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Popul ar wi sdom i nforms us that one of the prime victim of the American
financial deregul ation of the | ast decade has been the demand for nmoney function
While there is sone evidence that the demi se of standard nonetary relations has
been oversold (see Rasche 1987, 1988, and Darby, Mascaro, and Marlow, 1989), it
is with some trepidation that we agreed to reexam ne functional forms which we
hel ped devel op in 1980.

We use updated U.S. data to replicate the quarterly price equations

esti mated by Gandol fi and Lot hi an and by Darby and Stockman in The I nternational

Transm ssion of Inflation. These equations were based on buffer-stock money-

demand functions and originally estimted for the U.S. and seven ot her countries.
In this paper we confine ourselves to an exam nation of the American case. In
our new estimations we use two alternative money definitions -- MLA and (new) M.
Esti mat es not reported here using the current ML definition (inclusive of Other
Checkabl e Deposits) were uniformy |ess successful

Our results can be sunmmarized sinply. The buffer-stock enphasis on
differential effects of expected and unexpected changes in nom nal money are
strongly supported by the new data. The sinple partial-adjustment nmodel first
proposed by Chow (1966) and used by Darby and Stockman can be rejected, but a
|l ess restrictive adjustment or error-correction process used by Gandolfi and
Lot hi an does survive the decade unscat hed. We tentatively conclude that non-
stationary disturbances to the |long-run demand for noney are present and that
demand for money functions nmust be estimated -- explicitly or inplicitly -- in
growth-rate formto i nduce stationarity. However, cointegration tests |eave us
unconfortable with this pat answer: There is borderline evidence that residuals
of the |l ong-run demand for noney do exhibit stationarity although there are very

persistent components.
The implications for monetary policy include the continuing value of
monet ary aggregates as indicators, potential cunmulative effects of base drift in

monetary targeting, and the | ong period over which nonetary policy takes effect.

|. Enmpirical Framework

David Laidler (1984) has already admirably summarized most of the
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theoretical framework wunderlying work which we have previously done with
coauthors -- Carr and Darby (1981), Darby and Stockman (1983) and Gandol fi and
Lot hian (1983).1 Here we first outline some difference of enmphasis and
expressi on which we believe provide significant background, and then present the

basi c estimati ng equati ons that two of us set out at the begi nning of the decade

The Adjustnment Process

The core of the buffer-stock approach is that the noney balances of
i ndi vidual econom c agents are conceived of as inventories which follow a
stochastic path based on the net outcome of transactions generally conducted
wi t hout explicit consideration of the | evel of cash balances. Overall plans --or
rather strategies -- are formulated so that the expected net change is
approxi mately zero over the planning period. Further, the | ength of the pl anning
period is rationally chosen along lines pioneered by Baumpl (1952) and Tobin
(1956) to balance the additional carrying costs for transacting, payroll,
billing, and the Iike. These plans incorporate expectations about |evels of
income and expenditure, about prearranged asset/debt transactions, about the
probability of conmpleting transactions at set or reservation prices, and the
|l evel of interest rates. In addition, there is generally the possibility of
di scretionary transactions or alterations in the size or timng of planned
transactions as a nmeans of adjusting cash bal ances. Such discretionary
transactions generally involve additional fixed costs which are well known to
lead to "big-S/little-s" inventory rules so that money bal ances will be adjusted
back to an optimal level only if cumul ative shocks push them outside potentially
wi de control bands around an optimal periodic path.

The key element of the buffer-stock approach as we view it is not nerely
that inventory behavior of this sort can result in deviations of aggregate noney
hol dings from the average ampunt associated with existing output, prices, and
interest rates. Rather it is that such deviations are predictable as an i nherent

part of the adjustment to a money shock



A money shock is i mpl emented by the Federal Reserve buying assets at, say,
a higher price (lower yield) than incorporated in the expectations of the
econom ¢ agents. As a result, total nom nal bal ances are higher in aggregate
than would be held on average given the |levels of interest rates, income, and
prices. On this view, a central bank open market operation will result in a much
smal l er interest rate movement in the short run than would be required to
permanent|ly induce agents to hold the current nmoney bal ances at current income
and prices

