THE RELATIONSHIP OF OPPORTUNITY COST TO
THE INTEREST ELASTICITY OF MONEY DEMAND

Steven R. Cunningham
University of Connecticut

INTRODUCTION

It is puzzling to monetary economists that the velocity of M1, which increased at
a rate of about 3 percent per year in the 1970s, became erratic in the 1980s,
alternately rising and falling in spurts and stops. This is an important and widely
debated issue, and noted economists have offered rationales for the observed behav-
ior [Darby et al., 1987], some arguing that the demand for money is “clearly”
unstable.’

A growing number of researchers have suggested that the money demand
relation is stable but has shifted in recent years as a result of the deregulation of the
financial industry. Some aggregates, like M1, that previously did not include money
held in interest-bearing accounts, now include such accounts (NOW and superNOW
accounts). This has altered the opportunity cost of holding money in two ways that
may account for the shift in the demand for money. Firstly, the opportunity cost of
holding money included in such aggregates, as compared with another aggregate
such as M2, is reduced. If this relafive price effect predominates, then the interest
elasticity of the demand for such aggregates should fall. Secondly, the introduction
of an interest-bearing component in the aggregates has also raised the average
interest paid on the aggregates. Moreover, interest rates rose across the board as a
result of the deregulation. If the response to this interest rate change dominates,
then the interest elasticity should rise. Many researchers have focused on this
interest rate effect as the predominant factor explaining the change in money
demand behavior.

Mehra [1986], for example, focuses on the interest rate effect. He argues that the
key relationship between this deregulation and money demand is that depository
institutions have begun to pay interest on noncommercial demand accounts (through
NOW and superNOW accounts) and to permit check-writing on savings accounts.
He argues that these interest-paying accounts may have raised the interest elastic-
ity of money demand; M1 now contains assets “potentially suitable for savings”
[1986, 13]. Furthermore, “changes in market rates might induce larger changes in
NOWs than in demand deposits, thereby increasing the interest responsiveness of
M1 as a whole as NOWs become a larger fraction of M1” [Ibid]l. Mehra estimates
money demand functions on growth rates computed from monthly observations
dating from 1961:01 to 1985:03. Using ¢-tests on dummy variables, he constructs a
straightforward case that the income elasticity of M1 has not changed significantly
since the introduction of interest-on-checking in 1981, but that the interest elasticity
of M1 has increased substantially.
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In a recent article in this Journal, Baytas and Marty [1989] adopt a similar
approach to argue that the development of interest-bearing M1 accounts has caused
the interest elasticity of M1 demand to rise, causing a shift in the growth rate of
veloeity. Using quarterly series dating from 1950:1to 1987:2, they extend the earlier
offort of Hafer and Hein [1984] to provide empirical evidence that the interest
elasticity of the demand for M1 has increased, particularly from 1978:1 to 1987:2.

Both of these studies confuse the proxy, that is, some interest rate, with the
opportunity cost of holding money which is the incentive variable. The true opportu-
nity cost is the differential rate of interest paid on the various monetary aggregates;
it is the relative price effect that dominates.

In their landmark study, Friedman and Schwartz [1982] argue that the demand
for real M2 (per capita) has been remarkably stable. They estimate money demand
in both log-levels and growth rates using cycle averages constructed from annual
series from 1873-1975. Because they limit themselves to M2 they cannot examine
the impact of changes in M1 composition. While their dummy variables partly allow
for differing monetary regimes, they do not consider directly the effects of changing
opportunity costs on clasticities or the relationship of the interest elasticity to the
narrowness of the money stock measure.?

This paper examines the impact of changing opportunity costs on the money
demand relation proposed by Friedman and Schwartz [1982]. Using lengthy annual
data from 1880-1986, it is possible to reconsider the issue of explaining the recent
behavior of the velocity of M1 without a significant risk of historical myopia. The
Friedman-Schwartz specification for log-level real per capita money demand 1is
estimated across regimes that alternately have permitted and prohibited interest
payments on demand accounts. By extending the Friedman-Schwartz effort to
include estimates of the demand for the monetary base and ML, it is also possible to
observe the effects of differing opportunity costs on money demand through time. It
is demonstrated that it is the relative price effect that dominates. The introduction

of interest-bearing accounts into M1 has changed the opportunity cost of holding
(demanding) M1 relative to the glternatives.

