the
food deflator,

20~
(6) P = b

0
+ b,D, + b

2
D, + b~(P~- P) +. ~ ~i,M-, M = compounded annual rate of change of Ml

- . (plus ATS deposits and NY NOW accounts
+ (Pr — F)-,, after 111/78), and

where = compounded annual rate of change of pro-
ducer prices for fuels, related products, and

P = compounded annual rate of change of the power.
GNP deflator,

°Leonall C. Andersen and Jerry L. Jordan, “Monetary and This specification builds on one developed by Kar-
Fiscal Actions: - A Test of Their Relative Importance in nosky except that it introduces variables designed to
Economic Stabilization, this Review (November 1968), pp.
11-24. capture the influence of nonmonetary shocks on the
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price level.10 The polynomial distributed lag is third With the sum of the coefficients on high employment
degree for both money and energy prices with con- expenditures not significantly different from zero, the
straints of t — 21 = 0 and t — 6 = 0, respectively, constant term was an estimate of the trend growth of

velocity. Based on these estlinates, the equilibrium

growth rate of GNP during the 1955-69 period was
Resuits (Jszu” Pre-197O Dataa equal to the growth rate of money plus the trend rate

Table 1 summarizes the estimated equations using of change of velocity.
data prior to the onset of the shocks of the 1970s. According to the estimated price equation the rate
For the l9~5-69 period GNP was dominated by

of change of the price level was also dominated bymovements m the money stock, and the adjustment to
the wowtli rate of the money stock in the 19u5-69these changes was essentially complete after five

- - . penod. Other factors, namely food and energy prices
quarters. The elasticity of GM’ with respect to the . . . . -were not significant in explaining overall price move-
money stock, as measured by the sum of the coeffi- -

- . . - ments dunn~this penod, thus confinmn~Karnosky scients on money, was not significantly different from
estimate for essentially the same period. The pattern

one at the 5 percent level and implied that the elas- .

of the estimated coefficients indicated that prices ad-
ticity of velocity with respect to money was zero.

)ust to a monetary shock very slowly, but the total

iODenisS. ICamosk’. “The Link Between Money and Prices = effect after 20 quarters was an elasticity of the price
1971-76,” this Ri uw (June 1976), ~. 17-23. level equal to one. Since neither the constant term

Table 2
Estimates of the GNP Equation’

Y - ao -r- Lint M -— LeE i

1/55-IV/69 L/70-I~/79 1J35-1V179 - -

(cell t cmi,a:2 II. t (ma, — CanAl. t Curs,.
2

.275 1633 275 .637 2.358 157 .W. 2968 .107

in .430 5062 .704 ~7fl 2.279 1033 4o7 3311 815

n. .345 1% 1.049 .11 I 956 1.201 282 3271 I 0%

rn .13) 2.038 1187 .03) 243 1.232 .10! 1.Th2 1200

Till - 067 .b37 1.120 —.0-lU .242 L1~ .052 .~2 1.145

ni 131 1(7’) .466 .019 .282 1.1-It —UI 1.4.15 1037

Emi .966 1.054 1.111 2.350 1.0,7 6.115

.1 1 I 48 016 .0:39 .541 039 .1)53 1.211 .05-3

.070 2.001 I ‘6 .065 1.0-11 .106 .053 1.805 .107

e. .024 .661 .159 .079 1.245 .023 .Th~ .130

.039 1.678 .120 076 1.401 261 --02! 1.008 109

,.265 .o~ .060 1067 .321 — oS-I 2203 .036

084 2 768 .05! 134 627 .33.9 031 21)64 00!

Eu .051 .561 .355 1.613 001 014
57~ .3.557 -1 976 .262 3 15’) 3.1-37

11 .433 .272 .410

S E. ~3.361 3.931 3.820

13W. 1934 2331 192’!

