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Estimated U.S. MI demand functions appear unstable, regularly "breaking down," over 
1960-1988 (e.g. missing money, great velocity decline, MI-explosion). We propose a money demand 
function whose arguments include inflation, real income, long-term bond yield and risk, T-bill 
interest rates, and learning curve weighted yields on newly introduced instruments in MI and 
non-transactions M2. The model is estimated in dynamic error-correction form; it is constant 
and, with an equation standard error of 0-4%, variance-dominates most previous models. Estimat- 
ing alternative specifications explains earlier "breakdowns," showing the model's distinctive 
features to be important in accounting for the data. 

I. INTRODUCTION 

In the early 1970's, the demand function for money in the United States (as measured 
by MI), seemed to be well established as a relatively simple and constant empirical 
equation with a sound theoretical foundation. Three subsequent episodes of breakdown 
in this relationship, namely 1974(1)-1976(2), 1982(1)-1983(2) and 1985(1)-1986(4), have 
strained such a view and could be interpreted to suggest that the demand function may 
be subject to abrupt shifts. In each of these periods, actual money-holding behaviour 
deviated dramatically from the predictions of existing models.' There is no shortage of 
explanations for the apparent change in underlying behaviour, including the availability 
of new financial instruments or new techniques of financial management, but many of 
the explanations have not been fully susceptible to quantitative expression and testing. 
Further, any explanation, to avoid the charge that it represents ad hoc rationalization, 
should be equally capable of explaining the apparent downward shift in money demand 
of the mid-70's and the apparent upward shifts of the 1980's. 

1. The mid-70's period is known as the Case of the Missing Money, when the quantity of money held fell 
dramatically below model predictions (see Goldfeld (1973), (1976)). The early 80's period, when money held 
substantially exceeded most projections, is denoted the Great Velocity Decline by the Federal Reserve Bank of 
San Francisco (1983). We refer to the rapid growth of real MI by more than 20% over 1985(1)-1986(4) as the 
MI-explosion, following Hendry and Ericsson (1991). 
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Estimated money demand equations displaying shifts may simply be mis-specified 
(see, for example, econometric evidence for the U.K. in Hendry (1979)). In periods of 
relative tranquility or of slow change in financial markets and institutions, model mis- 
specification may not be apparent. During more volatile periods, mis-specified models 
will be discovered to "shift" or demonstrate predictive failure. Meanwhile, a correctly 
specified model may show no statistically significant structural change. From this perspec- 
tive, a progressive research strategy is called for: any new model must not only be constant, 
it must account for previous failures and successes. Surveying the literature (for reviews 
see Judd and Scadding (1982), Laidler (1985), Cuthbertson (1989) and Goldfeld and 
Sichel (1990)), a number of potentially important features remain to be incorporated 
jointly in U.S. Ml demand models. 

The standard demand for money function is of the form (see Goldfeld (1973)): 

ln M/P = a +J31 ln y+fl2 ln Rs+P3 ln R2+34 In (M/P)-1 (1) 

where ln denotes the natural logarithm, a, 131 >0, 132<0, p3 <0, /34>0 are assumed 
constant, and MI P, y, Rs and R2 respectively denote real Ml, real GNP, a short-term 
market interest rate, and an interest rate on interest-bearing deposits in M2 (typically a 
passbook rate); all variables are measured quarterly and (MIP)-1 is the one-period 
lagged dependent variable. This function is potentially mis-specified in four ways: 
incomplete dynamic structure; inadequate treatment of Ml's own yields and those of 
alternative monetary instruments in the face of financial innovation; inappropriate treat- 
ment of inflation (by its complete exclusion); and omission of yield and risk of other 
assets (e.g. long-term bonds). We propose a model reformulated to allow resolution of 
such a claim. The result is an Ml demand model that passes tests of parameter constancy 
over all the challenging sub-periods of the twenty-eight years 1960-1988, including the 
three intervals identified above as problem areas for other demand equations. Experiments 
with the model, omitting distinctive variables and dynamics, result in parameter constancy 
rejection and errors of fit comparable to those experienced by earlier alternative models. 
We infer that the reason for the shifts in alternative models is their omission of appropriate 
dynamic structure and of important variables. 

