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U.S. MONEY DEMAND: STRUCTURAL SHIFTS OR
HETEROGENEOUS AGENTS?

STUART LANDON*

This paper examines whether observed “structural shifts” in the money demand
function could be the result of agent heterogeneity due to different household income
levels. Following the methodology of Stoker [1986], income distribution variables are
found to be significant determinants of money demand, and once changes in the dis-
tribution of income are accounted for, there is no evidence of parameter instability. A
money demand function incorporating income distribution effects is shown to perform
as well or better than several standard alternatives on the basis of diagnostic tests,
non-nested hypothesis tests, within-sample prediction errors and out-of-sample fore-

casting.

I. INTRODUCTION

A major objective of the empirical
money demand literature has been the
specification and estimation of a relatively
parsimonious money demand function
which is stable over time and satisfies
basic goodness-of-fit tests, is characterized
by reasonable dynamics, and can accu-
rately forecast out of sample. As noted in
Judd and Scadding [1982] and Rasche
[1987] (and the references therein), most of
the estimated demand for money func-
tions produced have been characterized
by structural shifts and relatively slow
adjustment (or large serial correlation co-
efficients). What causes these results and
how they should be interpreted are the
subject of considerable controversy.

The present study proposes an alterna-
tive specification for the money demand
function which is parsimonious, implies
rapid adjustment of real money holdings,
shows no sign of instability, cannot be
rejected by several measures of goodness
of fit, and forecasts better than several

* University of Alberta. I gratefully acknowledge
the comments of Paul Boothe, Adolf Buse, Brad Reid,
Connie Smith and two anonymous referees.

Economic Inquiry
Vol. XXX, July 1992, 496-510

alternative specifications. The important
innovation in the money demand function
estimated below is the incorporation of
agent heterogeneity as reflected in differ-
ent household income levels. The impact
of income distribution on estimates of the
money demand function was raised, but
not investigated, by Goldfeld [1973], while
the potential importance of income distri-
bution to the estimation of aggregate mac-
roeconomic equations in general was
made clear by Stoker [1986].

If the aggregate demand for a good is
specified to be a function of aggregate or
average income only, micro-level Engel
curves must be linear (and parallel). If
they are non-linear (or non-parallel), so
that marginal demand propensities differ
for agents with different incomes, a real-
location of income from one income group
to another which leaves average income
unchanged will alter total demand. If this
is not accounted for during estimation, the
estimated coefficients of the aggregate de-
mand function will be biased. This bias
could lead to incorrect estimates of de-
mand elasticities and could potentially
result in estimates which are characterized
by slow adjustment (or large serial corre-
lation coefficients), as in Stoker [1986] and
Buse [1992], or parameter instability.
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LANDON: MONEY DEMAND WITH HETEROGENEOUS AGENTS 497

Barnett and Serletis [1990] examine the
issue addressed in this paper by taking a
demand systems approach to money de-
mand. Using Barnett’s [1979] version of
the Rotterdam model, they estimate de-
mand functions for Divisia indices of each
of three monetary sub-groups of the Fed-
eral Reserve’s L aggregate (M1, M2 less
M1, and L less M2).! These three money
demand functions have as arguments the
user cost of each of the three sub-aggre-
gates as well as an income variable which,
for the case considered, is equal to a Divi-
sia index of the components of L.2 Barnett
and Serletis test exact aggregation over
consumers by including the Divisia sec-
ond moment of the components of the
income variable as an additional explana-
tory variable in the demand system. Their
results indicate that there is no significant
gain to the inclusion of distribution effects
(Divisia variances) in the demand func-
tions for these three sub-categories of
monetary aggregates.

The present paper differs from Barnett
and Serletis in two principal ways. First, I
aim to provide an alternative explanation
for the “shifts” in the money demand
function that have been the focus of much
empirical research in the money demand
literature. To this end, the specification of
the demand for money function used here
is designed to remain as close as possible
to that used elsewhere in the literature. In
particular, I use a single equation ap-
proach, and most of the explanatory vari-
ables included have been employed in
previous studies. Because the models esti-
mated below remain similar to those in the
existing literature on shifting money de-
mand functions, the discussion can focus
on the impact of income distribution ef-
fects. The second difference between the

1. See Barnett and Serletis {1990] for a discussion
of Divisia indices.

2. This specification requires that the components
of L enter the utility function and that they are weakly
separable from the other arguments of this function.

approach taken here and that of Barnett
and Serletis is that the importance of the
distribution of income for money demand
is tested using Stoker’s [1986] quantile test
which explicitly incorporates income dis-
tribution data.

The paper is organized as follows. An
aggregate money demand function consis-
tent with both linear and non-linear Engel
curves is derived in section II. Section III
describes the data, provides estimates of
the money demand function, and gives the
results of several diagnostic tests. In sec-
tion IV several common alternative money
demand specifications are estimated.
These are then compared to the estimates
of section III on the basis of diagnostic
tests, non-nested hypothesis tests, fit dur-
ing extraordinary periods, and forecasting
ability. Section V provides a brief sum-
mary and conclusion.

il. AGGREGATING MONEY DEMAND?

