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-+ HE money demand function is a key relation-
ship in conventional macroeconomic moedels. When
it appeared that during the mid-1970s the conven-
tional specification had undergone an unforeseen
shift, analvsts devoted considerable ingenuity and
research effort to festing alternative explanatory
variables that would account for the change.? Some
specifications have produced marginally superior
forecasting results. None, however, has been suc-

cesstul in explaining the post-1974 behavior of

money demand.

Discussions of the temporal stability of parameters
in econometric models generally differentiate be-
tween two distinet tvpes of shift. One type of shift
is an intercept, or level, shift, in which the estimated
relationship simplv undergoes a paratlel change
that leaves all marginal (slope) coefficients unal-
fected. The other tvpe of shift occurs when at least

See, for example, Michael J. Hamburger, “Behavior of the
Money Stock: Is There o Puzzle? Journal of Monetary Eco-
nomics (July 19770, pp. 285-88; Gillian Gareia and Simon Pak,
“Some Claes in the Case of the Missing Money,” American Eco-
nomic Reciew (May 1979), pp. 330-34, and “The Ratio of Cur-
reney to Demand Deposits in the United States,” Journal of
Finanee (June 1979, pp. T03-13; Richard D. Porter, Thomas D.
Simpson and Eileen Mauskopf, “Financial Innovation and the
Monetary Aggregates,” Brookings Papers on Econonic Acticity
£1:1979), pp. 213-29; 1., Bobert Heller and Mohsin 8. Khan, “The
Demand for Money and the Ferm Structure of Interest Rates,”
Journal of Politica! Econonny {February 1979), pp. 1089-29; David
I. Bennett, Flint Brayvton, Eileen Mauskopf, Edwurd K. Offen-
bacher and Richard D. Porter, “Econometric Properties of the
Bedefined Monetary Aggregates,” Board of Governors of the
Federal Reserve System, Division of Reseurch and Statistics
{February 1980, processed; G. 8. Laumas and David E. Spencer,
“The Stability of the Demand for Money: Evidence from the
Post-1973 Period,” Review of Economics and Statistics (Angust
19800, pp. 453-3% and Thomas . Simpson and Richard D,
Porter, “Some Fssues Involving the Definition and Interpreta-
tion of the Monetary Aggregates.” in Conirofling the Monctary
Ageregates T, Conference Series No. 23, {(Federal Reserve
Bank of Boston, 1980, pp. 161-234,

one of the relative slope coefficients changes. Sur-
prisingly, previous examinations of the money
demand puzzle have not explicitly investigated
this hasic distinction. The approach used in most
previous work has been to presume that the change
was not necessarily parametric, but due to the exclu-
sion of an important varisble. Hence, most studies
focused on searching for the “correct” scale or
opportunity cost measures to be used in the rela-
tionship.?

Given the unsuccessful nature of this approach,
we consider a different tack. The purpose of this
article is to study explicitly the nature of the shift in
money demand. The evidence suggests that the con-
ventional money demand specification was subject
to x once-and-for-all level shift during the mid-1970s.
Our results further suggest that the economic rela-
tionship underlving the estimated slope coefficients
of the conventional equation remained remarkably
stable throughout the turbulent 19680-79 period. This
result conflicts directly with much previous research.,

The format of the paper is as follows: First, the
apparent deterioration in the standard specifcation
for M1 during the 1/1960-1V/1979 period is docu-
mented.? Then, a procedure to determine likely
point{s) of intercept change(s) in the money demand
function is suggested and implemented. Finally, the
implications of our findings are presented.

For a critical analysis of attempts to repuir the conventional
specification, see RO W, Hater and Scott E. Hein, “Evidence on
the Temporal Stability of the Pemand for Money Relationship
in the United States,” this Review (December 1979, pp. 3-14,

#The 1960-79 period is used to forus attention explicitiy on the
problems associated with money demand estimations through
the mid-1970s. Estimation of the function through 198G .and 1981
would necessitute allowances for the possible eflects of the
credit contrel program and the change in Federal Reserve
operating procedures, Such analysis would divert attention from
the previously unresolved issue.
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The conventional money demand specification is

{1 In DMUPY = wo + B1 1n v + Bz In RCP,
+ B3 In RCBy + B4 1n (M/P)y + &,

where M represents the narrow definition of money
(new M 1),# P is the implicit GNP deflator { 1972= 100},
v is real GNP (1972 dollars), RCP is the commercial
paper rate and RCB is a weighted average of the
commercial bank passhook rate. While many differ-
ent money demand equations have been estimated,
equation 1 is generally the standard used for com-
parison.