The dynamic structure of our equation is based on an error-correction model, with 
contemporaneous and lagged conditioning variables (see Sargan (1964), Davidson et al. 
(1978) and Hendry, Pagan and Sargan (1984)). Interest rate variables are designed so 
that the introduction of new financial instruments in M2 does not alter the model's 
structure, with returns to newly introduced assets being adjusted for learning. Inflation 
is separately included. It was identified by Cagan (1956) and Friedman (1956) as a 
primary determinant of money demand during hyper-inflation. As with Ml models in 
the U.K., inflation turns out to be an important determinant of U.S. money demand at 
moderate inflation rates as well, especially in accounting for the great velocity decline, 
1982-1983 (as noted by Rose (1985) and Gordon (1984)). Finally, Tobin (1958) argued 
that the risk of long-term bond holding should influence M2 demand. We formalize the 
risk variable in a specific way and find a strong impact as well on Ml demand; bond 
yield and holding-period risk provide an important part of the explanation for the episodes 
of model failure. Such episodes are both a problem and an opportunity: explanations 
are badly needed, and the great variation in experience provides an unusually discriminat- 
ing test of alternative hypotheses about money-demand behaviour. 

Section II discusses the background economic model and Section III the econometric 
approach. The specification is discussed in Section IV and its implementation in Section 
V. Section VI notes alternative specifications and relates this study to earlier research on 
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U.S. Ml, and Section VII provides a detailed analysis of the historical episodes which 
were problematic for previous models. Section VIII concludes, with an appendix on the 
data series employed. 

II. FINANCIAL RISK AND INFLATION IN MONEY DEMAND 

It has long been recognized that the demand for a safe asset, e.g. money or Treasury 
bills, depends on a risk-return tradeoff against higher yielding risky assets (see e.g. Tobin 
(1958)). However, in a model that includes both money as a low-yielding transactions 
instrument and bills as a higher-yielding investment instrument, it is usually argued that 
bills dominate money as a portfolio asset (see e.g. Ando and Shell (1975), Chang, Hamberg 
and Hirata (1983) and Goldfeld and Sichel (1990)). Hence it is argued, in particular by 
Ando and Shell, that the risk-return tradeoff determines the portfolio balance between 
bills and risky assets, and money demand is determined by a yield-transaction cost tradeoff 
without allowance for risk. We argue, on the contrary, below that there may be a relevant 
risk-return tradeoff helping to determine the demand for money, even in the presence of 
safe higher-yielding assets. The basis of this contention is a capital market imperfection 
that causes bills to be absent from the portfolio and money to act as the safe portfolio 
asset in addition to the transaction instrument. The Ando and Shell model describes an 
interior solution in a perfect capital market. The yield on bills represents the foregone 
interest of a wealth holder putting his wealth instead in money. The implicit assumption 
of this model is that the relevant tradeoff is independent of whether the wealth holder is 
a net issuer or holder of bills-the typical wealth holder is supposed to borrow (or invest) 
at the same rate as the U.S. Treasury. 

We suggest, on the contrary, that there is a capital market imperfection, characterized 
as a spread between borrowing and lending rates available to a typical wealth holder. 
The existence of the spread is hardly in doubt; its causes probably lie in moral hazard 
and adverse selection issues beyond the scope of this paper. The result of the rate spread 
is that wealth holders face three regimes: debtor on the bill market, null position on the 
bill market, and creditor on the bill market. In the first and last cases, an interior solution 
obtains and the Ando-Shell analysis applies: the determination of transactions balances 
includes no role for risk. In the middle case, where the wealth holder has no net position 
on the bill market, since bills are not held or owed, the risk-return tradeoff on bonds 
enters the money-holding decision. The relevant tradeoff is safe money versus risky 
bonds: money fulfills both a transactions and a portfolio function, and measures of risk 
and return to holding financial assets enter explicitly in the money demand decision. We 
demonstrate that the very model that denies a risk-return tradeoff between money and 
risky assets in a perfect capital market requires it in an imperfect capital market. Hence, 
money demand specifications may need to include a risk-return tradeoff. 