The real money demand of an individ-
ual (or household) is generally assumed to
be a function of the individual’s income
and a vector of other variables which may
be time varying, but which are identical
across individuals (i.e. interest rates). Es-
timated money demand functions, on the
other hand, usually relate average or ag-
gregate money holdings to average or ag-
gregate income. This approach implicitly
assumes that a redistribution of income
from one individual to another which
leaves average income unchanged will
have no effect on aggregate money de-
mand. However, if micro-level demand for
money functions are non-linear in income
(or linear and non-parallel), a redistribu-
tion of this type will alter total money
demand.

To derive an aggregate money demand
function which is consistent with both
linear and non-linear micro-level demand

3. The analysis in this section closely follows
Stoker [1986] and Buse [1992].
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for money functions, begin with the real
money demand function of an average
individual in income class i during period
4

(1) Mit = th + V(y,), i = 1,...N,

where

y; = average real income of individuals
belonging to income class i,

z;,= a vector of variables common to

all individuals,

the number of cells in the income

distribution.

Letting P, be the proportion of individuals

in income class i, average money demand
across all income classes in period ¢ is

N-=

(2) M= Y PyM;=Bz+ Y PyV(y).

Equation (2) can only be simplified to a
function of average income ¥, (which
equals ZPy,) if V(y)) is linear in y,.6

By re-formulating equation (2), it is
possible to construct an estimable money

4. In writing equation (1) we chose to remain as
close as possible to the empirical money demand lit-
erature that has found evidence of shifts in the money
demand function (Goldfeld [1976] and Rasche [1987}
for example) while incorporating potential non-linear
micro-level income effects. Both Goldfeld and Rasche
justify their specifications of the money demand func-
tion by reference to transactions models of money de-
mand. It is implicitly assumed that this type of func-
tion at least locally approximates the money demand
behaviour of utility-maximizing agents as derived, for
example, in Lucas [1988].

5. The average for each class is assumed to be time
invariant. Since the proportion of households in each
income class can vary through time, this does not
imply that average real income per household across
all income classes is time invariant.

6. This follows because V(-) is not indexed by i
and, therefore, linear micro-level demand functions
would be parallel. If V(-) were linear but varied across
individuals, so that individual demand functions were
linear but non-parallel, average money demand could
not be written as a function of average income only.
Linear micro-level demand functions which are not
parallel across income classes can be thought of as
linear approximations to a non-linear V(:). Conversely,
a non-linear V{(-) can be used to proxy linear, but non-
parallel, micro-level demand functions.

demand function which relates average
money demand to average income while
also accounting for potential non-linearit-
ies in micro-level money demand func-
tions. Using vector notation, the last ele-
ment of equation (2) can be rewritten as

(3) V,= VP,

V,= the average income dependent
component of money demand,

V = an N-element vector of the income
dependent components of money
demand for each income class,

P=an N-element vector of the propor-
tion of individuals in each income
class.

Let X = (i Y) where i is an N-element vector
of ones and Y is an N-element vector of
the average income of individuals in each
income class. Defining R as X(X'X)1X’, it
is possible to form the orthogonal decom-
position of V,:

4)  V,=VP,= V'RP,+ V'(I-R)P,
= VXX'X)'X'P, + V'P,
=a+yy,+ i‘Pt.

The parameters a and y are given by
V'X(X'X)! and are the outcome of a cross-
section regression of V on X which yields
the residual vector V.7 The matrix product
X'P, equals (1y) since i'P,=1 and
Y'P,=Yy, Only if individual money de-
mand functions are linear would the mar-
ginal effect of income on money demand
be the same for all income classes and the
residual (V) from the cross-section regres-
sion of V on X be zero.

Substitution of (4) into (2) yields a func-
tion relating average money demand to

7. The time invariance of the y;, the elements of
Y, is necessary for a, y and V to be time invariant.
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average income which is consistent with

non-linear micro-level money demand
functions:

(5)  M,=a+Bz,+yj,+ VP, +,

where ¢, is a random error.®2 Equation (5)
implies that the bias in aggregate coeffi-
cient estimates which follows from the
non-linearity of micro-level demand func-
tions can be accounted for by adding the
proportion of the population in each in-
come class to the list of explanatory vari-
ables. The coefficients on these P, variables

reflect movements in money demand due
to shifts in the distribution of income. The
coefficient on the average income term, on
the other hand, accounts for movements
in money demand due to changes in av-
erage income, holding the distribution of
income constant.

The extent of non-linearity in micro-
level money demand functions can be
determined by testing whether V is signif-
icantly different from zero in equation (5).
The a priori imposition of this zero restric-
tion when it is actually untrue would
subject estimates of a, B and y to the usual
excluded variable bias.

In the orthogonal decomposition of V,
used above, V'R and V’(I-R) (which equals
V') are orthogonal and, therefore, V' must
be orthogonal to i and Y. These two or-
thogonality restrictions must be satisfied
when estimating and testing the parame-
ters of equation (5). As a result, a test of
the significance of the income distribution
effects in the aggregate money demand
function, that is that V=0, has only N - 2
degrees of freedom since only N - 2 ele-
ments of the N-element vector V are inde-
pendent.