Some critics assert that this nmeans that the buffer-stock nodels thus do
little nore than i ntroduce a tenmporary Keynesian liquidity trap with the apparent
interest elasticity of the demand for money rising from near mnus infinity
toward zero as time progresses. On this view, buffer-stock nodels "merely"
pertain to shifts in the | S-LMcurves during the adjustment period and not to the
ultimate effect. Those of us who have toiled in these vineyards would argue (a)
most of the interesting macroecononmi cs i nvol ves the adj ustment period and not the
long run in which the only (nontrivial) effect is on the price level and, (b)
that noney-bal ance adjustment may involve nore than asset transactions -- in
particul ar, expenditures for goods and services may be accel erated or retarded
as the nost cost-effective way to adjust cash balances.? This latter portfolio
adj ustment version of the real balance effect implies distinctly non-Keynesian
short-run shifts in the IS curve.

Laidler (1984) contrasts buffer-stock nodels with, on the one hand, the
Keynesi an approach whi ch assumes that agents are al ways on their | ong-run noney-
demand functions and that interest rates adjust with output and prices initially
sticky and, on the other hand, the real-business-cycles or "neo-Austrian"
approach in which people are always on their |l ong-run noney-demand functions and
prices adjust. Sometimes effective marketing of i deas or automobiles may require
a bit of exaggeration, but we do believe that there is a real kernel of truth in
Laidler's characterization. Central bank policy is generally formulated as if
the quantity of money responds fairly quickly to given interest-rate changes in

pretty much the same way whether these interest rate changes stem from open-
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mar ket policy actions or other LMshifts or from say, changes in tax policy or
inflation expectations. That is, changes in nmonetary policy are seen to work
t hrough -- rather than di sturbing -- a stable | ong-run demand-for-mney function.

We shall return to this theme in Section |V.

Stability of the Long- Run Demand for Money

Possi bly another difference of nuance with Laidler is whether or not
econom sts can write down a stable relation determning the |long-run average
quantity of noney as a function of prices, income, interest rates, and perhaps
a few other appropriate variables.® W suspect that there are permanent -- or
at |l east, very long lasting -- shifts in the relationship due to the uneven pace
of technol ogi cal and regul atory progress. We report sonme surprising, though far
fromdefinitive, evidence to the contrary in Section Il below, but believe that
even if our agnosticism is warranted, the inplications are primarily of an
econometric and not a policy nature

If the long-run demand-for-mney function has a non-stationary or barely
stationary disturbance in the |l evel form we shall argue that nothing significant
is lost since differencing appears to induce stationarity. Both the Carr-Darby
and Gandol fi-Lot hian functi ons were i ntroduced primarily as price equations. The
former made m ni mal adjustnment to i ntroduce shock-absorber ideas into the then-
popul ar Chow (1966) model of partial adjustment to a stable |l ong-run money demand
function. The latter model was much nore general since it allows for error
processes which may or may not be consistent with partial adjustment to a stable

or random y-wal king | ong-run noney demand function.

The Carr-Darby and Darby-Stockman Functional Forns

Fol | owi ng Chow (1966), Carr and Darby (1981) posited a |long-run noney

demand function of a standard form*



(mp)t:a+bypt+cit , (1)

*
* %

where mis the |l ogarithmof the nom nal quantity of nmoney, p is the logarithm of
the price level, y, is the logarithm of real permanent income, i is the nom nal
interest rate, the subscript t signifies the time period and the superscript d
signifies demand. A fraction h of any difference between (mp){ and (mp),., is
elimnated (reflected in the prices used to deflate m or in the RHS vari abl es)
each period except where it supports current transitory transactions (YTt
measured as | og(y{/yx) ). Furthermore, a fraction f of any unexpected change in
the nom nal nmoney supply (um = m-m) will be held as noney besides what would
otherwi se be associated with the other variables. That is, the Carr-Darby
estimating formis:

* %k

+ hc it + (1-h) (mp)t_1 +d Y1t + f um + e, (2)