We start with the Ando and Shell (1975) model in a comparative static analysis. 
There are three assets: e (equity), s (savings deposits), and m (money) with yields p, r, 
and rm. 

- 
is a random real rate of return, whereas rs and rm are certain nominal rates. 

The inflation rate, p, is random. e, s and m are expressed as average proportions of 
wealth: e+s+m m . 

Transaction costs T are the basis for money demand in the model, and vary negatively 
with m. The model has two periods with respective consumptions Cl and C. Consump- 
tion is financed from wealth and investment yields. Portfolio selection is intended to 
maximize EU(C2) where E denotes the expectations operator and: 

C2= W-Cj+(W-iCj)[ep-+s(rs-f )+m(rm- -)]-T(M, C1). (2) 
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C1 (first period consumption) is taken as independent of the portfolio choice. W, initial 
wealth, is exogenous. Average money balance is a portion of average unconsumed wealth: 
M= m(W-4CI). Optimizing policy is described by choosing e and m to: 

Maxe,m E, ,p U(C2). (3) 

The first order conditions, assuming an interior solution are: 

-E= E{( W-4C1)[- (rs -)] U'(* )} = 0, (4) ae 

-~= E{(W W- ICX)-(rs -P) + (rm -P- TM * ) U ( *)} = . (S) am 

Simplifying, the second condition becomes: 

rs-rm =-Tm (M, C1). (6) 

Thus, Ando and Shell conclude that the money/savings-deposits margin is determined 
only by yield and transaction cost, while the equity/savings-deposit margin reflects risk 
and return: the risk-adjusted marginal utility of returns to s and e are equated. 

We now complicate the model by restrictions to represent capital market imperfection: 

rs=Ts fors<OI 
whereTs>rs. 

rs=rs for s>0j 

That is, on the short-term money market, the individual can borrow only at a higher 
interest rate than that at which he can lend. This includes as a special case the impossibility 
of short-term borrowing: rS = +Xo. This formulation is in contrast with Ando and Shell 
where there are no non-negativity restrictions- on s or m and there is a single borrowing 
and lending rate rs. 

Solving the optimization problem, there are three cases: 

Case 1: s>0; Case 2: s=0; Case 3: s<0. 

For cases 1 and 3, the analysis of Ando and Shell remains, with rS, Fs, substituted 
respectively for rs. Case 2 is characterized by: 

rs-rm >-T_ >.rs-rm, 

so the marginal returns to additional money holding neither reward indebtedness (s < 0, 
S=rs) nor savings deposits (s > 0, rs =.Es). Since 1- e - m = 0, m = 1- e and so: 

U =u W - Cl + (W - 1 Ci)[ep- + (I 1-e)(r,,,- )] - T[( W - 1 C,)(I - e), CJ]} (7) 

and hence the first-order condition is: 

aeU E{( W-ICO)U(P-rm +p) + Tm] U( * )}0. (8) 

That is, the risk-adjusted marginal utility returns to m and e are equated. Hence, for 
case 2, the risk-return tradeoff between m and e (with the slight additional complication 
of Tm,) is precisely parallel to that for s and e in cases 1 and 3. An important consequence 
of this formulation is that alternative asset yield and risk enter the money-demand function, 
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so this formulation will differ from the Goldfeld benchmark when risk-adjusted yields 
on alternative assets differ from their average values. 

Chou (1988) develops the comparative statics of case 2, for the special case of a 
quadratic utility function, U(x) = ax + bx2. He finds the elasticity of m with respect to 
the variance of equity yields, ao, to be: 

wsm'oP= [ ml ?+2m1 CMv- D (9) 

where cr -- is the covariance of equity yields p with inflation p, and: 

D= ( r,up-rm -/1 + Tm )2 + 2 + o- + 2Orpp 

T 
Tmm {a+b(W-C1)+b(W--Ci)[e1.L +m(rm-4up)]-bT} 

b 

and where /up and ,up are the expected values of 
- 

and pf respectively. In order to sign 
the expression for $, if we disregard osp and the higher-order terms in D, we find that 
the elasticity of money demand with respect to equity risk is positive and proportional 
to equity risk. This is the formulation estimated below in the context of a dynamic equation. 