AD pub Tioniaal .IistiihuWd lag an third Li a ~~itli tail a: in. t’ tin ill is: — t.Iti-Iia Lit’ .~I..siil,stt’~a]iin a iltit U’ CF d ~dIi
,ibIc india ate~ u,,puijiiled al,1,l..iI )att nI tba~agt

~\niuher’. a,e the uuaitlati’r sinai of ~ut1fiLit,ila.
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Table 3
Estimates of the Price Equation1

I’ 1... , UI) I)!). Ii :1’, l’l - 1 ,s,U i 1, 1’

I/55-IV/69 1/70-I V/79 1/53 IV/79

~_tit’II. C ‘n’,’’ Cuc 1 1 C un,.’ (‘it-I) I UnTo

.0-12 1.077 .1112 .050 1.087 .036 .061 [4139 .061

ii .036 ‘365 078 .057 2.18.3 .1 1.3 CR34 .0110 .125

.033 1.811 .112 liD 3.093 .253 .067 4360 192

i .032 2220 I-lI .1213 3.419 .379 .065 5.300 .260

.0:3:3 2:318 77 ‘31 :3322 .513 .069 5303 :329

rt .035 2.309 .212 , ‘7 3 076 630 .069 ‘1.967 :397

cr39 2.400 .2.31 ‘I 2.794 .784 .0118 1.717 .165

ii- .013 2,6,1 ~LL9 .127 2.305 .910 .066 4.1.25 .5.3!

.015 29~3 .Th :111 2.211 I 026 .064 1.66.5 .596

.03:3 3-16.3 .33313 102 1.409 1.128 .06! 1.790 .657

.05.3 :3,934 15-I .086 1,60(1 1.215 .035 ‘1.889 .715

ii, .062 4.321 .316 069 [281 1.281 .034 1.806 .770

.063 44.3:3 552 P32 .967 1:333 .030 ‘1422 .520

1293 619 .031 .635 1.371) .046 :3804 .866

ia, .068 4.0)4 717 .018 ‘3.53 I :3.35 .011 .3.1.39 .907

.067 3.70.3 .781 .004 .074 1.391 .036 2.55) ‘1-12

i.. .063 3.41-I .815 .003 .185 1.35.1 .0.30 2085 .972

.037 3.161 .903 017 119 1,366 .021 1.71.5 .996

.018 2.9.9.3 .933 .~2l lilT 1.3-13 .0)5 .131 1,015

1,.. .0:36 2.777 .989 020 .81! I. ~26 .0)2 1.208 I 027

is .020 2,624 I 008 01.3 .471 1.312 .006 1,030 1.033

1,005 7.120 1:312 1,706 1,03:3 11,159

1 .002 062 .002 .001 .000 .1101 .00.5 .903, .00.5

1. .004 .230 .0113 .019 3 190 019 .021 3.15! 03!

.007 .358 .009 .025 -1.195 .0-14 .026 5.10.5 .03.5

1 .007 .381 .016 .021 .3,916 .064 .020 4971 078

.005 .262 02! .012 1.835 .076 .011 2.179 .089

.Q03 .149 .02-I .003 323 .079 .002 .16

~ F, .024 .279 .079 :3.061 .09! 5.27.1

U. .019 .13.3 -1.522 .315 .018 .05~

-— — 2,19:3 3.487 2.256 :3$tJ
U, —— -— 1.655 1.816 .316 .407

- .030 .509 ,I:,0 1.5 3:3 1160 1.27.1

.559 .802 .819

~.E. 1.094 1.262 1.26.5

D.W. 1.996 2.180 1.7.35

UI pub ,,,uIoal thstnlmtvd b,~s ‘a’ third degiet ‘~itl, tail C til, tranit n,,h I -,I.tn’,tt’’, ,I.i’ aI,,nInt, .tlnt’—._,d,,aa,ta” a ‘a’ I
aide ,n,Ii,’att-,, t,,,n~’.nm.d,’t,an.nlaI rate nI c’Ii.ai.gt’: I), ,t~dI). an’ ~sagt: ai,il j.rit’t’ toni,’,,! ,u,d dec (Intl-i,! c!,no:,,i,’.~,it-—lit, 1k tb

art. tin c’litrnIaiise ~un ul ,‘uelhi’ic’iits.
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nor the effect of nonmonetary shocks were significantly
different from zero, the equilibrium rate of change of
the price level during this sample period was equal
to the rate of monetary growth.