Initizl estimates of equation I revealed a signifi-
cant degree of first-order serial correlation in the
error process. Previous estimates of equation 1 gen-

4In response to a changing fnancial environment, the monetary
aggregates were redefined. Thus, checkable deposits can
now take the form of negotiable orders of withdrawal (NOW),
automatic transfer system (ATS) and credit union share draft
accounts, The old M1 measure has been angmented by the
introduction of these deposits, To the extent that this empirical
redefinition of the “transactions” measure of money is induced
by the advent of near-meoney substitutes, the use of old M1 may
reveal unstable relationships. Whether other financial innova-
tions, such as money market mutnal funds, repurchase agree-
ments, ovemight Eurodollars and the like, impinge upon the
estimation of equation 1 is an empirical matter to be addressed
below. Indeed, this line of reasoning has been used to explain
the poor post-1973 performance of equation 1. See Garcia and
Fak, “Some Claes in the Case of the Missing Money” and “The
Ratio of Currency to Demand Deposits,” and Porter, Simpson
and Manskopt, “Financisl Innovation,” for examples of such
arguments,
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erally have corrected this problem through the use of
the Cochrane-Orcutt iterative procedure. This ap-
proach, however, vields inefficient coeflicient esti-
mates in the presence of a lagged dependent vari-
able.® Therefore, to obtain estimates that are
(asymptotically) efficient and consistent, Hatanaka's
residual adjusted Aitken estimation procedure is
used in this study.®

Table 1 presents estimates of equation 1 for the
[/1960-IV/1873 and I/1960-1V/1979 sample
periods. The estimates for the earlier sample period
are quite similar to those of other studies. These
estimates suggest that real money balances adjust
toward their equilibrium levels at the rate of about
22 percent per quarter, ceteris paribus. The esti-

5Roger Betancourt and Harry Kelejian, “Lagged Endogenous
Variables and the Cochrane-Oreutt Procedure,” Econometrica
{July 1981, pp. 1073-78; and Michio Hatanaka, “An Efficient
Two-Step Estimator for the Dynamic Adjustiment Model with
Autoregressive Errors,” fournal of Ecenometrics {September
1974}, pp. 199-220. it has been shown also that the Cochrane-
Orcutt procedure may not iterate to a global mininum of the
regression standard error. See R W. Hafer and Scott E. Hein,
“The Dynamics and Estimation of Short-Run Money Demand,”
this Review (March 1980), pp. 26-35.

fPrevious money demand studies using the Hatanuka procedure
include Charles Lieberman, “The Long-Run and Shert-Run
Demand for Money, Revisited,” Jouwrnal of Money, Credit and
Banking (February 1580), pp. 43-57; Laumas and Spencer,
“Stability of the Demund for Money;” and Stuart . Allen and
R.W. Hafer, “Money Demand and the Term Structure of Inter-
est Rates: Some Consistent Estimates,” Journal of Monetary
Economics (foertheoming),

For an examination of the Hatanaka procedure vis-a-vis
Cochrane-Oreutt, Hildreth-Lu and maximum-likelihood estima-
tion technigues, see Edward K. Offenbuacher, “A Comparison of
Alternative Estimators of a "Standard” Money Demand Eqgua-
tion,” Special Studies Paper No. 157 (Board of Governors of the
Federal Reserve System, July 1981).
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mated elasticities also are similar to other estimates.
For example, the estimated long-run income elastic-
ity is 0.56, a value that roughly coincides with the
theoretical value given by a simple transactions de-
mand framework.” Finally, the summary statistics
indicate that & large amount of the variation in real
money balances is captured by the right-hand vari-
ables, and the error process appears well-behaved.

The regression results for the /18960-1V/1979
period are quite unlike those of the 1/1960-1V/1973
period. The estimated short-run income elasticity is
halved, while the coefficient on the lagged depen-
dent variable increases markedly. The estimated
speed of adjustment {0.04 percent) from the F1960-
IV/1979 results indicates that the mean adjustment
lag exceeds 26 quarters, considerably different from
that for the pre-1974 period (4.5 quarters). Moreover,
the estimated long-run income elasticity for the fll
period is now 1.50, three times the estimate ob-
tained from the earlier sample period.