Case 2 is best characterized by the yield inequality: P, - rm > - Tm > r, - rm. When 
the yield inequality holds, the expected return 1_9 on e may exceed the return to savings, 
but be less than the cost of borrowing. The target level of bill holdings will be nil; equity 
rather than savings will be the preferred alternative for excess money balances. A wealth 
holder fulfilling the inequality may temporarily have a non-null position on the bill 
market-a transitory situation as asset balances are adjusted to target levels. When the 
yield inequality holds, the wealth holder will seek to pay off short-term debt and to run 
down short-term interest-bearing assets. This adjustment takes place through correspond- 
ing opposite adjustment in money-holding, m and in the equity position, e. The balance 
between m and e is then determined by a risk-return tradeoff. In the estimated money 
demand model below, long-term bonds are used to represent the risky asset e; their 
expected return is taken to be the yield to maturity and their risk is represented as a 
moving-average standard deviation of holding-period yield. 

Inflation rates and interest rates both represent an opportunity cost of money-holding. 
Inflation rates, independently of and in addition to interest rates, will enter the money 
demand function if inflation and interest rates are imperfectly correlated, i.e. if the Fisher 
equation does not hold uniformly and without lag (see Figure 7 below). In the sample 
period 1960(3)-1988(3), the correlation of inflation rates and T-bill yields is 61% and so 
inflation rates account for R2 = 037 of the variation in T-bill yields. Hence, inflation is 
a separate argument in the money demand function, consistent with Goldfeld and Sichel 
(1990). 

III. ECONOMETRIC MODELLING 

The framework we adopt is discussed in Hendry and Richard (1982,1983), Hendry 
(1987, 1989) and Spanos (1986). Empirical econometric models are viewed as derived 
representations of the economic mechanism, obtained by data reduction, using in-sample 
test statistics as model selection criteria. The main reduction steps in model derivation are: 

[1] Data Transformation; 
[2] Marginalization with respect to disaggregated and unwanted information; 
[3] Sequential conditioning with respect to the history of the process to create a 

martingale difference error relative to the retained information; 
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[4] Linear approximation with a fixed lag length, selected to retain an innovation 
error; 

[5] Conditioning on contemporaneous variables which are weakly exogenous for 
the parameters of interest (see Engle et al. (1983)); 

[6] Simplification to yield a parsimonious and interpretable data characterization. 

Relative to the approach of simply fitting a theory-based model, [1]-[4] highlight 
the need for a complete menu of data-relevant determinants, an adequate dynamic 
specification (see Hendry et al. (1984)) and useful functional form transformations. Also, 
[5] precludes arbitrary exogeneity claims if the parameters of interest are to remain 
constant across regime shifts in the conditioning variables (see Engle and Hendry (1989)). 
However, [6] is au choix: general dynamic equations are susceptible to many possible 
simplifications even after the regressors have been expressed in nearly-orthogonal form. 
Simplification is usually necessary to interpret the model and to produce more robust 
specifications than unconstrained models. Further, parsimony allows more rigorous 
testing of the assumptions required to sustain the reductions. 

The initial empirical model is formulated with sufficient generality to encompass 
previous findings, salient data features and theoretical knowledge, such that it would be 
surprising if a still more general model were necessary in order to adequately characterize 
the data. If the data base is insufficient to estimate the general model (e.g. the sample 
size is too small), a pre-simplified feasible general unrestricted model (denoted GUM) 
is estimated, to be expanded if necessary as data accrue. The data series are then 
transformed to create a near-orthogonal parameterization, selected to correspond to likely 
decision variables of the relevant economic agents, contingent on information they could 
have had available. The transformed model is simplified to eliminate redundant influences 
(which may be genuinely conditionally irrelevant, or may just lack variability in the given 
data set). Thus, the modelling strategy advocated designs congruent models by exhausting 
the information content of existing data so that such models cannot be dominated 
within-sample on that data. 

Once a model is selected, an array of tests can be applied to check its congruency. 
The reduction steps delineate the information sets against which model validity can be 
checked: 

(Ai) The past of the investigator's own data, leading to tests for homoskedastic 
innovation errors in the simplified conditional model ([3]). 