CONSTRUCTION OF THE ARGUMENTS

A graphical analysis of the behavior of the velocities of the monetary base (VB),

of M1 (V1), and of M2 (V2), based upon unadjusted money stock and net national

product (NNP), offers some insights.?
As presented in Figure 1, V1 is computed with no lag between money and

output. The strong, stable growth of V1 since World War 11 is apparent.

From this simple graphical analysis, it is easy to understand the prevalent view
that V1 was stable until the 1980s, when it fell dramatically. That is only part of the
story. The period from 1880 to 1913, one in which the opportunity costs of holding
money were more like the present, is marked by an equally steep decline in V1. The
period from the founding of the Federal Reserve System (1914) to the Great Depres-
sion (1929) was similar to that from World War II to 1980, when V1 growth was

positive.
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FIGURE 1
The Velocity of M1 (NNP/M1)
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Sysglifh the Ft‘;;aldei‘ial :{eser\ée Act of 1914 and the founding of the Federal Reserve
came the first standard definitions of time and i d i
1965, 167] This effectivel e e agan,
, ¥ put an end to the payment of interest on d
en emand
?3305“1;1;5’ although th_e formal proscription came with the Banking Acts of 1933 :Ed
Y iﬁteizfszt (\;vas psfd ondsome demand deposits before 1933, though generally only
eposits and to some extent on large commercial deposi
‘ e : posits. Further-
more:imterest paid on demand deposits in the 1920s was effectively higher thzl;l
recorded, because some banks allowed favored customers to use time deposits to
some f:xtent as demand deposits by retaining a copy of the passbook at the bank and
honoring drafts against the account.*
- TI;e financial deregulation of the 1970s removed these restrictions in 1981
o eret ore, thg years prior to .1914 and the years after 1981 are all associated With..
onetary r:g;mes lt;hat permitted interest on demand accounts. The years 1914-81
are assoclated with experiences wi i ibiti i )
A P s with monetary regimes prohibiting such interest
- g‘han]_ss to -Fed‘t:igl}tening during the Great Depression, primarily by encourag-
reg epomﬁzll'yfu}fta;utmns to reduce risk in their loan portfolios and increase excess
erves, ell. But Figure 1 clearly shows, NNP fell i
\ . . s even more rapidly. Th
;i;cihty fzf h1§}111-p;§r9eé‘ed money (VB) in Figure 2 shows NNP outpacing rezerve:
om the s until the Great Depression. Durin
. . g the early years of th
bDepretssmn, th‘e monetary base expanded but M1 fell. The growth ofsir:lfe monetare
ase is often interpreted as proof that the Fed followed a policy of loose mone;
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FIGURE 2
The Velocity of MB (NNP/MB)

VELOCITY

TTHTTIT
3 ||II|!GiIIII|||||Il|II|||llII1I|III!l[IIII|lIIIlI1||IIItIIlill|||II!i!IIII|E!|III|IiIII|||ItII||l

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980
YEAR

during the Depression, but as argued above, M1 fell as a direct_result of" other E‘ec}‘
actions. Following World War I, growth of the hase was met with faster growth o

NN?I;he income velocity of M2 is shown in Figure 3. As argued by Friedman a?ld
Schwartz [1982], V2 appears to exhibit a lower variance than the other veloqlty
measures. This might be due to a greater stability in the money demand furll.ct.;an
that determined V2. Prior to 1904, Friedman and Schwgrtz argue that th(.a declining
V2 was the result of growing financial sophistication in the U.S. Ix} fitting moniy
demand relations they rescale this period and use a dummy variable to‘ ﬁlt ;t e
anomolous demand from 1929-54 caused by depression and two wars. Whatis left 1s

a relatively “flat” V2.

For this study, the unconditioned, unscaled (raw) data from 1880-1913 and

1981-86 are pooled since all represent observations on policy regimes in :wh11clh
interest was paid on demand accounts; this will be referred to as Pool I in the

t follows. The 1947-81 period (excluding 1929.-46) represents observa-

R ounts was forbidden; this

tions on policy regimes in which interest on demand acc

will be referred to as Pool IL® ' .
Friedman and Schwartz [19821, following a careful analysis, offer the following

specification for the money demand relation:

(1) LPRM2 = B, + B,LPRNNP + B,GNNP + BACMCLZ + p DumD + B DumGD
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FIGURE 3
The Velocity of M2 (NNP/M2)
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where LPRM2 is the logarithm of real per capita M2, LPRNNP is the logarithm of
real per capita NNP, GNNP is the growth rate of NNP, ACMCL?2 is the commercial
paper rate adjusted according to the proportion of M2 not held in high-powered
money, DumD is a post-war-demand-surge dummy variable, and DumGD is a
Depression/WWII dummy variable.