The /1960-IV/1979 estimates seem to support
the claim that the money demand relationship has
been altered. The regression evidence presented in
table 1 suggests that the estimated coeflicients have
shifted dramatically. Moreover, a standard F-test for
structural stability allows one to reject the hypothe-
sis of stable regression coefficients across the com-
monly hypothesized 1V/1973 break point: The
caleulated F-statistic of 4.51 exceeds the 5 percent
eritical value of 2.23.8

Further evidence of the breakdown is demon-
strated by an analysis of the equation’s forecasting
ability. Post-sample static forecasts for the natural
log of real money balances are presented in table 2.9
These forecasts are based on the coetlicient esti-
mates from the I/1960-1V/1973 regression. The
results in table 2 indicate a continual overprediction
of real money balances. The Theil bias coefhicient

See William J. Baumal, “The Transactions Pemand for Cash: An

tnventory Theovetic Approach,” Quarterly Journal of Eeco-
L o . ) o

womics (Novemnber 1952), pp. 545-56; and Robert | Barro, "In-

tegral Constraints and Aggregation in an Inventory Model of

Money Demand,” Journal of Finance {March 1976}, pp. 77-78.
8This test is complicated by the presence of first-order serial
correlation. In the results reported, the serial correlation coeffi-
cient (ptis allowed o vary across subperiods.
#hase familiar with the recent money demund literature may find
it surprising that sfatic rather than dynmic forecasts are em-

ploved. The latter technique yields an exaggerated picture of

the shift in a relationship without proper interpretation. Conse-
quently, the more widely understood static forecasting pro-
cedure is emploved in this paper. See Scott E. Hein, “Dynamic
Forecasting and the Demand for Maoney,” this Review (June/
Tuly 1980}, pp. 13-23.
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{UM) indicates that almost 90 percent of the forecast
error is attributable to bias, that is, one-sided predic-
tion errors.’® Moreover, the root-mean-squared error
{(RMSE) of 0.01782 is more than four times the in-
sample standard error.

0Far a complete deseription of the derivation and interpretation
of the Theil coelficients, see Henri Thell, Applied Economic
Forecasting (Amsterdam; North Helland Publishing Co., 1966),
P 27-32.
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The preceding evidence suggests that the param-
eter estimates ol equation 1 from the 1960-79
period no longer represent a viable empirical model
of short-tun money demand. Obviously, “some sort
of shift has occurred. ™ The question is, “What type
of shift has oceurred?” If the estimated slope coetfi-
cients have changed, this implies changes in the
underlving economic relationship (i.e., between real
money balances and real income or interest rates).
While the estimates of the slope coetlicients show
marked change over the two periods in table 1, the
true slope coefficients may not have actually
changed. I, instead, an intercept shift occurred
during the mid-1970s, then empirical estimates of
equation 1 for the I/1960-IV/1979 sample period
may be seriously biased because of the failure to
account for the level shift in the relationship, which
produces a “missing variable” problem.?2 Conse-
quently, if the slope coefficientestimates are biased,
they could lead a researcher to falsely reject the
hypothesis of slope coefficient stability,

The muajor difficulty with an analysis of intercept
shifts is in pinpointing exactly when the shift(s)
gecurred. A useful procedure to determine the
likely points of an intercept or slope shift is to re-
estimate equation 1 in first-difference form.'® First-
differencing equation 1 vields

(2) Ddn (M/IPh = B &ln vy + B2 Adn RCP,
-+ ,’3;2 A;l'] H(:Bf + ,8.; &11} (\L"i))g,; + &Et,
where & is the Hrst-ditlerence operator.

Feuation 2 provides useful diagnostic information
in the event of an intercept shift in the level equa-
tion. For example, a once-and-for-all intercept shift
in equation 1 will appear as a one-time increment
in the disturbance pattern of the first-difference
specification.’® Moreover, changes, if any, in the
slope coeflicients in equation 1 also will appear in

5tephen M, Goldleld, “The Case of the Missing Monev,” Brook-
ings Papers on Economic Activity (3:1976), p. 7206.

2Excluding a relevant variable, in this case the intercept shift
term, may bias not only the coefficient estimates, but also the
estimate of the residual variance. On this point, see G. S
Maddala, Econometrics {MeGraw-Hill, 1977}, pp. 153-537.