*
*(mp)t = ha + hb ypt

**
where e is the disturbance term

Darby and Stockman (1983, hereafter DS) found that the Carr-Darby
functional formcould be usefully generalized by entering umas a distributed I ag
running fromthe current quarter. DS proposed this change to allow for a nore
conplicated adjustment pattern than inmplicit in Chow s original fornmulation.
Anot her advantage of the distributed lag formis that it does not so severely
constrain the noney-shock termto a single quarter expectation formation: The
expectations reflected in the underlying i ncome-expenditure plans may have been
formul ated not | ast quarter but several quarters earlier. I ndeed, differently
dat ed expectations may be relevant to different agents. Suppose, for exanple,
that nom nal money growth was some constant plus an independent drawi ng of a
normal Iy distributed random variable x;. Then nom nal noney expected two
quarters ago for current timet is simply m-x-X{.1, and um is identically equal
to X;. Thus, if um and um., entered with coefficients of 1 in the DS formin
this case, then current prices, incone, and interest rates would depend on noney
expected two quarters previous and not on current nom nal noney.

In our empirical work in Section Il, we used the DS version of the Carr-
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Dar by specification to allow for both | onger expectational formation periods and
for more conplicated adjustment processes. |In addition, because we believe that
quarterly movements in nom nal noney are primarily exogenous, we followed DS in
writing the equation with the ratio of prices to noney as the LHS vari abl e:

*

(p-m)t = ha + hb y + hc it + (1-h)(p-m)t_1 + d Yre t

i - fJ. un}_j e, (3)

pt

o™ S

*
* %
where the expected signs are reversed fromthe nmoney-demand form That is, hb,

d, f <0; hc >0; and -1 < (1-h) < 0.

The Gandol fi-Lothian Functional Form

Gandol fi and Lothian (1983) were concerned that variants of the Chow noney
demand functions |li ke the Carr-Darby and DS equati ons woul d suffer froman upward
bias in the coefficient of (mp),, if the disturbances in equation (2) were
positively autocorrelated. This autocorrelation seems |likely on the assunption
that there are permanent shocks to the |long-run noney demand function such as in
equation (1). Accordingly, they specified an estimation equation in which
partial adjustment was inmplicit in a second-order autoregressive process for the
residual s.

The basic approach started with equation (1) augnmented by a transitory

income term Repeat ed substitution in a Lucas supply function yielded:

:*
- = i N J

(p m)t a+bypt+C|t +.§0[(h f)y/(1+f) un}_j] U, (4)
* J_
* %k
where u; = pUi.; + P2 Uio + € . In the absence of an infinite sanple, the
summation in equation (4) could be truncated at i = n where money shocks reached
a negligible effect on current vy. El aborating on ideas of Griliches (1961),

Gandol fi and Lothian argued that their specification allowed for potential
partial adjustment to a long-run money demand function with a non-stationary

di sturbance as well as transitory disturbances. Of course, for many if not all
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purposes it makes little difference whether the underlying process is conceived
of as one of partial adjustment of error correction, but we return to that issue

in Section Il bel ow.

1. Money and Prices and the Demand for Money: Estimation Results

Our initial focus empirically was on the GL and DS price equations. Since
these equations performed well in the original eight-country sanple for the
period 1957 to 1976, we made only m nor changes in their functional forms and
reesti mted them using updated U. S. data. Our replication of the DS equation
however, vyielded unsatisfactory results, parameter instability across the two
sanpl e periods, with the coefficient on the |agged dependent variable, being
particul arly poorly behaved. Consistent with the findings described i mmedi ately
bel ow for the nore general GL equation and in the cointegration tests reported
in the next section of the paper, we believe that this failure is largely a
reflection of the near-random wal k behavi or of real money bal ances.® Since the
GL specification did not suffer from such problenms, we concentrate on those
results.

The one major difference between this and the earlier analyses is in the
use of the newer monetary definitions. |In place of old M2, the sum of currency
held by the public and commercial bank demand and time deposits, we use the
current and much more broadly defined M2 series. Consistent with this use of new
M2, we also take account of the interest return on M in conmputing the
opportunity cost vari abl es. As an alternative definition of noney, we use MLA,
ML as currently defined | ess other checkable deposits.?®