As proposed by Stoker [1986], a simple
method of satisfying these two orthogo-
nality restrictions is to exclude two income

8. See Stoker [1986] and Buse [1992] for a discus-

sion of the source of g, .

classes from P, This forces the cross-sec-

tion regression of V on X to pass through
the observations corresponding to these
two excluded classes and yields the esti-
mating equation

(6) M, =a* +B*z+y*F,+ V*'P; + &,

where P; does not include two elements
of P,. The vector V* measures the extent

to which the demand for money of the in-
come classes included in P; differs from

that of the two excluded classes. If dis-
tributional effects are unimportant, the de-
mand for money of the classes included
in P; should be insignificantly different

from that of the excluded classes and V*
should be zero. Thus, a test of whether
V* is zero can be used to determine the
significance of income distribution effects
on money demand.

lil. ESTIMATES OF A MONEY DEMAND

FUNCTION WITH DISTRIBUTIONAL EFFECTS

Equation (6) is an estimable money de-
mand function which, other than the in-
corporation of income distribution vari-
ables, is similar to that estimated in much
of the money demand literature. The de-
pendent variable in this equation, how-
ever, is the level of the real quantity of M1
per household (RM1) rather than the log
of aggregate M1 as is often used. I use
household levels rather than logs so that
the micro-level demand functions [equa-
tion (1)] can be summed to yield the ag-
gregate money demand function [equa-
tion (2)].°

9. The data on M1 include observations for 1952
through 1958 which have been made consistent with
later observations using an adjustment proposed in
Rasche [1987]. Use of data without this adjustment as
well as with a further adjustment for the introduction
of NOW accounts (also suggested by Rasche) has al-
most no effect on the estimates. Goldfeld and Sichel
[1987] also splice pre- and post-1959 data and find it
makes no difference to their results. If aggregate,
rather than per household, data is used, the coefficient
estimates reported below are affected only marginally
(though the fit of the money demand function is not
as precise).
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Following general practice in the
money demand literature, one element of
2, is assumed to be the opportunity cost of

holding money. This is proxied by the
three-month U.S. Treasury bill yield (R).20
Real personal income per household (RPI)
is used as the average income measure
since it is the income measure which is
most consistent with the income distribu-
tion data.l!

The available real income distribution
data give the proportion of households in
each of six income classes: those with
incomes (in constant 1986 dollars) under
$5,000 (PU5); $5,000 to $9,999 (P5T10);
$10,000 to $12,499 (P10T125); $12,500 to
$14,999 (P125T15); $15,000 to $24,999
(P15T25); and $25,000 and over (P250). As
noted in section II above, the two orthog-
onality restrictions which follow from the
derivation of equation (5) can be satisfied
by dropping two income classes from the
estimating equation. Following Stoker
[1986], the estimates given below all ex-
clude the middle two classes.1?

10. As pointed out in Barnett [1978; 1980], the in-
terest rate is not the user cost of money implied by
economic theory. Estimates using the correct user cost
were not significantly different from those using a sim-
ple interest rate except that the F-statistic for a test of
the hypothesis that the income distribution terms are
jointly zero became larger in all cases. The results re-
ported below are all for estimates which employ the
simple interest rate since this is more consistent with
the “shifting” money demand function literature than
is the true user cost. There were also no statistically
significant changes in the coefficient estimates if a con-
stant maturity U.S. Government five-year bond yield
is used in place of the Treasury bill rate.

11. Both personal income and the money supply
are deflated using the Consumer Price Index since this
index is used in the derivation of the constant dollar
income distribution data and, in addition, it is the price
index most consistent with the household demand for
money. If real GNP is used, as is more common in the
money demand literature, in place of real personal in-
come, the significance of the distribution variables and
the magnitude of the interest elasticity do not change
appreciably, but the income elasticity of money de-
mand falls.

12. Since the two orthogonality restrictions are not
explicitly incorporated in the estimating equation, the
estimated coefficients will vary depending upon
which two income classes are dropped. The sensitivity

I include the total number of house-
holds (H) as an explanatory variable for
two reasons. An increase in population
density is likely to lead to an increase in
the number of banking facilities, lower the
cost of financial transactions and reduce
the demand for real money balances. In
addition, technical change in the provision
of banking services over the sample pe-
riod is likely to have been highly corre-
lated with the growth in the number of
households (and may, in fact, not be inde-
pendent of this growth). As a result, H is
assumed to be an element of the z, vector

in the micro-level money demand function
and, therefore, appears as an explanatory
variable in the estimated aggregate money
demand function.

Two shift dummies are also included as
regressors to allow for possible structural
shifts in the money demand function.
These allow the intercept of the money
demand function to shift at the beginning
of 1974 (D74) and again at the beginning
of 1982 (D82). There is still considerable
controversy concerning the exact timing of
these shifts. The beginning of 1974 was
chosen on the basis of the evidence in
Goldfeld [1976], Hafer and Hein [1982]
and Judd and Scadding [1982] while the
beginning of 1982 was chosen on the basis
of evidence provided by Rasche [1987].
(The dates of these shifts were not modi-
fied once estimation had begun.)