134 moze complete discussion of this derivation appears in R. W,
Hafer and Scott B, Hein, “Iovestigating the Shift in Money
Demuand: An Econometric Analysis,” in Empirical Studies of
Money Demand: Proceedings of a Conference Held uf the
Cenler for the Stidy of American Business, Working Paper No.
70 {Center {or the Study of American Business, Washington
University, August 1981}, pp. 1-28,
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equation 2. 1f, as many have argued, the marginal
relationships embodied in equation 1 have changed,
the first-difference specification also will exhibit
similar changes in the coefficient estimates. Thus,
the first-difference specification serves a dual pur-
pose: It can locate the most likely points of an inter-
cept shift, and it provides evidence on whether the
slope coeflicients have changed.

To locate and test for potential intercept shifts, the
following procedure was adopted: The [/1960-
IV/1979 first-difference specification {equation 2)
was estimated using ordinary least sguares, the re-
siduals were plotted over time and the large residual
“outliers” were selected.1® Based on this procedure,
three points were identified and selected as candi-
dates for points of intevcept shift: 111974, 1V/1975
and 1171979, The first two residuals were negative,
suggesting downshifts in the log-level money de-
mand equation. The I1/1979 residual was positive,
suggesting an upshift, Equation 1 was estimated
{again using the Hatanaka procedure) assuming one-
time shifts at those points using (0,1) intercept
dummy variables: Di=1 for I/1960-I/1974, 0 other-
wise; D2:=1 for I/1974-111/1975, 0 otherwise; and
D3=1 {or IV/I975-1V/1979, 0 otherwise.

Preliminary significance tests revealed that only
the 1171974 intercept shift term was statistically
significant at the 3 percent level. Consequently,
we report the version of equation 1 that incorporates

14This increment will be noticeable if the intercept shift is “sul-
foiently large” relative to the variance of the disturbances.
Thus, the residuals of equation 2 are examined to determine
the likely point at which “large” shifts occurred.

15The {ocus of this article concems the possible intercept shift
in the log-level money demand equation. Consequently, the
readeris referred to Hater and Hein, "Investigating the Shiftin
Money Demand,” for a more detailed analysis of the brst-
difference estimation results. To give the reader some ides of
the outcome, the OLS estimates of equation 2 for the F1980-
IV/1978 period are (absolute value ol tstatistics in parentheses}

AT (M/P) = 01904 oy~ 0.017 & Ln ROP,
(3.51) (2.94)

— 00384 In RCBy + 0362 A In (M/P)y
(1.68) (5.70)

T2 = 0.448 SE = 0.005 h =

Not only do the coefficient estimates appear reasonably
close to the pre-1874 estimates, but ex post forecasts indicate
a substantial improvement in the pattern. The resultant RMSE
is well within two standard errors of the equation’s in-sample
standard error and the Theil decompesition statistics indicate
that only 7 percent of the forecast error is attributable to bias.
Moreover, an F-test {or structural change at ¥V/1973 vields
an F-value of (.06,

For adiscugsion of these results, see Edward K. Offenbacher,
“Discussion of the Hafer and Hein, Smirlock and Webster
Papers,” in Empirical Studies of Money Demand, pp, 88-106.
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only the I1/1974 intercept shift variable (D1). The
resulting coefficient estimates are (absolute value of
t-statistics in parentheses)t®

(3) In (M/P); = — 0.406 + 0.013 DI + 0.076 In v,
(3.95)  (2.88) (3.83)
— 0.021 In RCP; — 0.020 In RCB,
(4.84) (1.28)
+ 0.917 In (M/P)y
(16.09)

R2=0.960 SE =0.0048 h = -0.05 p =024

These results support the contention that the mar-
ginal relationships in the short-run money demand
equation were not altered as much as previous cvi-
dence suggests. The evidence, however, points to
the existence of a significant, once-and-for-all down-
ward lecel shift in the relationship in 11/1974.

The regression results indicate that the constant
term in the log-level specification decreased from
—0.406 for the I/1960-1/1974 period to —0.419 in
11/1974. This change (0.013) is small relative to the
standard error of the coefficient estimate. It is, how-
ever, almost three times as large as the standard error
of the regression (0.0048) for the 1/1960-1V/1973
period. Thus, its exclusion significantly affects the
tull-sample, level estimation.

