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The role of money and the demand for money continues to be, in principle, a prominent topic of interest in
the conduct of monetary policy in the US economy. An attempt is made in this paper to estimate a money
demand function with national income and interest rates assumed to be primary drivers of aggregate
demand for money. A test of mean-stationarity of estimated coefficients of the money demand function is
conducted to determine whether or not the coefficients exhibit mean-stationarity in levels and in first
differences. We present the short-run as well as the long-term elasticity estimates for income and nominal
interest rate for the US economy using quarterly time series data going back from the mid fifties to the
present.

INTRODUCTION

In this paper, we estimate aggregate money demand for the US economy using M1 and M2 monetary
aggregates. As is well known, aggregate demand for money in the economy comes from households,
businesses, and the government sector. A primary objective of monetary authorities is to anticipate money
demand and provide the needed level of money supply that maintains desired levels of output,
employment, and price stability. While some view interest rate-targeting as the more important monetary
policy target than money demand-targeting, we still view money demand and its stability as an important
monetary policy issue due to its direct link with money supply, interest rates, and economic growth.
Hence, money demand should play an important role directly or indirectly in the conduct of any monetary
policy. A detailed presentation on alternative views of targeting monetary aggregates versus interest rates
is available in Duca and VanHoose (2004). A number of researchers have examined aggregate demand
for money, its stability, and its determinants, particularly, income and interest rates. Unfortunately,
studies have reported different results, and have reached differing conclusions which makes it hard to
form a clear consensus of opinions'. This wide variation among results may be attributed in part to the
different model-specifications and estimation procedures used. Some of the recent studies have employed
newer time-series econometric procedures such as cointegration and error correction to correct some of
the serious deficiencies inherent in traditional estimation procedures, and have made significant
contributions in presenting more efficient and reliable estimates. However, a major drawback still remains
in the existing literature, particularly one that is attributed to a failure to present estimates of the long-run
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fundamental marginal effects of income and interest rates by presenting their elasticity estimates that are
derivable from their estimated short-run counterparts. This is an issue of importance for any discussion of
long-term policy implications of the effects of income growth and interest rates on money demand.
Examples of publications that have employed cointegration and error correction models of money
demand include Bose and Rahman (1996), Tai-Hsin Huang (1999), Drama and Chen (2011) among
others. This paper rectifies this shortcoming in the literature by presenting estimates of the long-run
elasticity of money demand with respect to income and interest rates. We distinguish long-run from short-
run estimated relationships between money demand, income and interest rates employing cointegration
and error-correction modeling. However, in contrast to existing studies that utilized similar
methodologies, we go one step further by allowing estimated parameters to vary over time when
generating predicted values of demand for money in the form of M1 and M2 monetary aggregates”.

The origins of money demand instability can be traced back to enactment of the Depository
Institution’s Deregulation and Monetary Control Act of 1980, the explosion that took place in
development of new financial products and instruments, technological innovation, and last but not least,
burgeoning federal deficits stating in the early 1980s coupled with chronic deficit spending and debt
monetization by the Federal Reserve, among others. The Federal Reserve Bank cannot effectively
conduct monetary policy without sufficient stability of money demand. In addition, the ability to generate
more accurate forecasts of money demand is needed for the conduct of interest rate-targeting by monetary
authorities. If the estimated coefficients of the money demand function are sensitive to newly included
information, thus varying over time, statistical inference based on a constant coefficients model using
full-sample estimates can be misleading. We test whether or not the estimated coefficients vary
continuously over time, and if so, we embed the information on their time series properties in generating
better money demand estimates. To test for time-variation in the estimated coefficients of the money
demand function, we apply the chow test on a rolling basis at multiple breakpoints which are set at eight
observation (8 quarters) apart (shorter and longer periods in between break points led to similar results, so
that results are not sensitive to the adopted breakpoint frequency, and the evidence is fairly conclusive
that the estimated parameters of money demand functions for both M1 and M2 monetary aggregates are
time-varying with almost complete certainty. Once confirmed by the rolling chow test of parameter
instability both in-sample as well as out-of-sample, we proceed to capture the time series properties of the
parameters and exploit their stochastic properties in generating out-of-sample predictions of demand for
the two monetary aggregates.