(Ai;) The contemporaneous values of the conditioning variables, leading to tests of 
their weak exogeneity for the parameters of interest ([5]). 

(Aiii) Future data, leading to tests for the constancy of the parameters of interest and 
hence their potential invariance (see Favero and Hendry (1989)). 

(B) Theory information, leading to tests for theory consistency. 
(C) Measurement information (e.g. inherent properties of the accounting system), 

and the associated concept of data admissibility. 
(D) Complementary data used in rival models, again partitioned into the relative (i) 

past, (ii) present and (iii) future, leading to tests for historical encompassing (see 
Mizon (1984), Mizon and Richard (1986), and Hendry and Richard (1989)); 
exogeneity encompassing; and forecast encompassing (see Chong and Hendry 
(1986)) respectively.2 

2. Goodness-of-fit is necessary but not sufficient for encompassing in a given model class. 
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The specific tests used to evaluate the various aspects of congruency comprised: 

,q1(M - N, T - K-M) F-test for N-th to M-th order residual autocorrelation in a model 
with K regressors and T observations: Ai (see Harvey (1981)). 

7/2(H, T- H - K) Chow F-test of parameter constancy over H forecasts; iq* is the 
analysis of covariance test (H> K): Aiii (see Chow (1960)). 

773(n, T-n-K) F-test of functional form mis-specification/heteroskedasticity 
for n variables: Ai (see White (1980)). 

77q(m, T - m - K) F-test of the restricted model against the GUM for m restric- 
tions: Ai. 

{5(2) x2-test for Normality: Ai (see Jarque and Bera (1980)). 
776(r, T-2r-K) F-test for Autoregressive Conditional Heteroskedasticity 

(ARCH) of r-th order: Ai (see Engle (1982)). 
7(j, T-j-K) F-version of the RESET test for j powers: Ai (see Ramsey 

(1969)). 
778(Xt)(1, T- K-1) F-test on the significance of adding x, as a regrtssor: Ai. 
es(H)l H X2 -test for predictive failure over H forecasts, standardized by 

its degrees of freedom: Aiii (see Hendry (1979) and Kiviet (1987)). 

Of these, 71i, 773, 774, 776 and 778 test for homoskedastic innovation errors; 3 and 7 

for correct functional form specification; e5 for normality; and 772 and eg for constant 
parameters; also, N and 78 test for a priori restrictions to be imposed on the GUM. Such 
tests are part of the design strategy and despite being selection criteria are conducted in 
the Lagrange-Multiplier spirit (see Engle (1984)). In particular, while it is easy to remove 
(say) residual autocorrelation by re-designing the model, it seems difficult to produce 
parameter constancy just by tinkering with the specification (design) of a model so long 
as regime-shift dummies are not admissible. Even if this were feasible within sample, 
later evidence will accrue to discriminate good models from bad. In practice, the products 
of such an approach have tended to be parsimonious, robust and reasonably constant, 
as well as successfully accounting for the results of previous models (see Davidson et al. 
(1978) and Hendry (1979) inter alia). 

Four aspects of our econometric approach deserve brief note, given the previous 
research on Ml demand in the U.S.A.: non-stationarity, autocorrelation, contemporaneous 
conditioning, and collinearity. We take these in turn. 

Economic data are not well-characterized as being generated by a stationary stochastic 
process. First, the evolutionary nature of the levels of economic variables has prompted 
much recent research (see Hendry (1986), Engle and Granger (1987), Phillips (1991), 
Johansen (1988) and Hylleberg and Mizon (1989) inter alia). The model used below is 
consistent with the existence of a cointegrating relationship describing the long-run 
dependence of money demand on the arguments of the demand function. Denote the 
Vector Autoregression (VAR) of order p in the N variables {xt, t- 1,.. ., T} under 
analysis by: 

Axt = 4 + E H lli Axt-i + IIxt-p + et where et - IN(O, f). 