Equation (6), incorporating the vari-
ables described above, was estimated
using annual data for the 1953 to 1986
period. The sample period (similar to that
in most of the literature) and periodicity
of the data were constrained by the avail-
able income distribution data. Estimates

of the estimated coefficients to the particular income
classes dropped was examined by re-estimating the
model with the highest two and then the lowest two
income classes excluded. In both cases the included
distribution variables remained jointly significant, and
the interest and aggregate income coefficients did not
change significantly.
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were obtained using mid-year (June) ob-
servations for all but the income variables
in order to avoid the introduction of a
moving average error through averaging.
The annual value of the aggregate per-
sonal income variable was used in order
to remain consistent with the income dis-
tribution data.l3 (Exact definitions and
sources of the data are provided in Appen-
dix A.)

The money demand function was ini-
tially estimated using the current value
and one lag of all the explanatory vari-
ables (except the shift dummies) as well as
a lagged dependent variable. Tests of the
restriction that the coefficients on the
lagged variables are zero either individu-
ally or jointly could not be rejected at a 95
percent confidence level.’* Columns 1.1
and [.2 of Table I provide estimates of the
money demand function with these zero
restrictions imposed as well as with zero
restrictions imposed on all lagged vari-
ables except the lagged dependent vari-
able. Columns 1.3 and 1.4 give estimates of
these same money demand functions, but

13. As in Goldfeld [1973], the use of annual aver-
ages rather than mid-year observations does not sig-
nificantly alter the coefficient estimates. They are also
not altered significantly by the use of data from March,
September or December rather than June. The F-sta-
tistic for the inclusion of the income distribution vari-
ables using data from each of these three months, and
the model from column 1.4 of Table I, are, respectively,
18.83, 14.60 and 8.97 (while the 5 percent critical value
is 2.75).

14. This test is essentially equivalent to testing for
a common factor of zero as noted in Hendry and
Mizon [1978] and follows the methodology proposed
therein. A general distributed lag specification encom-
passes a wide variety of specific dynamic models, as
noted in Hendry, Pagan and Sargan [1984], including
the standard partial adjustment model. A lag length
of one was chosen ex ante since the data employed is
annual, and with only thirty-two available observa-
tions estimating a general model with two lags is likely
to be asking too much of the data. The appropriate
lag structure and, in particular, the appropriate partial
adjustment mechanism, has received considerable at-
tention in the literature (see Goldfeld [1976], Goldfeld
and Sichel [1987], and Rasche [1987]). Rather than
starting with a general lag structure (Rose [1985] is an
exception), the principal issue in this literature has
been whether real or nominal money balances adjust
according to a partial adjustment mechanism.

with zero restrictions imposed on the two
shift dummy variables as well. Though
statistically insignificant at the 95 percent
confidence level, the lagged dependent
variable is included in two of the four
versions of the model in Table I for com-
parison with previous studies which have
used a partial adjustment specification of
this type.!®

The estimates in Table I explain a large
proportion of the movement in the depen-
dent variable, and an Lagrange multiplier
test for serial correlation proposed by
Godfrey [1978] cannot reject the hypothe-
sis of no serial correlation in all four cases.
(Thus, there is no evidence of the spurious
correlation problem described by Granger
and Newbold [1974].) Furthermore, the
coefficient on the lagged dependent vari-
able is not large nor particularly signifi-
cant in the two equations in which it is
included. The failure to find serial corre-
lation is not characteristic of much of the
money demand literature (see Rasche
[1987] for example), but is characteristic of
other studies incorporating income distri-
bution effects (Stoker [1986] and Buse
[1992]).

A Breusch-Pagan [1979] test for
heteroskedasticity (also a general test for
misspecification) could not reject the hy-
pothesis of homoskedastic errors for all
four equations.

15. The assumption that money demand is homo-
geneous of degree one in prices was examined by add-
ing the price index to the equations of Table L. In none
of these four cases was this variable statistically signif-
icant. Several studies of money demand have included
the actual inflation rate as an explanatory variable. In
the models of Table I, this variable is not significant
except when the equation includes a lagged dependent
variable. This may indicate, as suggested by Goldfeld
and Sichel [1987], that the restrictions imposed by the
real partial adjustment mechanism may not be war-
ranted. MacKinnon and Milbourne [1984] and
Cuthbertson and Taylor [1987] have suggested that un-
anticipated inflation may be an important determinant
of money demand. Due to the considerable controversy
surrounding the definition of unanticipated inflation,
we have not pursued this direction of analysis. Using
annual data Rasche [1987] found no evidence to sug-
gest that it is important.