METHODOLOGY AND DATA

We specify an aggregate desired stock of the money balances, m’, in the log form as

*
Inm, =a,+a,Iny, +a,Inr,

Q)

Where vy, is the gross domestic product (income hereafter), and r; is three-month treasury bill rate. All
variables are measured in the log-form. We assume a partial’ adjustment process for aggregate demand
for money stock as follows:

Inm, —Inm, , = A(lnm, —Inm, ) +v,

2

where A (0 < A4 <1)is the adjustment coefficient bounded between zero and one, and v, is the random
disturbance term. Combining egs. (1) and (2) we obtain the demand for money equation as follows:
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Inm, = Ao, +Aa;Iny, + Aa, Inr, + (1-A)Inm,_ +v,

A3)

This is considered to be the long run reduced-form equilibrium relationship of money demand. In
general, aggregate income facilitates transactions and is, thus, expected to have a significant positive
effect on money demand, while the interest rate variable is expected to have a negative impact as it
reflects the opportunity cost of holding money. The data used is quarterly monetary aggregates, income
and interest rates (90-day T.bill rate) for the period from Q1-1954 to Q4-2008 for the US. All data are in
current US dollars. The nominal 90-day T.bill interest rate embeds both the real interest rate and expected
inflation components.

STATIONARITY AND COINTEGRATION

As is well known from the time series literature, estimation of models in levels of variables when
variables exhibit mean non-stationarity leads to the familiar spurious regression problem. Accordingly, it
is common practice to start by testing for stationarity of levels of variables using any of the standard
stationarity tests (for example, the Dickey-Fuller test or the Phillips-Peron test; we use the former as
results from the latter were not any different). If variables are found to exhibit mean non-stationarity in
levels, the regression equation of eq. (3) has to be estimated in first differences. Therefore, we derive the
first differenced form of eq. (3) by lagging it one period then subtracting the lagged from the concurrent
equation as follows:

Inm,, =Aa,+Aa;Iny,  +Aa,Inr,_ +(1-A)lnm,_, +v,,

“4)
Subtracting (4) from (3), we obtain
Alnm, = AaAlny, + Aa,Alnr, + (1-A)Alnm, +v, —v,
or
Alnm, =y, Alny, +y,Alnr, + y,Alnm,_, +u, ()

where A, =y,,1-A=y;,and u, =v, —v, _,

Equation (5) is considered a short-run model of money demand®. It assumes that money demand is not
cointegrated with income, interest rates, and lagged values of money demand. If variables are
cointegrated, and eq. (5) is estimated in first differences without accounting for the tendency of variables
to move together in the short-run towards a long-run equilibrium relationship that binds them together, a
failure to include an error correction term that reflects cointegration of variables leads to faulty inferences
if eq. (5) is estimated as is. Therefore, the first step is to test for cointegration between monetary
aggregates, income, interest rates and lagged levels of money demand by estimating the so-called
cointegrating regression. Residuals from the cointegrating regression are generated and tested for mean
stationarity using the Augmented Dickey-Fuller test. If stationary, lagged residuals from the cointegrating
regression are entered as an additional variable in eq. (5), so that eq. (5) becomes the so-called error-
correction model for money demand. The error correction coefficient would then proxy for short-run
changes in money demand toward its long-run equilibrium level that is determined by income, interest
rates and lagged money demand levels. In summary, if cointegration is admitted, the following error-
correction model (ECM) of eq. (6) is estimated in lieu of eq. (5):

Alnm, =y, dlny, +y,Adlnr, +y;Adinm, ; +y e, +u, (6)
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where e,_, represents lagged error correction term corresponding to lagged disequilibrium shocks. The

coefficient ofe,_ | is expected to be negative and indicates the magnitude of short-run adjustments in

money demand toward long run equilibrium cointegration with income and interest rates; essentially, it
corrects deviations of money demand from its long-run equilibrium value, and can be regarded as
indicative of the speed of adjustment in money demand. The coefficients in eq. (6) for income and interest
rates reflect short-term responses of money demand to changes in the exogenous variables, income and
interest rates.