These two estimated equations implied that the
equilibrium rate of output growth was independent
of the rate of monetary expansion during the 1955-69
period. This implication was derived from an exami-
nation of the elasticity estimates in conjunction with
equations 3 and 4; E(Y,M) = 1 and a(P,M) = 1

together implied that E(X,M) = 0. In other words,
these estimated reduced form equations substantiated
the hypothesis that monetary actions have lasting ef-
fects on only nominal variables.

Updated Results

Tables 2 and 3 present the results using data from
the 1970s. For purposes of comparison, the pre-1970
estimates are also summarized. The Chow test was
used to check the equations for stability.

Estimated Equations — Updated estimates for the
GNP equation are shown in table 2 and for the price
equation in table 3. Results are shown both for the
1970s (I/70-IV/79) and for the extended sample pe-
riod (I/55-IV/79).

The sum of the coefficients on money in the GNP
equation was not significantly different from one at
the 5 percent level, either for the 1970-79 period or
for the fully extended sample period 1955-79. Esti-
mates of the constant, however, indicated a decline
in the trend growth of velocity when data for the
1970s were included. For the 1970-79 sample period,
the estimated constant was negative but not signifi-
cantly different from zero at the 5 percent level. For
the fully extended sample period, however, the con-
stant was positive and significantly different from
zero, but the point estimate was less than that for
the 1955-69 period.

The estimate of the price equation for the 1970-79
period showed an increase in the sum of the coeffi-

cients on money. However, this sum was not signifi-
cantly different from zero at the 5 percent level. For
the fully extended sample period, the sum of the
money coefficients was sigxiificantly different from
zero, although not significantly different from one at
the 5 percent level.

Estimates of the remaining coefficients indicate that
nonmonetary factors, namely energy prices and wage
and price controls, influenced price level movements
during the 1970s, and to such an extent that they
were also significant over the full sample period. Esti-
mates of the constant term for both the 1970-79 and
1955-79 periods were not significantly different from
zero at the 5 percent level.

Tests for stability — The updated results suggest
some conflicting conclusions. The Chow-test of sta-
bility was used to investigate further the appropri-
ateness of simply extending the sample period to in-
clude the 1970s.11 Table 4 summarizes the results of
applying this test to the GNP and price equations.

The test results show that the hypothesis of stabil-
ity for the CNP equation for the two sample periods
was not rejected. However, the hypothesis of stability
was rejected for the price equation. The interpreta-
tion of these results is that the GNP equation, as
estimated over the full sample period, can be used to
summarize that relationship. However, the choice of
the estimated price equation depends on the period
that is chosen for analysis.12

Implications of the Results for the
Relationship between Money and Output

One implication of the reduced form results using
data prior to 1970 was that the equilibrium rate of

11
Gregory Chow, “Tests of Equality Between Sets of Coeffi-
cients in Two Linear Regressions,” Econometrics (July
1960), pp. 591-605.

t2
These price equations should not be interpreted as long-run
equations, however, because the sample periods are so short.
See footnote 3.

Table 4
Results of Chow Test Q/55-lV/69 vs. I/7O-IV/79)

C illft al Cal,. slated F C ~ ida I

.\1’ equal ‘ni 1’ , , - 212 1.20 Ca, not rejec.t H I

Pt cc t 91 latin, F’ ,, , 2.05 3.23 tided 11..

‘II p. the null }~}III
1

W’I’ tli.U lilt la’L’lascjnli eqit.dit ,ic inc qual her the tnt, sample periods.
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output growth was independent of monetary growth.
In other words, trend output was determined by real
factors: namely, growth of the labor force, capital
stock, and technology.

When the reduced form equations were updated
with data from the 1970s, the implication for equilib-
rium output was modified. In a strict statistical sense,
the hypothesis that monetary actions have lasting
effects only on nominal variables was not rejected
when data from the 1970s were included in estimating
the relationships. However, when the estimated GNP
equation for the full sample period was combined
with the price equation for the 1970-79 period, the
growth of money appeared to influence the rate of
growth of output. Although E ( Y,M) was still approxi-
mately one, the point estimate of a(P,M) was 1.31.
Consequently, based on the experience of the 1970s,
the point estimate of (X,M) was —.31.