Copyright (c) 2004 ProQuest Information and Learning Company
Copyright (c) Western Economic Association



502 ECONOMIC INQUIRY

TABLEI
Real M1 Demand with Income Distribution Effects
I1 I.2 L.3 14
Constant 4554.4 5930.3 4566.3 6430.2
(1.78) (2.37) (1.85) (2.68)
R ~-14.76 -17.53 -14.30 -17.29
(2.71) (3.27) (2.75) (3.31)
RPI 36 43 .36 41
(4.55) (6.11) (5.22) (6.17)
pPus =31 -7.38 4.03 -14.96
(.01) (19) (12) (.43)
P5T10
-93.53 -120.13 -96.51 -120.30
(1.75) (2.28) (1.92) (2.33)
P15T25 -26.48 ~29.95 -27.07 -33.68
(1.40) (1.54) (1.49) (1.79)
P250 -55.13 -67.66 -53.19 -67.83
(2.83) (3.65) (2.86) (3.79)
RM14 21 21
(1.63) (1.94)
H -26419 -33029 -27591 -35318
(4.81) (8.61) (5.63) (11.71)
D74 -33.63 -19.17
(.58) (:32)
D82 -13.82 -52.57
(:26) (1.07)
R? 992 992 992 991
Godfrey LM Test 2.45% 41* 1.96* .06%
for AR1 ()(2 test
with one degree of freedom)
Breusch-Pagan 16.66° 14.01° 14.65° 13.22°
LM Test for (10) ) (8) 7)
Heteroskedasticity
F-Test of Zero 8.07 18.05 19.68 25.78
Restrictions on the (4,23) (4,24) (4,25) (4,26)

Distribution Variables

Note: The numbers in parentheses under a coefficient estimate are the absolute values of the t-statistics.
Those under a test statistic are the degrees of freedom for the test.

#Cannot reject no serial correlation at 95 percent.
PCannot reject homoskedasticity at 95 percent.
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Several authors, in particular Cooley
and LeRoy [1981], have raised the possi-
bility that the interest rate may be endog-
enous as a result of Federal Reserve
behaviour. A test of the hypothesis that the
interest rate and the errors in the money
demand equation are independent was
carried out using the methodology pro-
posed in Hausman [1978]. For the equa-
tions given in Table I, this test could not
reject the hypothesis of independence.®

As indicated in Table I, a test that the
income distribution variables are jointly
insignificant is decisively rejected.'’ Fur-
thermore, there is no indication that the
distribution variables or the number of
households are simply proxying a trend
movement in money demand. With the
addition of a trend to the models of Table
I, the distribution variables and the num-
ber of households remain significant
(though in one case the latter is significant
at slightly less than the 95 percent confi-
dence level).18

As noted above, a large part of the
money demand literature has concluded
that the money demand function shifted

16. The instruments used in this test were all the
explanatory variables except the interest rate, all ex-
planatory variables lagged, lagged prices, a trend, and
lagged real GNP. Estimation of the money demand
function using instrumental variables did not produce
any significant changes in the estimated coefficients.
Most other money demand studies have found the
same result. See, for example, Goldfeld [1976], Rasche
[1987] and Rose [1985].

17. As noted at the end of section II, the coefficients
on the income distribution variables measure the dif-
ference between the real per household level of money
demand for the income classes included in P; and that
of the excluded classes. The statistical insignificance
of the estimated coefficient on PU5, for example, in-
dicates that money demand by individuals in this class
is insignificantly different from that which would be
predicted for this income level by a money demand
function that is consistent with the demand for money
by the two income classes excluded from P; .

18. For the models in columns 1.3 and 1.4 of Table
1, the test statistics for the significance of the income
distribution variables following the introduction of a
trend are, respectively, 13.23 (4,24) and 12.90 (4,25).
The t-statistics on the trend variable in the two cases
are -.70 and -1.28.

in the mid-1970s and again in the early
1980s. However, in Table I the two shift
dummies are never individually or jointly
significant. In addition, F-tests for struc-
tural change at the end of 1973 or the end
of 1981 cannot reject the hypothesis of
parameter stability for any of the four
models in this table.1 These results sug-
gest that evidence of structural shifts in
the money demand function may be the
result of aggregation bias. In other words,
changes in the quantity of money de-
manded during the mid-1970s and early
1980s were partly the result of shifts in the
distribution of income, the effect of which
on money demand could not be ade-
quately proxied by aggregate income due
to the non-linearity of individual money
demand functions. An examination of the
income distribution data provided in Ap-
pendix B supports this finding. In the
early to mid-1970s, at approximately the
same time as the money demand function
is supposed to have shifted, the distinct
upward trend in the distribution of in-
come came to an end. Furthermore, in the
early 1980s, at which time the money
demand function is also thought to have
shifted, there was a brief downward shift
in the income distribution.

IV. A COMPARISON WITH %TERNATIVE
SPECIFICATIONS

The relative usefulness of the money
demand specification described and esti-
mated in the previous section can be ex-

19. The test statistics for the end-of-1973 break are,
for columns 1.1 through 1.4 of Table I respectively: .71
(8,15); .66 (7,17); .69 (9,16); and .73 (8,18). The test sta-
tistics for a break at the end of 1981 are: 1.79 (5,19);
1.70 (5,20); 1.53 (5,20); and 1.86 (5,21). The numbers in
parentheses give the degrees of freedom for the tests.