AN ALTERNATIVE VIEW OF MONEY DEMAND

According to Friedman (1956) and (1959) the demand for money is related to total wealth
rather than current income. The stock of money is specified as linear function of real permanent
income and the interest rate. We have not taken into account the money supply process to be
simultaneously estimated with the money demand equation. To estimate a specification in the

spirit of Friedman (1956) and (1959), we replace income y, by a permanent income measure, y”

with the superscript (p) denoting long-run permanent income, and specify permanent incomen as
a linear function of its lagged values (we use two lags of income) as shown below:

Iny/=pg,Iny, +p/Iny_ +p,Iny,_, (7)
Substituting (7) into (3), we obtain
Inm, =Aa,+ Ao, [f,Iny, + filny,  + B, Iny, ]+ Ao, Inr, +(1-A)Inm, , +v,

Inm, = Aoy + Ao, S, Iny, + Ao, B Iny,  + Ao, B, Iny,_, + Aa, Inr,_ +(1-A)Inm,_, +v, )

Eq. (8) is, once more, considered a long-run reduced form equation of the equilibrium relationship
between money demand, income and interest rates. Lagging eq. (8) one period, we obtain eq. (9) below:

Inm,, =Aa,+ Ao, f,Iny, ,+Aa,fIny, , +Aa, B, Iny, ,+Aa,Inr,_,

+(1-A)Inm,_, +v,_, 9)

Subtracting eq. (9) from eq. (8) we obtain:
Alnm, = Aa, f,AIny, + Aa, f/Alny, , + Ao, f,Alny, , + Aa,Alnr, + (1-A)Alnm,_, +u,

or

Alnm, =y, Alny, +y,Alny,  +y,Alny,, +y,Alnr, + y;,Alnm,_, +u, (10)

where da, B, =y, fori=1,2,3, Aa, =y,, 1-A=y,,and u, =v, —v,,

As mentioned earlier, the existence of co-integration between money demand and exogenous
variables in equation (10) above requires that eq. (10) be re-specified to include a lagged error correction
term estimated from eq. (8) above to yield the final form, eq. (11):
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Alnm, =y, Alny, +y,Alny, , +y,Alny, , +y,Alnr, + y,Alnm, , +y.e,, +u, (1)

EMPIRICAL RESULTS

The first step involved testing for mean stationarity of all variables in eq. (8) using the standard
Augmented Dickey-Fuller test. Results support the notion that variables are non-stationary in levels, and
hence, differencing is needed before eq. (11) can be estimated. ADF test results are not presented for
space considerations. That is, these variables tend to drift over time and do not return to a particular trend
level. Accordingly, egs. (5) and (10) were estimated in first differences using Ordinary Least Squares
(OLS) with correction for autocorrelation of residuals for up to two lags. The first set of results is shown
in Table 1. As seen, most coefficients are statistically significant and have the expected signs with
reasonably high R” statistics. Since the main objective is to estimate a correctly-specified short-term
relationship, to incorporate information on the stochastic behavior of the estimated parameters when
generating out-of sample prediction of monetary aggregates, in addition to deriving long-term elasticity
estimates of money demand with respect to income and interest rates, the error correction model (ECM)
of eq. (11) is estimated.

TABLE 1
Estimates of the regression models of eqs.(5) and (10) in first differences with money demand as

dependent variable (Aln m,) and income (Aln y,, Aln y.;, Aln y,.5 ), interest rates (Aln r,) and lagged
dependent variable (Aln m,; ) as the independent variables.