A modified Friedman-Schwartz specification is used here because it is well
supported by their extensive work, it does not use lagged money, and, since the data
used in this paper are extensions of the Friedman-Schwartz database, useful com-
parisons can be made.

The Friedman and Schwartz results have been criticized. They never published
Durbin-Watson statistics for their regressions, casting doubt on the efficiency of
their estimates, and their estimates were made on cycle-averages of the raw annual
data [Mayer, 1982; Goodhart, 1982; Hall, 1982]. These doubts appear unwarranted.
In Table 1, the first column reports the original Friedman-Schwartz estimates for
the demand for the natural logarithm of real per capita M2, along with its associated
Durbin-Watson statistic. The cycle-averaged data, or “phases” for each of the series
involved, as listed in Monetary Trends, were used to re-estimate the relation. At a
95% confidence level, the hypothesis that autocorrelation is present in the residuals
can be rejected. Column 2 lists Friedman’s own [1988] estimate of the annual data,
conditioned by the rescaling of pre-1904 observations. The results suggest that no
significant distortions could be attributed to the cycle-averaging process. Column 3
reports the estimated relation on the raw data [1880-1986] with no rescaling or
dummy variables. The same information for M1 and the monetary base (MB) is
shown in columns four and five respectively.
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Estimates of the income elasticity of money demand differ significantly from
unity. The interest elasticity of M2 for the raw data and on the cycle-averaged data
are very close. A comparison of the last three columns suggests that the interest
elasticity of money demand declines in absolute value as the monetary aggregate
aarrows in definition. These results confirm the international cross-sectional study
done by Macesich and Tsai [1982].

Each of the regressions presented in the last three columns are corrected for
autocorrelation. Estimates for rho were made via maximum likelihood estimation
(MLE). In each case rho was near unity, suggesting first differencing. Even after the
correction, M2 and the monetary base display significant first-order autecorrelation.

This may be indicative of omitted variables.
While the relationships between incentives and behavioral responses remain

consistent through time and various regulatory regimes, the resulting structural
relations change with changing incentive structures. This conjecture is evaluated
empirically by introducing a dummy variable as a proxy for the omitted variable.
This dummy variable captures the effact of interest payments on demand accounts.
Specifically, a dummy variable DI is introduced that is 0 for for all observations in
Pool I, and 1 for all observations in Pool IT. To capture cross effects, the products of
D1 and each of the original variables are added. Thus, the specification for this study

can be given as

(2) LPRMx = B,+ B, LPRNNP + B,GNNF + B, ACMCLx + B, DI + B DixY
+ B DIxGY + B,DIxR

where LPRNNP and GNNP are the same as in equation (1); LPRMx is the logarithm
of the real per capita monetary base, M1, or M2; ACMCLx is the commercial paper
rate adjusted according to the proportion of the aggregate under discassion (Mx)
that is held in high-powered money (F); and DI1xY, DIxGY, and DIxR are the
products of DI and LPRNNP, GNNP, ACMCLx respectively.’

T-tests on the dummy variable and its products will determine the statistical
significance of these variables, and an improvement in the Durbin-Watson statistic
(after correction for first-order autocorrelation via maximum likelihood estimates of
rho) would support an improvement in stability, suggesting less chance of omitted

variables.

EMPIRICAL RESULTS

In all cases, it was necessary to apply the MLE procedure to correct for
autocorrelation. Once done, however, “stable” results were obtained. (See Table 2.)
In every case the Durbin-Watson statistic was improved, suggesting that
autocorrelation in the residuals was reduced by the inclusion of the pooling dummy
variable. In all cases, autocorrelation can be rejected at the 95 percent confidence

level,
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TABLE 1
c Regression Results
omparison of Estimates of the Demand for
the Natural .Lo.garithm of Real Per Capita Money
(t-statistics are given in parentheses)

o d1\/[22.: .M2: M2 M1: MB:
riedman et al.  Friedman 1880-1986 1880-1986 1880-1986
1873-1975 1886-1985 Raw Data Raw Data Raw Data