20. The alternative models introduced in this sec-
tion were specified on the basis of the existing literature
and were not the product of a specification search.
These specifications were particularly influenced by
Goldfeld [1973; 1976] and Rasche [1987]. There are a
large number of alternative specifications which could
have been used, and thus the comparisons made here
are for illustrative purposes only.
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amined by comparing it to some common
alternatives using the same data set and
household specification. Table II contains
estimates of several money demand func-
tions which do not include income distri-
bution variables, but which incorporate
various combinations of shift dummies for
the beginning of 1974 and 1982 and, as
suggested in Rasche [1987], a trend shift
dummy (T82) starting at the beginning of
1982.2! The two shift dummies are jointly
significant in all instances, as is the trend
shift dummy, and the hypotheses of
homoskedasticity and noserial correlation
cannot be rejected in all five cases.?? In
addition, parameter stability cannot be
rejected for any of these models for the
1974 break, though it is rejected for the
1982 break in models I1.1, I1.2 and 11.4.23

The estimates in Tables I and II are
similar with respect to some simple diag-
nostic tests while the models given in
Table I and those in columns II.3 and I1.5
of Table II show no sign of parameter
instability (which cannot be accounted for
with shift parameters). Several approaches
can be taken to further compare these
alternative specifications. These include:
non-nested hypothesis tests, a comparison
of model fit over periods of possible
money demand instability, and forecasting
ability over the same periods.

21. Estimates which do not include any shift dum-
mies or income distribution variables reject both
homoskedasticity and the hypothesis of non-serially
correlated errors unless a lagged dependent variable
is included. In this latter case, however, the parameter
estimates are characterized by an implausibly small
income elasticity and slow speed of adjustment. In ad-
dition, an F-test rejects parameter stability for a break
at the beginning of 1974 as well as for a break at the
beginning of 1982 in all versions of the model that
exclude shift dummies and distribution effects.

22. The number of households is not included in
the models of Table II because it was never significant
and its inclusion did not alter the significance of the
trend variable.

23. The inclusion of dummy variables in these
equations implies that the tests for parameter stability
are for the coefficients on the variables which have no
dummy variables associated with them.
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Since the models of Table II are not
nested within the specifications of Table I
and vice versa, the J-test of Davidson and
MacKinnon [1981] was used to test models
1.3 and 1.4 of Table I against the alternative
models in Table I1.24 As indicated by the
test statistics in Table III, the two Table I
specifications reject the alternative Table II
specifications in every case and are only
rejected themselves by the model in col-
umn II.5 of Table II, the model which
includes the largest number of structural
shift parameters.

A further comparison of the income
distribution augmented money demand
functions of Table I with the alternative
specifications of Table II involves examin-
ing their fit and forecasts over problem
periods which have previously been iden-
tified in the literature: 1974 to 1976 and
1982 to 1986. Columns 1 and 2 of Table IV
contain the root mean squared residual for
these two periods (as a percentage of the
mean of the dependent variable for the
period) for all the models which appear in
Tables I and II. The root mean squared
residuals of the models in Table I are very
similar to those of Table II for 1974 to 1976,
but tend to be slightly smaller for the 1982
to 1986 period (except relative to model
I1.5). In particular, the models in columns
1.3 and 1.4 of Table I, neither of which
contain structural shift dummies, both
compare favorably with models which ex-
plicitly allow for shifts in the money de-
mand function.

Columns 3 and 4 of Table IV present the
root mean squared errors of forecasts for
1974 to 1976 and 1982 to 1986.% The fore-

24. Model I1.3 is nested within model 1.1, but not
in any of the other models of Table I

25. These forecasts employ parameter estimates de-
rived using pre-forecast period data only. That is, data
for 1953 to 1973 was used to estimate the models’ pa-
rameters to forecast the 1974 to 1976 period while only
data for 1953 to 1981 was used to forecast the 1982 to
1986 period. As a result, the models corresponding to
the specifications of Table II used to forecast the 1974
to 1976 period do not include any dummy variables
and only include the 1974 shift dummy, where relevant,
to forecast the 1982 to 1986 period.
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TABLE II
Real M1 Demand With Structural Shifts and No Distribution Effects*
L1 11.2 113 114 IL5

Constant 1181.8 1323.5 439.63 730.87 1010.2

(8.50) (7.44) (1.42) (3.08) (4.60)

R -16.23 -17.87 -12.75 -12.48 -6.57

(2.97) (3.21) (1.82) 2.32) (1.31)

RPI 29 27 .01 22 21

(15.10) (10.14) (.62) (5.96) (5.87)

RM14 83 30 23

(9.24) (2.28) (2.02)

T -74.37 -68.08 -54.98 -54.63

(20.75) (11.66) (6.00) (6.04)

D74 -60.60 -160.95 -65.07

(1.25) (3.09) (1.71)

D82 168.18 126.50 -1698.60

(3.84) (2.49) (3.14)

T82 5.96 6.23 56.88

(4.97) (5.53) (3.47)

R? 986 986 .980 988 992

Godfrey LM .04? .01? 3.26? 1.91° 2.99?

Test for AR1

Breusch-Pagan 4.87° 6.47° 6.72° 5.81° 11.25°

Test for (4 (5) (5) (6) ?)