Dependent

variable Aln y, Aln y,; Aln y,., Aln r, Aln m,; R’ Root MSE
Alnmy, ?ff;)ﬁ ff()l;)% ?ffé)é 0.45 0.0125
i G947y codh ooy oy M oo
sinm, 0277 0149 061y
R

Note: Values in parentheses are t-ratios. * indicates significance at 1% level while ** indicates significance at the
5% level and *** indicates significance at 10% level. Root MSE indicates the accuracy of estimate.

Next, we test for cointegration of money demand with income and interest rates by estimating the
cointegrating regression of eq. (8), and testing for stationarity of the estimated residuals using the ADF
test. Parameter estimates of the cointegrating equations of egs. (3) and (8) along with ADF test statistics
(tau-values) are presented in Table 2 below. All ADF values are statistically significant at the 1% level
suggesting that residuals from both equations are stationary, which implies existence of a long-run
equilibrium relationship between the money demand, income and interest rates. As seen, long-run
coefficient estimates of income and interest rates in the cointegrating equations are generally significant
and have the expected signs. Coefficient estimates of the interest rates are consistently significant at the 1
percent level and possess the correct sign in all the four variants of the money demand equation; even in
the fourth equation, that coefficient is statistically significant at the 5% level. Although statistically
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significant, the estimates are uniformly inelastic and fall below one in magnitude. The income coefficients
show mixed results with only one of the four coefficients being statistically significant and possessing the
correct positive sign. The overall results for the equations in levels are in line with theoretical
propositions of the theory of demand for money although not much can be said regarding the estimated
parameters as variables are found non-stationary.

TABLE 2

Estimates of the cointegrating regressions of eqs.(3) and (8) with money demand as the dependent variable (In
my) and income (In y, In y.,, Iny.,), interest rate (In r,), and lagged dependent variable (In m, ;) as independent
variables.

Dvef rizcblf:t Constant Iny, Iny. Iny. Inr Inyei R i[();é ADF
In my, '2'092‘;’)1 ?:_)3557)2 ;i‘&o 79)3* ((;192? 099 0.0118  -13.42°
S o B S ST TR
w04 00003 D05 0BT gy oo e
- 00002 0.0455  -0.1248 0079  -0.0043 0995 oo oo L

(0.66) (0.66) (-126)  (1.21)  (-2.90)"  (42.12)

Note: Values in parentheses are t-ratios. * indicates significance at 1% level while ** indicates significance at the 5% level.
Root MSE indicates the accuracy of estimate. ADF stands for the Augmented Dickey-Fuller Statistic.

Parameter estimates of the ECM of egs. (6) and (11) are presented in Table 3. Lagged residuals from
the cointegrating regressions egs. (3) and (8) are used to examine short-run adjustments in money demand
to long-run disequilibrium. We expect lagged residuals and the dependent variable to be negatively
correlated to indicate mean-reversion in the dependent variable toward the long-run trend of the
relationship between money demand, interest rates and income as estimated from the cointegrating
regression equation. In all the four variants of the money demand ECM equation, the long-run
relationship between money demand, income and interest rates is confirmed by statistical significance of

the estimated coefficients y, and y for lagged residuals term (e,_, ). The sign of the lagged residual term’s

coefficient is negative as expected which suggests that money demand surely exhibits a tendency to revert
to its long-run conditional mean (trend) determined via its relationship with levels of income and interest
rates. Most of the coefficient estimates for the other independent variables in the ECM equation are
generally statistically significant and possess the expected correct signs. For example, the interest rate
coefficient estimate ranges from a low value of -0.0086 to a high value of -0.0112. These estimates
represent the short-run impacts of changes in interest rates on demand for money.
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TABLE 3

Estimates of the error correction models of eqs.(6) and (11) in first differences with money demand as
dependent variable (Aln m,) and lagged residual (e..;), income (Aln y, Aln y,;, Aln y,.,), interest rates (Aln r,)
and the lagged dependent variable (Aln m, ;) as independent variables.