Cycle-Averaged  Annual Without Without Without
Data Data Dummies Dummies Dummies
Constant  -1.53 -1.55 087 -1.16 2.18
(19.6) (19.6) {1.90) (5.32) (11:0}
LPRNNP 1.15 1.16 0.88 0.90 0.82
(50.7) (99.3) (18.6) {14.4) (12:7)
GNNP -0.59 -0.51 142 -0.31 .42
3.5) 7.9 9.0 5.1) (6.6)
ACMCLx -8.82 -11.90 -8.13 -6.30 -1.60
(4.4) (6.4) 5.7) 5.0 3.3)
DumD 0.025 0.023
(3.8) (5.6)
DumGD -0.17 0.138
(6.9) (7.1)
Sample Size 52 100
; 107 107 107
R squ.ared 0.994 - 0.982 0.920 0.9
Durbin- o
Watson 1.86 - 1.33 1.69 0.96
Rho .- - ‘ .
-- 0.9964 0.9810 0.9778
Variable List
Constant Constant term. :
él;fji’vl\;NP Natural log of real per capita NNP.
o grrowth rate of NNP; proxy for the return to real assets.
X ommercial paper rate; adjusted according to the proportion of each
Dumb lxgw.onetary aggregate not held in high-powered money,
ost-war demand surge dummy variable (Friedman-Schwartz only).

D .
umGD Depression/WWII dummy variable (Friedman-Schwartz only).
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TABLE 2
Stability Analysis
Comparison of Estimates of the Demfind for
the Natural Logarithm of Real Per Capita Money
M2 t-ratio M1 t-ratio MB t-ratio
Constant  -0.84° 3.06 -7 5.54 -2.19i iﬁg?
LRNNP 1.08¢ 15.95 1.05= 11.41 0.923 2. >
GNNP -0.48= 4.82 -0.48° 3.40 -0.54 1.63
ACMCLx  -4.38 2.22 -3.36 1.46 -1.95a 2.71
D1 0.20= 2,79 0.19 1,61 0.39a 2.34
D1xY 0.43 0.59 0.46= .57 0.33 ().33
DixGY 0.13 0.92 0.06 0.51 0.1].‘i 3.09
DIxR -11.762 3.17 -9.17= 2.94 -4.54 .
Sample Size 90 - 90 - 90 --
Durbin-
- 1.77 -
Watson 2.16 -- 2.08
Rho 0.9861 - 0.9652 - 0.9422 -
Variable List
Constant Constant term. .
LPRNNP Natural log of real per capita NNP.
GNNP Growth rate of NNP; proxy for the return to real assets. ‘
ACMCLx Commercial paper rate; adjusted according to the proportion
of each monetary aggregate not held in high-powered money.
D1 Pooling dummy variable:
1880-1913 and 1981-1986 = 0;
1914-1929 and 1947-1980 = 1.
DixY DI times LPRNNP.
DIxGY D1 times GNNP.
DIxR DI times ACMCLx.

Note: “indicates significance at the 5 percent level.

In the analysis of MB and M1, the interest elasti.cities were si.gr‘li.ﬁcantly zlilﬁ'eé‘l-.
ent in the two pools. In contrast to Mehra [1986], the mi':ex_'est elasticities were axl‘f "
(in absolute value) when interest payments were prol.11b1ted, perhaps as a resuhib_
the larger opportunity costs of holding money. When mteresif payxnen%:i,1 allr; pro ub
ited on these accounts, at a given interest rate the opportunity cos:t of ho mtg cthe
balances is higher than otherwise. In either case, the larger the interest rate,

OPPORTUNITY COST AND MONEY DEMAND 317

larger the opportunity cost of helding money, and the less cash balances are desired;
hence, the interest rate variable is inversely related to money demand, and its sign
is negative. '

Moreover, the interest rate is significant only during periods in which interest
was not paid on demand accounts and the opportunity cost between the assets
increased. The shifts that appear in the income elasticities are likely a result of the
structural changes posited earlier,

For M2, the interest rate is significant in all years (both pools). This makes sense
because a great deal of the substitution among assets would be subsumed in M2, The
same rationale also. explains why the income elasticity of M2 is not significantly
different between the two pools, while differences between the pools do ocecur for
narrower definitions of money. :

CONCLUSIONS

Through graphical and statistical analyses, arguments are made that it is the
change in the opportunity costs related to the relative price effects resulting from
the policy change allowing interest payments on demand accounts that caused a
large part of the observed shift in money demand (or, equivalently, in velocity) since
1981. This was caused by a normal reaction to a change in an economic incentive
structure.

The interest elasticity of money demand is highly dependent on both the
regulatory regime and the narrowness of the definition of money. The income
elasticity of M2 demand is independent of regulatory regime, whereas the income
elasticities of the monetary base and M1 are not. This, at least partly, may explain
the observed empirical stability of M2 demand relative to the demand for other
monetary aggregates, given that substitutions between assets caused by financial
deregulation are likely subsumed in M2,

The stability of the money demand relation is improved by the inclusion of a
proxy that captures the regulatory regime regarding interest-on-checking.
Autocorrelation problems are eliminated.