Heteroskedasticity

*See note to Table L.

casts of the models of Table I for 1974 to
1976 are slightly larger than those of Table
II, but are appreciably smaller than those
of any of the models of Table II for 1982
to 1986.

The different models estimated above
can be further compared on the basis of
their income and interest elasticities (see
Table V). The interest elasticities of all the
models tend to be small (except in the case
of equation II.3 which is characterized by
extremely slow adjustment). These small
interest elasticities are consistent with the
recent empirical money demand literature
(see Rasche [1987] for example). In the
early empirical money demand literature
it was standard to find estimates of the

income elasticity which were significantly
less than one. The addition of income
distribution variables causes estimates of
the aggregate income elasticity (those with
respect to 7 alone) to be larger than one.

26. As in Stoker [1986] and Buse [1992], the income
elasticity reported in Table V is derived using esti-
mates of they parameter. As a result, it is the elasticity
corresponding to a change in income caused by a
movement in households from one of the income
classes excluded during estimation to the other ex-
cluded class. Using the estimates in Table I and ap-
proximating the mean for each income class, it can be
shown that this reported elasticity is very similar to
the elasticity which would be calculated using an es-
timate of the y parameter in equation (5) as opposed
to ¥y of equation (6). This follows because the coeffi-
cients on the included income distribution terms,
though significant, are small in size relative to the level
of real money holdings per household.

Copyright (c) 2004 ProQuest Information and Learning Company
Copyright (¢c) Western Economic Association



506 ECONOMIC INQUIRY

TABLE III
J-Test Statistics

Alternative Hypotheses
(Models Without Distribution Effects)

Maintained Hypothesis

(Models With

Distribution Effects) 1.1 IL.2 1.3 1.4 I1.5
I3 66 67 .28 51 2.09?
14 53 46 1.77 1.40 2.96%

Maintained Hypothesis

Alternative Hypotheses
(Models With Distribution Effects)

(Models Without

Distribution Effects) 1.3 1.4
II.1 4.79% 4.06*
1.2 4,752 4.04°
II.3 6.65% 6.422
1.4 3.80% 3.53%
1.5 2.322 2.392

Note: These are asymptotic t-statistics.

2At a 95 percent confidence level the maintained hypothesis is rejected.

This confirms the movement in the recent
literature (Rasche [1987] and Lucas [1988])
away from small estimates of the income
elasticity of money demand, and does this
without having to examine the data ex
post in order to determine the proper shift
dummy variables to include.

V. SUMMARY AND CONCLUSIONS

The estimates of the money demand
function reported in Table I incorporate
income distribution effects which account
for possible aggregation bias. These esti-
mates cannot be rejected by several diag-
nostic tests, show no signs of parameter
instability, and do not support the slow
adjustment of money demand. In addi-
tion, the models of Table I compare favor-
ably with alternative models using non-

nested hypothesis tests, are able to ac-
count (without using shift dummies) for
the periods in which the money demand
function was believed to have shifted, and
are able to forecast over these periods
nearly as well or better than the other
specifications examined. Particularly note-
worthy is the ability of models 1.3 and 1.4
to fit the 1974-76 and 1982-86 periods
without the use of ex post shift variables.
While model IL.5 performs slightly better
over these periods, its specification relies
on the ex post examination of the data to
determine the timing of structural breaks.
In contrast, equations 1.3 and 1.4 require
no ex post information to provide a stable
representation of money demand for the
1953-86 period.
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TABLEIV
Comparison of Fit and Forecasts 1974-1976, 1982-1986
(As a percent of mean RM1 for the period.)

Root 1Mean RootzMean Root%\dean Root%vIean
Squared Squared Squared Squared
Residual, Residual, Forecast, Forecast,
Equation 1974-1976 1982-1986 1974-1976 1982-1986
I.1 1.0 2.2 4.2 6.7
1.2 1.7 2.5 43 4.8
1.3 9 2.2 4.2 5.6
L4 1.5 2.8 43 44
1.1 1.2 3.9 35 11.5
1.2 1.6 4.1 3.5 10.6
II.3 .8 33 7.0 7.9
114 1.1 35 35 11.7
IL.5 .6 22 35 10.7
TABLEV
Elasticity Estimates*
Interest Elasticity Income Elasticity
Equation Short Run Long Run Short Run Long Run
I1 -.031 -.039 1.35 1.70
1.2 -.037 - 1.60 -
L3 -.030 -.038 1.34 1.70
1.4 -.036 - 1.53 -
II.1 -.034 - 1.10 -
1.2 -.037 - 1.01 -
1.3 -.027 -.158 .03 177
114 -.026 -.037 .824 1.18
IL.5 -.014 -.018 778 1.01

*All elasticities are evaluated at the mean.
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APPENDIX A RM1 = real money balances per household.
Data Definitions and Sources

This is represented by nominal M1
deflated by the consumer price

D74 = 1974 structural shift dummy vari- index and the number of house-
able. Equal to one in 1974 and later, holds. The U.S. consumer price
zero otherwise. index is the June observation from

the Statistics Canada CANSIM data

D82 = 1982 structural shift dummy vari- base series D134010. The June obser-
able. Equal to one in 1982 and later, vation for M1 was taken for 1959 to
zero otherwise. 1986 from the Statistics Canada

CANSIM data base series B54324.