A superficial comparison of the shift-adjusted,
log-level estimates with those for the 1/1960-1V/
1973 sample period in table 1 suggests that the slope
coefficients may have changed across the period
tested. The question to be addressed now is, once
the downward displacement of the constant term has
been accounted for, have the slope coefficients
changed statistically? To formally test this hypothe-
sis, equation 3 was re-estimated for the full sample
period with the individual slope coefficients allowed
to take on different values in the two separate sub-
periods. Zero-one dummy variables again were used
to delineate the relevant subsamples (I/1960-1/
1974 and II/1974-1V/1979): the dummy variables
are DI=1 in I/1960-1/1974, 0 otherwise; and
D2=1 in II/1974-1V/1979, 0 otherwise. The esti-

mated equation using both the intercept and slope

1The use of the dummy variable for the [/1960-1/1974 period
and the constant term is interpreted in the following manner:
The true constant term for the 1/1960-1/1974 period is obtained
by adding the estimated constant and the estimate on the
dummy variable. The constant for the 11/1974-1V/1979 period
is represented by the estimate of the constant term reported
in the text.
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dummy variables is (absolute value of t-statistics in
parentheses)?

In (M/P) = — 0.482 — 0.008 D1 + 0.099 D1 1n v,

(2.76)  (0.53) (2.61)

+ 0124 D2 Iy — 0.018 D1 In RCP,
(3.69) (3.41)

~ 0.013 D2 In RCP,
(1.76)

~ 0.019 DI 1n RCB;
(1.39)

~ 0.015 D2 1n RCB,
(0.15)

+ 0832 D1 1In (M/P)
(7.45)

+ 0560 D2 1n (M/P)e
(2.77)

Rz = 0.969 SE = 0.0044 DW = 1.90
Standard t-tests were used to test the hypothesis
that ecach slope coefficient had remained stable once
the downward lecel shift in 1111974 had been taken
into account. The resulting t-statistics indicate that
cach coctficient had not changed statistically over
the full-sample period. The variables and the t-statis-
tics for their coefficients are 1n y (0.43), 1n RCP
(0.19), In RCB (0.03) and 1n(M/P)i1 (1.35). This
evidence supports the view that money demand
was subject to a level not a slope shift during the

mid-1970s.18

The purpose of this article has been to investigate
the nature of the shift in the conventional money
demand specification that occurred during the mid-
1970s by determining whether it was an intercept
or slope shift. The empirical results presented in this
article indicate that the conventional equation was
subject to alevel, and not aslope, shift in early 1974.
Our analysis of the first-difference results and the

7Since the Hatanaka procedure requires estimation of the resid-
ual error in the last-stage equation, it, too, was constrained in the
above manner. A test revealed that neither the error Process nor
p had changed. This procedure, in conjunction with the dummy
variable test, precludes obtaining a dircet cstimate of p. ’

8If the preceding evidence were not sufficient to sway the
skeptical reader, more support comes from the shift-adjusted,
log-level equation’s ex post forccasting record: The RMSE for
the shift-adjusted equation for the period 11/1974-1V/1979 is
0.67 (x10-2). This value is well within two standard errors of the
estimating equation’s in-sample standard error, and is less
than half the RMSE reported in table 2 (1.782 x10-2).
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properly specified log-level equation suggests that
11/1974 is the most likely point of the significant
downward shift in the money demuand function,

An important implication of this study is that the
economic relationships inherent in the conventional
money demand function are more stable than previ-
ous investigations have suggested. Changes inmoney
demand since 11/1974 can be explained by changes
in the exogenous variables without relving on tenu-
pus assertions that the underlving economic rela-
tionships have degenerated. Although previous
analyses have suggested that there has been a con-

18

tinuous, unexplained deterioration of the money
demand function after 1973, our analysis suggests
that the marginal relationships have remained
stable over the [/1960-1V/1479 period, providing
useful information in estimating the level of money
demand.®® Thus, claims that the short-run moneyv
demand function is highly unstable and is responsi-
ble for the erratic behavior of money growth during
this period must be reconsidered.

Blor example, see Stephen H. Axilrod and David E. Lindsey,
“Federad Reserve Systern Iimplementation of Monetary Policy:
Analvtical Foundutions of the New Approach,” American Eco-
nomic Heview (May 19810 pp. 246-32.