The first equation in Table 1 reproduces the original GL estimates from

I nternational Transm ssion; the second is our reestimati on with the new data for

the original sanple period.” Wth the exception of the constant term which
reflects the nuch higher |level of current than old M2, the replication yields
results that are highly simlar to the original results. The real permanent

income elasticity is approximately unity, as before. The coefficients on the
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noney-shock terms follow the same general pattern, with the lag perhaps
shorteni ng somewhat and their magnitude di m ni shing. The error structure of the
new equation is approximately the same as the ol d. Again, a second-order
correction is necessary to allow for the observed autocorrelation of the
residual s. Mor eover, the estimated pattern is very much the same as in the GL
st udy. The first-order coefficient again is well above unity; the sum of the
first and second-order coefficients is approximately unity. The inference drawn
in the earlier study of two types of shocks affecting the | evels relationship --
one-ti me permanent shocks and transitory shocks with rather long-1lived effects --
appears to continue to hold.® The inplication of this finding that a differenced
formof the equation is to be preferred, therefore, also continues to hold.® The
one disconcerting aspect of these results is the continued failure of the
interest-rate term to enter the regression significantly. We return to this
i ssue bel ow.

The next set of estimates is based on data extended through the fourth
quarter of 1988. Rat her remar kably, given the developments that have occurred
in the 1980s, these data yield essentially identical results to those for the
earlier data that we have just described. The standard error of estimate in this
equation, noreover, is even a touch lower (.0050 versus .0053) than in the
earlier one. The only noticeable difference between the two sets of estimtes
is the shift in the intercept term (5.3461 here versus 5.4490 above).?0
Stability, in the sense of convergence of inflation and monetary growth appears
to be maintained.

The remaining GL equations present evidence on two issues -- the effect
of price shocks and the form of the opportunity cost variable. |In the original
GL study, real oil prices, when added cont enporaneously and with | ags to equati on
(4), appeared to play sonme role, but it was difficult determ ning how nuch. This
remains true when the equation is replicated. Several t values in each
regression are in the neighborhood of two, but the rest are below unity. Taken
as a group they are significant at the .01 level in the shorter sanple, but

surprisingly, not significant at the .05 level in the full sanmple. Also of



9

interest is the fact that inclusion of the oil-price terms does not affect the
esti mtes of the equation's error structure. Failure to include oil does not,
therefore, explain the pattern of errors -- or, more specifically, the existence
of gradual adjustment to shocks other than nmonetary shocks as we have neasured
them

In the final GL regressions for M2, which are reported in Table 2, we
experiment with the opportunity-cost variable. We include | agged as well as
cont empor aneous val ues and use four alternative definitions, the rate on 4-to-6
mont h pri me commerci al paper, the AAA bond yield and the spread between each and
the rate paid on M2. | n most instances, the coefficients of contenporaneous and
| agged val ue of the four variables have t values greater than two. Our ignoring
|l ags, therefore, appears to be the reason that we failed to find an effect of
opportunity-cost variables in the original specification of the equation. The
magni t ude of such effects, however, remains very much an open question, given the
wel | -known simultaneity problemthat plagues any investigation of the short-run
money-interest-rate relationship.!? The coefficients on the money-shock terns
generally decline in absolute value when the | agged interest-rate variables are
added and fewer prove statistically significant at conventional |evels.

Table 3 reports the results of GL regressions using MLA in place of M.
The problemhere is that the income coefficients for both the shorter period and
the full period are positive. G ven the formin which the regression is run
this inmplies a negative income elasticity of real money bal ances, which makes no
sense at all. One possi bl e explanation for this result is specification bias
caused by some omtted vari able. An alternative is that the differencing
inherent in the correction for autocorrelation has removed too much i nformation
fromthe data, with the result that the the permanent income variable is in fact
something closer to transitory incone. In this instance, the positive
coefficient would simply be indicative of a short-run Phillips Curve.13

Table 4 contains the results of our reestimation of the DS version of the
Carr-Dar by specification. As pointed out at the beginning of this discussion

these results were unsatisfactory in one very inmportant respect. Implicit in
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this specification is the constraint of a return to level equilibrium As
al ready denonstrated, this constraint appears inconsistent with the data. The
results reported in Table 4, estimated coefficients on the |agged dependent
vari abl e of nearly unity in two i nstances and greater than unity in one, coupled
with an insignificant permanent income coefficient in one of these instances

provide further evidence that this constraint is invalid.?