The x, are assumed to be integrated of order one, I(1), but the number of cointegrating 
vectors i, and hence the number of unit roots N - v, is unknown. The distributions of 
statistics are non-standard in such a setting and require special critical values. Tests for 
v can be based on the approach proposed by Johansen (1988), which is equivalent to 
testing whether II = aon', where ,3 and a are N x P. Since the likelihood function depends 
on the normal distribution, it can be concentrated with respect to n, f and (HI , . . ., rp-l), 
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the last by obtaining residuals U0, and Up, from regressing Ax, and x,_p respectively on 
the {Ax,_i}. Denote the second moment matrices from these residuals by S00, SOP, SPO 
and SPP where Sij T-1 T1 Ui,Uj, for i, j = 0 and p. Then v is determined by the largest 
eigenvalues Al ' ?A_* . AV- -AN ? of: 

IASpp - SpOSo 'Sop =0, 

and 0 by the corresponding eigenvectors. Since the maximized likelihood is given by: 

L( i)=C-jTEi.1Iln(1-Ai), 

tests of the hypothesis that there are 0_ v < N cointegrating vectors can be based on: 

St10(v)=- TZEi- ln (1 -Ai), 

(twice the log of the likelihood ratio for restricting II) with v being selected via the first 
significant statistic ely( v). Alternatively, sequential tests of significance of the largest {AVJ 
can be based on elI(v) = - T ln (1 - A,). Under the null hypothesis that the eigenvalues 
are zero, both elo(v) and 611(v) have distributions which are functionals of Brownian 
motion, but critical values for these tests have been tabulated by Johansen and Juselius 
(1990) and Osterwald-Lenum (1990) inter alia. The cointegrating combinations are given 
by wt = P'x, and these are the estimated error-correction mechanisms (ECMs). Further, 
a reveals the importance of each cointegrating combination in each equation. If a given 
ECM enters more than one equation, the parameters are cross-linked between such 
equations, violating weak exogeneity and entailing joint estimation for efficient estimation 
(see Phillips and Loretan (1991) and Hendry and Mizon (1990)). We exclude the 
possibility that 4 only enters the cointegrating vectors, since GNP has grown substantially 
over the sample period. 

Second, although all the variables in our model are either differenced or cointegrated, 
stationarity is not a reasonable basis for modelling, given the predictive failure sympto- 
matic of previous MI relationships in the U.S.A. (for a related analysis applied to the 
U.K., see Hendry and Ericsson (1991)). Regime shifts, financial innovation and structural 
change all offer potential explanations for previous model failures. Thus, our primary 
focus is to find constant parameter representations, which incorporate past changes and 
are formulated to remain constant despite changes elsewhere in the economic system (see 
Hendry (1979, 1985)). 

Next, the presence of autocorrelated residuals is often "treated" by assuming an 
underlying autoregressive error process and "removing" it via one of the many packaged 
devices (such as that attributed to Cochrane and Orcutt (1949)). This is not a valid 
approach to dynamic specification in general. As shown by Sargan (1980) and exposited 
by Hendry and Mizon (1978), autoregressive errors entail a range of testable restrictions 
on the general dynamic model (called common factor restrictions) and these should be 
tested first, prior to fitting the error process. In many cases, common factor restrictions 
are rejected when tested, usually because the residual autocorrelation is a symptom of 
model mis-specification (often incorrect dynamics), not of autoregressive errors. Con- 
versely, when common factors are a valid representation, the data should be consistent 
with the restrictions (for examples, see Mizon and Hendry (1980) and McAleer et al. 
(1985)). This is one important reason for commencing from a general dynamic model. 

The simultaneous-equations paradigm is so dominant in textbooks that many econom- 
ists seem skeptical of models with contemporaneous conditioning variables, i.e. they 
doubt the validity of weak exogeneity assertions. A proper test of valid conditioning 
would involve formulating a congruent marginal model and then testing for the depen- 
dence of the parameters of interest on the parameters of the marginal model. Since one 
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point of formulating conditional models rather than jointly modelling every variable is 
because of the difficulty of doing the latter, direct testing of weak exogeneity is rarely 
practical. Instead, necessary conditions can be tested, including the absence of the 
long-run money demand cointegrating vector from the other marginal models (see Hendry 
and Mizon (1990)). Further, since weak exogeneity is necessary for super exogeneity 
(see Engle and Hendry (1989)), and since the behaviour of some of the explanatory 
variables must have altered over the sample when predictive failure has in fact occurred, 
parameter constancy tests indirectly test weak exogeneity. If the conditional model does 
have constant parameters despite other models having failed, then the evidence is con- 
sistent with valid conditioning. When a set of valid instrumental variables exists, of which 
no current or lagged values enter the conditional model, then lags of those instruments 
can be used to test the overall validity of the model formulation and indirectly that of 
the conditioning assumptions. Below, the legitimacy of conditioning is tested via co- 
integration and sub-sample constancy tests. 