Along the way, the Friedman and Schwartz [1982] result is vindicated; their
estimation of the money demand function is not “tainted” by the existence of
autocorrelation. The conditioning they performed on their data {cycle-averaging,
rescaling prior to 1904, etc.) and the dummy variables they added had no significant
qualitative effects on the estimated elasticities.
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NOTES

The author would like to express his appreciation to Phillip Cagan, Milton Friedman, George
Macesich, Milton H. Marquis, and Anna J. Schwartz for helpful comments, suggestions, and correc-
tions on early drafts. The author hears sole responsibility for any remaining errors.

A npumber of investigators have attempted to demonstrate the long-run stability or instability of the
demand for money. Khan [1974] applies the Brown-Durbin-Evans (BDE) coswm-of-squares technique
to growth rates computed from annual U.S. data from 1901-65 to argue that it is stable. Garbade
[1977] reconstructs Khan's work applying the Cooley-Prescott varying parameter (VPR) technique,
which he argues is more rebust, to reach the same conclusion.

Laumas and Mehra [1977] use the VPR technique to evaluate annual data in log-levels for the period
from 1900-74. Their results weakly support stable M2 demand, but only when lagged money is
included among the regressors. Laumas and Fackler [1987] revisit the issue using hoth the VPR and
BDE tests to support stability for growth rates of quarterly observations dating from 1908-8(, but to
support instahbility for log-level data with lagged meney as one of the regressors. They argue that
« {he demand for money remains stable until some outside event oceurs; econoric agents change
their behavior and the new, stable behavior pattern persists until the next event shocks a change in
behavior” [1987, 250] Through trial and error, Laumas and Fackler were able to construct ten periods,
ranging from about four to about fifteen years, during which the demand for meney was stable by their
criteria.

Friedman and Schwartz do analyze differences in monetary regimes by comparing the results of the
cycle-average analyses for the United States and Great Britain.

For convenience and consistency, all reals have been defiated by the NNP price deflator. All data is
from Friedman and Schwartz (19821, and from the Board of Governors ofthe Federal Reserve System.
The data for M1 for 1880-1913 are identical to the data for M2 for that period; prior to the Federal
Reserve Act of 1913 no clear distinctions were made between time and demand deposits.

To test the importance of this point, the regressions were also computed after omitting the data from
1914-29. No significant change in the estimates resulted.

The starting point for the estimations (1880) was chosen so as to post-date the period of financial
turmoil following the U.8. Civil War. Despite money sapply growth, prices collapsed through the
decade of the 1870s. In 1874, reserve requirements against national bank notes were eliminated,
increasing free reserves, encouraging a rise in the depasit-reserve ratio. The Resumption Act of 1875
forced the resumption of the specie standard at pre-Civil War parity. After 1877, the Treasury was
active in making large-scale gold purchases. From 1877-1889, the Treasury refinded about half the
outstanding interest-bearing public debt. Because this peried is anomolous, and likely includes
sporadic disequilibria in the money markets, it has been omitted.

The pericd sparming the Great Depression and World War II {1929-1946) is also generally regarded as
anomolous in monetary history, and is omitted. The period was likely distorted by bank runs, hoarding
of cash, unusually low interest rates, deficient dermand, etc.

TFor more details on this specification and the arguments leading to it, see Friedman and Schwartz
[1982].

The variable GNNP is somewhat peculiar to Friedman-Schwartz, All of the regressions were re-
estirnated without this variable to test the sensitivity of the results to this specification. The results
were qualitatively unchanged.

The use of the adjustment procedure in forming ACMCLx has beent ¢hallenged by Carlson and Frew
[1980] as a source of possible hias, arguing that it improves regression results becanse ACMCLx is a
fimetion of the money supply variable under study. Unforbunately, if an adjustment is not made to the
interest rate variable, then the interest rate response may be overstated. The Carlson-Frew critique
depends upon a high correlation between the dependent variable Mx and H/Mx. In the medel
presented here, the dependent variable is the logarithm of real per-capita money, a variable not well
correlated with H/Mx. Moreover, the empirical test of the importance of the critique provided by
Carlson and Frew relies on regression analyses with significantly low Durbin-Watson statistics,
making any inferences based upon their estimates suspect.
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