I1l1. Cointegration and the Errors in the Money-Price Rel ationship

To anal yze the error structure of the noney-price relationship further, we
conducted a series of tests for cointegration between the price | evel and the two
alternative definitions of noney used above. Before turning to the results of
this exercise, let us first say something about the |ogic underlying the tests

Two variables, which themsel ves have to be differenced to be stationary,
are said to be cointegrated if there is some |inear conbination of the two that
is stationary.?!® Cointegrated variables, therefore, have the property that even
t hough both may be subject to upward or downward shifts over time, there is a
i near combi nation of the two that is not. |In the case of the general |evel of
prices and the |level of the stock of money, cointegration inplies that given a
| ong enough period of time there will be a convergence of the one to the other
Correspondingly, inthe case of their first differences, cointegration transl ates
into eventual convergence of the rate of inflation and the rate of nmonetary
expansi on.

The estimation results suggested that the log | evels of the two series were
not in fact cointegrated, but that their first differences were. The second-
order error model that we estimted for M2 suggested the existence of one-time
shocks to the I evels that had permanent effects. Given such a shock, there would
be no tendency for the price level to converge to the | evel of the nom nal stock
of money. The average rate of inflation would, however, converge to the average

rate of nonetary growth. Our object here is to reevaluate this evidence using
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the tests of cointegration.

To conduct these tests, we followed the two-step procedure outlined in
Engl e and Granger (1987), first estimating the "equilibrium' or "cointegrating"
regression, which in the sinmplest case took the form

* %
*

Py = o ¥ By M * U (5)
I

where p now represents either the log price level, or its first difference, and
m either the nom nal stock of noney, or its first difference. We also
experimented with two alternative specifications, one to allow for the effects
of real permanent income, the other to allow for the effects of both rea

per manent income and our opportunity cost vari abl es:

* ok
* —_
Py- M = ap * By Vgt Upp o (6)
*
* %k
and
* %k
*
. Pe- M- Ypr = og * By + U o (7)
* %k
We then used variants of the Dickey-Fuller (1979) test for unit roots, to
exam ne the stationarity of the ut. The equations underlying these tests were

of the two general forns:

:*
. U= Upog = 2qUpq Y Voo (8)
* ok
and
* ok
* K
u - u = A ou(9) + k;rl [vtéa - u2 t-1] + v .kot-k t-k-1 2t

Of interest in each instance is the coefficient on the I evel of the | agged error
term A negative and statistically significant value of the coefficient is a
rejection of the hypothesis of a unit root and, hence, of non-stationarity.
This, in turn, inmplies cointegration -- either in the levels or the first
di fferences, as the case may be. The first variant of this test, based on

equation (8) is referred to as the DF (Di ckey-Fuller) test; the second, based on
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equation (9), is referred to as the ADF (augnmented Dickey-Fuller) test.
Additionally, we made use of the Durbin Watson statistic fromthe cointegrating
regression, which provides a further test of cointegration.?®

Table 5 contains the results of these tests. For the | evel s, we used all
three specifications of the cointegrating regression; for the first differences
we used (5) and (6) alone. Consistent with the estimation results reported
above, these tests, in the main, provide evidence of cointegration of rates of
change. For the levels of the series, this is not generally the case. The
exceptions, however, stand out. For M2, we do find some evidence of
cointegration after we have allowed for the influence of variables affecting
money demand. Taken in conjunction with the estimation results, these findings
raise an intriguing set of questi ons, questions for which, unfortunately, we have
only partial answers.

On one |l evel, there is the statistical problempointed out by Darby (1983)
in his study of real exchange rates of distinguishing between an exceedi ngly sl ow
adj ust ment process in the |levels of the variables and the absence of adjustment.
In the instances in which we fail to reject the hypothesis of a unit root (for
the levels), the coefficient on the | evel of the |lagged error termin the test
regression is generally less than .05, implying a first-order autoregressive
coefficient of .95 or greater per quarter. It could be, therefore, that we
simply have too few degrees of freedom to differentiate between that and a
coefficient of unity.?

Al ternatively, it could be that failure to reject is a reflection of our
ignoring the effects of changes in the arguments of the (conventional) |ong-run
demand for money function. |In the one instance in which the test results point
fairly strongly to rejection, we have allowed for the effects of both interest
rates and real income on the real quantity of money demanded.

We suspect, however, that this is at best only part of the explanation
For one thing, it conflicts with the estimation  results presented in the previous
section in which we have also made allowance for income and opportunity-cost

vari abl es. In addition, it raises the question of what shock-type variables
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coul d be responsi ble for the deviations fromequilibrium Money and price shocks
are obvious candi dates, but our proxies still left unaccounted-for errors.