The nature of this result, although statistically ten-
tative, is summarized in table 5. Underlying the cal-
culations in this table is the assumption that non-
monetary shocks equal zero. These results, although
they do not demonstrate causality, provide indirect
support for the view that there is a negative relation
between the trend rate of monetary growth (and in-
flation) and the trend rate of economic growth.

This contention that inflation adversely affects out-
put has received increasing emphasis in the recent
literature.13 One view is that inflation slows growth
by discouraging investment and saving via the exist-
ing tax structure.’4 The inflation process increases
effective tax rates for both individuals and firms and
lowers after-tax rates of return, thereby reducing in-
centives to invest and save.

Another argument stresses the uncertainty associ-
ated with inflation.’5 If higher and higher inflation
rates also mean greater risks associated with invest-
ment planning, saving and investment will be dis-
couraged because a given expected rate of return will
be accompanied by a greater variance.

13
For general discussions of possible factors contributing to
tbe slowdown of productivity in the 1970s, see Edward F.
Denison, “Explanations of Declining Productivity Growth,’
Survey of Current &s,-iness (August 1979), pp. 1-24; and
John A. Tatom, “The Productivity Problem,’ this Review
(September 1979), pp. 3-16.

‘4A recent study providing evidence relating to the effect of in-
flation on corporate rates of return is reported in Martin
Feldstein and Lawrence Summers, “Inflation and the Taxa-
tion of Capital Income in tbe Corporate Sector,” National
Tax Journal (December 1979), pp. 445-70.

t5
See Stephen L. Able, “Inflation Uncertainty, Investment
Spending, and Fiscal Policy,” Federal Reserve Bank of Kan-
sas City Economic Review (February 1980), pp. 3-13.

Table 5
Relationship between Trend Output
and Money Growth

Rate of c’rtmtb ni oi,IpatL ha.,ecl ‘‘Ii:
hi:tLi of gro~~ib

of 1110111 y Pie—I 970 rcsnlt I t.pdated resi ilLs’

0% 3.62~ 4.68
2 3.5! 413
4 3.46 3.58

6 3.37 3.0.3
8 3.29 2.48

‘These caleallatIl,ns are based at, the point e’.tiniaIt~of the
paaaiuetc-ra in tin GNP alit

1
~iIdd ,qualiotl. alit

t
assilnir

I hat lilimimI id ar~ julia tioces ale eqiTa I t I) zc’ Iii t ~cept ft
the miLi ant term,.

Still anothcr explat alion of the inHalion- gross tlt
connection is that the inflation process introduces
“noise” into the price signals that are transmitted from
consumers to producers2-° As a result, the general
efficiency of the price system in allocating resources
is reduced. Such a reduction must be manifested in a
reduced growth rate of output

SUMMARY

This article presents updated reduced form results
relative to the hypothesis that monetary actions have
a lasting impact on only nominal variables. When
data from the 1970s were included in the sample, this
hypothesis could not be rejected for either the 1970-79
period or the 1955-79 full sample period.

When the reduced form equations were tested for
stability over the entire period, the hypothesis of sta-
bility for the GNP equation could not be rejected;
but the null hypothesis for the price equation was
rejected. When the GNP equation for the fully ex-
tended sample period was combined with the price
equation for the 1970-79 period, the point estimates
of the coefficients suggested that the rate of growth
of output was negatively related to the growth rate
of money during the 1970s. Even though only sugges-
tive, the results provide tentative evidence to support
the notion that real economic gaiu can be achieved
by reducing the trend growth of money.17

‘°Milton Friedman, “Nobel Lecture: Inflation and Unemploy-
ment,” Journal of Political Economy (June 1977), pp.
451-72.

‘
7

Laurence H. Meyer and Robert H. Rasche, “On the Costs
and Benefits of Anti-Inflation Policies,” this Review (Febru-
ary 1980), pp. 3-14.
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