Dependent

veci’ibeen Aln y, Aln yr.g Aln y,, Aln 1, Alnmy, e R°  Root MSE
20,0804 0.0068 11581 -0.9579

tn myq (-1.19) 213" (L) (826 000 0013
00094 00481 02143  -00086 12487  -1.05

In s 0.11)  (053) (247" (268 (1112 (793 09 0013
0.1170 00111 08411  -0438

In may (1.96)* 451y (11.56) (-5.54) 068 0.0086
0.1415  -00748 00852  -00112 08019  -0.4281

In-my (2.12)**  (-1.13) (9.34)" (-4.45)  (934)° (467 0.68  0.0086

Note: Values in parentheses are t-ratios. * indicates significance at 1% level while ** indicates significance at the 5%
level. Root MSE indicates the accuracy of estimates.

LONG-TERM ELASTICITIES

Many recent studies on demand for money have estimated only the cointegrating equation to
determine long-run money demand elasticities. While Stock (1987) established the long-run equilibrium
relationship and the consistency of parameter estimates through stationarity of the residuals, the estimated
relationship cannot be used directly. The parameter estimates are not reliable when variables are
nonstationary. Therefore, an attempt is made in this study to derive the complete —adjustment or steady-
state income and interest rate elasticities of money demand after estimating the correctly specified error
correction model with stationary variables shown in egs. (6) and (11).

The ECM specification (6) can be written as

Alnm, =y, Alny, +7,Alnr, + y;Alnm,  +y,(Inm, , —1lnm, )

(12a)
where Inm, , is the estimated value of Inm, ,
or
Alnm, =7, Alny, +y,Alnr, +y,Alnm, |
+7,(nm_ =y, -7 Iny_ -y, Inr_ —y;lnm,_,) (12b)

where y, = Aa,,da; =y, fori=12and 1-1=y;

Under the long-run adjustment process, Alnm, ,Alny,,Alnr,, and Alnm, ,eventually reach so that the
ECM assumes the following form:
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0=7,(dnm_ -y, -y, Iny,_ —y,Inr,_ —y,Inm,_,) (12¢)

Under complete or long-run adjustment in m, let m = Inm, for1=0,1,2
Then at time t, the dynamic equilibrium or steady state relationship between m and y, r is
70A n 71A Iny, + 72A 1

m=Inm, =
I-y; 1=y, 1-7,

nr,

or

Inm,=7,+7,Iny, +7,Inr, (12d)
Here 7, depicts the cumulative long-run impact of a change in income or money demand, and it this long-
run income elasticity rather thany, from eq. (5) which represents the short-term effect of income on

money demand that is of interest to policy makers. In order to examine the significance of 7, (and7,), we
need the standard errors of these composite terms for which we use the following formula:

} Var(yi){(lfﬁ} Var(y,) + 2{1_1% }[(l _7;3)2 } Cov(y,,7,) fori=172

Var(r,) = L !

V3

Taking the square root of the variance estimate above, we compute the t-statistic for the income elasticity
coefficient estimate 7, . Applying the same procedure to the broader ECM equation (11), we obtain

nr,

s s .
m=lnm =20 T2 T s gy Vs

1=y 1=y 1=y
or

A A o
Inm, =7, +7/Iny, +7,Inr,

(13)

Here 7| and 7,, respectively, represent the long-run income and interest rates elasticity estimates of
demand for money. Thus, the long run income elasticity of the demand for money is given by

NVt

V4
7| 4

and the interest elasticity is given by 7, = . Statistical significance of 7, is
-y, 1=7;
tested by deriving its standard error as the square root of the variance estimate:

Var(z)) = (Z—T{J Var(y,) + (S—T;J Var(y,) + (ZT{ j Var(y,)+ {ST{ J Var(ys)

71 72 7/3 75

or] Ot/ or] Ort! or] Ot
+2-—L-—L.Cov(y,,7,) +2-—L-—L-Cov(y,,75) +2-—--—L-Cov(y,,

5. o, (71>72) 5. o, (7>73) 5. o, (7575)

or, Ot or, Ot or, Ot
+2-———-Cov(y,,7;) +2-—-—-Cov(y,,7s) +2-—-—-Cov(y;,75)

0y, 0y, Oy, 0ys Oy 0¥s
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Table (4) below presents estimates of the long-run income and interest rate elasticity estimates of the
steady state demand for money relationships (12d) and (13). Both income and interest rate elasticities in
the case of M1 are statistically significant and possess the correct sign. The income elasticity estimate is
0.75 on average, while the overall interest rate elasticity is -0.67. In the case of M2 nothing is significant
suggesting that under complete or long-run adjustment process, M2 reaches its steady state level to a
constant.

TABLE 4

Long-run elasticity estimates of demand for money

Dependent variable Iny, 7y
0.7445 -1.2
M (Eq. 3 * *
n(Eq. 3) (34.73) (-3.58)
0.748 -0.145
M, (Eq. 8 . .
1(Eq. 8) (27.19) (-3.85)
-1.193 -14.93
M> (Eq. 3
x(Eq. 3) (-0.007) (-0.013)
-0.6 -8.692
My (Eq. 8
x(Eq. 8) (-0.008) (-0.021)

Note: Values in parentheses are t ratios. * indicates significance at 1% level.

SUMMARY AND CONCLUDING REMARKS

An attempt is made in this study to estimate aggregate demand for money for the U.S. with quarterly
data covering the period Q1-1954 to Q4-2008. Gross national income and interest rates are used as
primary determinants of demand for money. Nominal interest rates are used as they incorporate both real
interest rates and expected inflation. All the variables are measured in current U.S. dollars. The traditional
reduced form type demand for money is specified starting from a partial adjustment process for the
desired aggregate demand for money. Cointegration between money demand, income and interest rates is
accommodated in the final specification via inclusion of an error correction term. Unlike the majority of
prior studies that resorted to a cointegration approach, a unique approach is followed here to derive long-
run income and interest rate elasticity estimate.

The overall results indicate presence of significant income and interest rate effects on money demand;
further, the estimated parameters all have the correct sign. This result holds true when estimating both
short-run and long-run money demand elasticity estimates. We are also able to derive the long-run income
and interest rate elasticity estimates of the demand for money unlike many other articles in the literature
employing the cointegration time-series econometrics approach. For M1, the long-run elasticity estimates
are of the expected positive sign for income and negative sign for interest rates, and are both statistically
significant. For M2, the long-run elasticity estimates were not statistically significant which suggests that,
in the long-run, M2 tends to approach its unconditional mean as it is unaffected by both income and
interest rates. Obviously we have to further investigate this discrepancy in results between M1 and M2.
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ENDNOTES

1. Khan (1974), Laumas and Mehra (1977), Hafer and Hein (1980), Laumas and Spencer (1980), Judd and
Scadding (1982), Klovland (1982), Ram and Biswas (1983), Mizrach and Santomero (1986), Fair (1987),
Ahmad and Khan (1990), Swamy and Tavlas (1992), Ball (2001), Duca and VanHoose (2004), Rao and
Kumar (2007), Choi and Jung (2009), and Hsing and Jamal (2011)

2. Hondroyiannis, Swamy and Tavlas (2001)

3. Itis to be noted that the partial adjustment mechanism has been specified both in real as well as in nominal
terms in the literature. It appears that no consensus has emerged in favor of one or the other.

4. The Changes in variables present only short-run effects because they are period to period changes, and
information contained in the levels of the variables about the long-term relationship is lost
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