A further plausible candidate is financial innovation of the type that has
taken place over the past two decades, fromthe introduction of CDs in the early
1960s to commerci al bank MVDAs in the early 1980s. Much of this innovation was
the result of the monetary acceleration that began in the late 1960s and
continued through the 1970s combi ned with regul atory restrictions on conmerci al -
bank behavior, principally restrictions on the payment of interest on deposits.
In its initial phases, the nonetary acceleration led to increases in the costs
of holding monetary assets as nominal interest rates on market-traded financia
instrunments rose and deposit-rate ceilings became binding. This was the period
of the "m ssing noney," of "disintermediation" and, not just coincidentally, of
greatly increased financial innovation. Then, in the 1980s, as nom nal interest
rates declined across the board and the regulatory environment changed, rates
paid on deposits rose. A situation of rising opportunity costs of holding
deposits had given way to one of falling opportunity costs.

In principle, this process could explain the existence of |long-lived and
serially correlated departures of the price-level fromits |ong-run equilibrium
path, departures of the type that would be consistent with the very sl ow
adj ustment coefficients implicit in many of the cointegrating regressions. In
principle also, however, such innovation could also produce permanent effects,
new deposits of differing "moneyness” than the old engendering one-time shifts

in the demand for noney. 18

| V. I mplications for Monetary Policy

The buffer-stock approach to nonetary analysis enphasizes the dynam c
rel ationshi p among the noney stock, interest rates, income, and prices. Despite
a general disrepute which has fallen upon nonetary relations during the 1980s,
we have seen that the GL model has done rather well in the decade since it was

formul at ed: not only are coefficients stable when the data for the |1980s are
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added, but the standard error slightly declines over the | onger period. The DS
nmodel does not display the same stability as the sanple is extended and appears
to be saved primarily by the | agged dependent vari able. We believe that this
reflects the presence of long-lasting if not permanent disturbances to the | ong-
run demand for noney function

These results conmplement those reported by Darby, Mascaro, and Marl ow
(1989) in which St. Louis-style relations relating real GNP growth and i nfl ation
to past monetary growth have performed much better than reputed. Unli ke that
study -- in which MLA seened at | east as good an indicator as M2 -- and Rasche
(1988) who found no structural break for MLA, this paper presents evidence that
supports a focus on M2 as an indicator of nonetary policy. Since the M
equations performed well in those other studies as well, perhaps the overal
conclusion is that M2 remai ns a useful indicator of the i npact of monetary policy
upon the U.S. economy.

A second conclusion which is supported by our results is that the
adj ustment process is a |long drawn-out affair of the sort that the buffer-stock
literature has | ong enphasized. That is, the relationship among nmoney, income,
and i nterest rates now depends upon nmoney shocks which occurred two or nmore years
earlier. Slow noney growth in one year will be largely offset by induced rapid
vel ocity growth, but velocity will grow nore slowly the next several years as a
predi ctabl e part of the adjustment process

Base drift (basing monetary growth targets on the fourth quarter of the
precedi ng year rather than the m dpoint of the previous target) conbined with
gradual adjustment of growth targets raises concerns in the buffer-stock
framewor k. Indeed, it is well known that base drift combined with [|eaning
against interest rate movements can lead to cunulative deflationary or
inflationary spirals. Base drift m ght be justified if the effects of monetary
policy were felt within the year, but that is clearly not the case on these
esti mates. Perhaps the ultimte refuge for base drift is an appeal to superior
information -- unavailable to the models estimted here -- as to what is a

per manent shock to the | ong-run demand for noney. By accommodating those shocks,
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it is argued, the long-run stability of the price level is enhanced. Even this
argument may fail, if the provocative cointegration results reported in Table 5
for the levels of M hold up in future research. |In that case, any base drift
ultimately shows up in the price | evel and i ncreases the prediction error for the

price level relevant for |long-term contracts.

V. Summary and Concl usi ons

We have examned the stability of two buffer-stock models of price
adjustment in response to monetary shocks over the 1980s. Like others, we find
that the DS model which relies on a | agged dependent variable is not stable over
the |ast decade despite an apparent ability to fit the data ex post. In
contrast, the GL model which uses an explicit error process i nstead of the | agged
dependent variable is stable both as to coefficients and expl anatory power. This
success is in sharp contrast to conventional wi sdomthat noney-demand functions
have totally collapsed in the |980s.