H = number of households. The sum of The 1952 to 1958 June observations
families and unrelated individuals came from the U.S. Department of
from Table 11 in U.S. Bureau of the Commerce, Bureau of Economic
Census, Current Population Re- Analysis, Business Statistics 1971,
ports, Series P-60, No. 159, Money Washington, D.C., 1972. The 1952 to
Income of Households, Families, and 1958 observations were adjusted
Persons in the United States: 1986, using the method employed in
U.S. Government Printing Office, Rasche [1987] to make them consis-
Washington, D.C., 1988. tent with the 1959 to 1986 observa-

PU5 = the percentage of households with tions.
incomes less than $5,000 in constant real personal income per household.
1986 dollars. Source is same as H This is U.S. personal income de-
above. flated by the consumer price index

P5T10 = the percentage of households with (for source see RM1 above) and the

incomes between $5,000 and $9,999
in constant 1986 dollars. Source is
same as H above.

P10T125 = the percentage of households with

incomes between $10,000 and
$12,499 in constant 1986 dollars.
Source is same as H above.

P125T15 = the percentage of households with

P15T25

P250

incomes between $12,500 and
$14,999 in constant 1986 dollars.
Source is same as H above.

= the percentage of households with
incomes between $15,000 and
$24,999 in constant 1986 dollars.
Source is same as H above.

= the percentage of households with
incomes greater than $24,999 in con-
stant 1986 dollars. Source is same as
H above.

= the nominal interest rate. The three-
month U.S. Treasury Bill rate June
average. This is taken from Statistics
Canada CANSIM data base series
B54401.
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number of households (see H
above). U.S. personal income data
comes from: 1952, U.S. Department
of Commerce, Bureau of Economic
Analysis, Business Statistics, 1982,
Washington, D.C., 1983; 1953 to
1982, U.S. Department of Com-
merce, Bureau of Economic Analy-
sis, Business Statistics, 1984, Wash-
ington, D.C., 1985; 1983 to 1986, U.S.
Department of Commerce, Bureau
of Economic Analysis, Survey of Cur-
rent Business, Washington, D.C., July
1987.

a linear trend.

a trend dummy for a structural shift
in 1982 (equal to the product of T
and D82).
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APPENDIX B
Income Distribution Data
Under $5,000- $10,000- $12,500- $15,000- Above
$5,000 $9,999 $12,499 $14,999 $24,999 $24,999
Year (percent) (percent) (percent) (percent) (percent) (percent)
1952 17.78 15.84 11.91 8.00 29.60 16.88
1953 17.81 14.19 10.24 6.93 30.75 20.10
1954 19.08 14.59 10.14 6.96 29.37 19.95
1955 17.38 13.92 9.37 6.56 29.88 22.78
1956 15.90 13.41 8.36 5.95 30.58 25.90
1957 16.04 13.67 8.12 5.78 31.25 25.03
1958 15.84 14.04 8.18 5.90 30.65 25.41
1959 15.19 13.62 7.66 5.52 29.20 28.91
1960 14.82 13.18 7.53 5.48 28.50 30.34
1961 14.59 13.40 7.36 5.36 27.09 32.04
1962 13.61 13.28 7.14 5.29 27.16 33.54
1963 13.13 13.02 6.18 5.94 25.87 35.92
1964 12.70 12.62 6.30 5.92 24.88 37.57
1965 11.62 12.37 6.04 5.72 24.45 39.83
1966 10.37 11.99 6.01 5.36 23.80 42.43
1967 10.83 11.90 4.96 5.37 23.38 43.48
1968 9.55 11.47 5.27 5.19 22.38 46.07
1969 9.74 11.38 5.40 5.12 21.22 47.33
1970 9.65 11.87 5.25 5.44 21.18 46.61
1971 9.33 12.32 5.40 5.70 21.33 45.94
1972 8.58 12.31 5.36 5.42 20.28 48.00
1973 7.91 12.36 5.85 5.32 20.25 48.24
1974 7.64 12.92 5.99 5.51 21.22 46.79
1975 8.18 13.81 6.38 5.52 21.45 44.75
1976 8.19 13.42 6.14 5.56 20.79 45.90
1977 7.86 14.07 5.94 6.01 20.20 45.90
1978 7.83 13.56 6.08 5.61 20.16 46.76
1979 8.32 13.30 6.17 5.30 21.28 45.71
1980 8.89 14.15 6.01 6.42 20.94 43.52
1981 9.42 14.25 6.52 6.35 21.18 42.15
1982 9.62 14.23 6.74 6.25 21.48 41.54
1983 9.89 13.83 6.42 6.20 21.30 42.30
1984 9.29 13.91 6.37 6.21 20.86 43.43
1985 9.29 13.49 6.59 5.63 20.96 44.01
1986 9.24 12.94 6.38 5.43 20.26 45.75
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