We believe that the success of the GL npdel relates to its ability to
handl e both permanent, or very persistent, shocks and transitory shocks.
Al t hough the nodel is not inconsistent with nonstationarity in the disturbances
to the long-run demand for noney, a separate investigation of the cointegration
properties of M2 and money demand vari abl es suggests the possibility that these
di sturbances di splay very persistent shocks which are eventually elim nated. The
Federal Reserve System s current study of the long-run indicator properties of

P* = M2/y will doubtless contribute to our understanding of these issues.
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Table 5

20

Tests for Cointegration between the Logarithms of
Money and the Price Level in the United States,

Coi nt egrating

1959:I-1988:1IV

Regression DW DE ADF

In(MLA

p vs. m 0.03 -1.213 -2.165

p-myvs. vy, 0.02 -1.229 -2.091

p+y-m vs. i, s 0.12 -1.235 -1 00O
In(WVR

p vs. m 0.02 -1.883 -2.469

p-myvs. vy, 0. 05 -1.396 -2.963

pty-mvs. (i.i,) 0. 35 -3.996 -3.083

Aln(MLA

AP VS.AM 0. 47 -4.134 - 2. 416

A(p-m vs. Ay, 1.05 -6. 258 -3.468

Al n(M2)

Ap VS. Am 0.50 -4.236 -2.541

A(p-m vs. Ay, 0.78 -5.160 -3.931

Source: See text.
Not es: DWis the Durbin Watson statistic for the cointegrating regression,
DF is the Dickey-Fuller statistic and ADF the augmented Dickey-Fuller
test statistic. For the log levels we used four |agged val ues of
differences in the errors in the ADF test regression; for the |og
di fferences, we used two. The cointegrating regressions are equations (5),
(6) and (7) in the text. Critical values for the tests of the hypothesis
of no cointegration are:

.01 . 05 .10
DwW 0.51 0. 39 0.32
DF -4.07 -3.37 -3.03

ADF -3.73 -3.17 -2.91
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NOTES

1. The Carr-Darby nodel was derived from Darby (1972), tested
successfully in Laidler (1980) and el sewhere, extended i n Darby and
St ockman (1983), criticized by MacKi nnon and M | bourne (1984), and
defended in Carr, Darby, and Thornton (1985). Lai dl er (1985)
pl aces these basic approaches in the broader stream of enpirical
anal ysis of buffer-stock nodels.

2. For evidence on long-run relationships, see Lothian's (1985)
study using cross-country data for 20 industrial countries in the
post-WN'| period and Friedman and Schwartz's (1982) study of the
United States and the United Kingdomfor the period 1873-1975.

3. See Bordo and Jonung (1987, 1990 forthcom ng) for cross-country
evi dence on the general role of institutional factors in the demand
for nmoney and Lothian (1976) on the nore specific question of
financi al i nnovation and the stability of noney-denmand functions in
an environnents of high and variable inflation and regulatory
restrictions on bank behavi or.

4. Mc Callum and Goodfriend (1987) refer to equations |Iike
equation (1) as a "portfolio-balance relationship”. They derive
such a relationship froma "proper"” noney demand function, that
they derive in turn from a nodel of household behavior in which
agents hold real noney balances to econom ze on shopping tine.
Li ke Goodfriend earlier (1985), however, they question the slow
esti mat ed speeds of adjustment obtained in enpirical nodels based
on (1) and fitted to short-run data, pointing to neasurenent error
as a |likely source of (downward) bias.

5. Dar by and Stockman estimted these equations in the context of an eight-
country simultaneous nodel. At the time, computer limtations precluded their
using more general (ARIMA) processes to estimate the error structures of the
i ndi vi dual equations in their model.

6. Foll ow ng Darby, Mascaro and Marlow (1989), we adjusted the MLA
series for the introduction of interest-bearing chevcking accounts
in 1982:1. A description of this adjustnment and the sources and
met hods used in deriving the other data are available in a separate
appendi x fromthe authors.

7. For M2 we replicated the expected noney equation used by
Gandol fi and Lothian (1983); for MA we wused a sinple
aut oregressive nodel. In future work, we plan to experinment with

expect ed noney equati ons based on the reaction functions devel oped
in Darby and Lot hian (1989).

8. Shifts of this sort have been uncovered in other studies of the
demand for noney. Gandolfi and Lot hian (1976), for exanple, found
that individual yearly cross-state noney denmand functions were
subject to intercept shifts over the period 1929-1968. Friednman
and Schwartz (1982) found it necessary to use dunmy variables to
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allow for the influence of war-related uncertainty on the demand
for money in the United States in the WWI period and its i medi ate
aftermath. Also in this regard see the series of studies by Gould
and Nel son (1974) and Gould, Nelson, MIler and Upton (1978).

9. As is well-known, correction for auto correlation is equival ent
to a series of quasi-differencing operations applied to all of the
variables in the equation, which in the case of a second-order
correction, we can wite for any variable x as

Xy = P1 Xio1 - P2 Xi-a

As in G, we obtain estimates of p, and p, such that p, = 1 - p,.
In the case of an exact rel ationship, the second order correction
woul d reduce to:

Xe = (1-02) - P2 X2,

or equivalently, to a first-order correction of the first
di fferences of x,

(X¢ - Xeo1) - p2 (X1 = Xee2).

Rasche (1988) and Darby, Mascaro and Marlow (1989) are recent
studi es that have found first-differenced fornul ati ons to work wel |
enpirically. Al so see the references cited in Gandol fi and Lot hi an
(1983).

10. We also used analysis of variance to exam ne the tenpora
stability of this relationship. W can reject the hypothesis that
the separate regressions for the subperiods ending in 1976:1V and
beginning in 1977:1 are not honobgeneous at the .01 | evel.

11. Consistent with the findings reported in The International

Transmi ssion of Inflation, these effects also renmain relatively
smal | in magnitude.

12. Cagan (1965), in his analysis of the cyclical role of noney,
contains one of the best discussions that we know of of the
probl ens i nherent in attenpting to separate effects of this sort.
Al so see Sinms (1980).

13. One potential source of omtted variable bias is failure to
adequately account for the effects of financial innovation. The
i ntroduction of interest-yielding checkable deposits in 1982 is an
obvi ous candi date, since there is a sizeable and abrupt shift in
the I evel of the MLA series between fourth-quarter 1981 and first-
quarter 1982. W have made sone al |l owance for this shift, however
as stated in note 5 above. |In addition, have we experinented with
dummy variables as an alternative adjustnment procedure. Thi s
yielded virtually identical results to those reported in the table.
The alternative explanation, that differencing is responsible



28

for these results, while plausible, does not explain the nuch
better performance of the M2 regressions.

14. Boughton and Tavlas (1990, forthcomng) report nore
satisfactory results using the CD specification both for the United
States and a nunber of foreign countries. W are inclined to

attribute the difference to their nuch shorter sanple period
(1973:1-1985:1V), in which case the problemof tenporal instability
that we have pointed to renains.

15. See the discussion of cointegration in Engle and G anger
(1987).

16. See Engle and Granger (1987) for significance |levels for both
the Durbin Watson and the t statistics.

17. The recent exchange-rate literature provides an interesting
paral |l el : Whether one rejects or fails to reject the hypothesis of
stationarity of the real exchange rate (or of the purchasi ng-power -
parity rel ationship) appears to be highly dependent on the | ength
of the sanple period. Aut oregressive nodels of the errors
estimated for long and short periods are often very simlar. The
ability to distinguish between very sl ow adjustnent processes for
the l evel s and no adjustnent at all, as Frankel (1986) and Hui zi nga
(1986) have conjectured, appears to be a question of underlying
degrees of freedom Results reported in Enders (1989) and Lot hi an
(1989), which show stationarity (in sonme instances trend-
stationarity) of real exchange rates in long-termtine series, are
consistent with this hypothesis. For a general discussion of the
difficulties involved in testing for unit roots see Cochrane
(1988).

18. There may wel | be effects other than those arising purely from
changes in the opportunity cost of holding real balances. Sone of
these innovations involve changes in the characteristics of
deposits. In principle, this could alter elasticities and
ot herwi se af fect the demand for noney function. See Lothian (1976)
for a discussion of these issues.