Moreover, when the resulting conditional demand model is constant, but it is known 
that the supply function shifted during the sample period (e.g. under the New Operating 
Procedures for money supply), then the "classical" identification problem does not arise 
since all linear combinations involving the shifting equations are automatically excluded. 
Thus, a constant relationship with appropriately interpretable coefficients could only be 
a demand function (compare Cooley and LeRoy (1981)). 

Finally, collinearity is not a property of a linear model, but of a parameterization 
of that model. The important issues thus concern the choice of the parameters of interest 
and the information content of the data, and not the correlations between some formulation 
of the regressors. For interpretability, parameters of interest should correspond to rela- 
tively orthogonal variables and for parsimony, those functions of the data which lack 
variability should be deleted. Since any linear model can be orthogonalized, collinearity 
at the level of the general unrestricted model is not a problem, subject to numerical 
accuracy caveats which sensible scaling and good programming can mitigate. 

The economic theory model delineates the class of econometric models to be investi- 
gated, namely, error-correction formulations with well-defined equilibrium properties 
entailing that a cointegrating vector exists. The log-linear functional form was selected 
to ensure that the model was equivalent under a range of transformations of the dependent 
variable (including using (log) nominal or real money or velocity or changes in any of 
these), with potentially homoskedastic residuals (as a percentage of real Ml), which 
seemed likely to capture the constant behavioural propensities of economic agents in an 
evolving world. Since long lag lengths on all variables need not entail slow lag reactions, 
the longest lag was set at six initially (on money, prices and incomes, but one or two on 
interest rates), producing 40 parameters, which was acceptable given a sample of around 
100 observations. 

The original specification was developed in Baba, Hendry and Starr (1985) (denoted 
BHS below), who transformed their general model to a near-orthogonal parameterization 
(fitted using the sample up to 1984(2)) and sequentially deleted redundant regressors. 
An F-test against the general model was calculated to protect against imposing invalid 
restrictions. So far as possible, individual regressors were retained only if they were 
"significant" at around the 01% level (Iti ? 3 46 for more than 50 degrees of freedom) 
as this allowed at least 50 tests on the model while retaining the overall significance 
level at less than 5%. However, if deleting a sub-set of variables produced large 
values for diagnostic checks, the resulting variables were retained if their absolute t values 
exceeded 2-5. 
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Because a number of features of our model were relatively novel, there was little 
previous empirical evidence to narrow down the initial range of reasonable hypotheses. 
Consequently, we arbitrarily imposed certain formulations, leaving improvements on our 
initial specifications to later investigators should our approach prove useful. The simplified 
model was then evaluated against most of the information sets described above. Since 
that study, new data has accumulated, including eleven observations outside the longest 
sample previously used even for testing, and occurring over the MI explosion episode 
noted above.3 

IV. FORMULATING THE MONEY DEMAND FUNCTION 

The error-correction model posits a long-run stable demand function for MI, deviations 
from which induce adjustments to re-establish equilibrium. Given the theoretical dis- 
cussion in Section II above, the postulated long-run equation has the form: 

M 
p = c0o Y' exp (a2S + a3RI + aC4p + a5RRnsa + a6 V + a7Rma ) (10) 

where M = MI , P = implicit deflator of GNP, Y = real GNP, S = Bond/T-bill yield spread, 

RI = one month T-bill rate, p = the inflation rate, Rnsa = learning-adjusted yield in MI (to 
account for the introduction of interest-bearing NOW and SuperNOW accounts), V= 
moving standard deviation of holding period yields on long-term bonds (measuring the 
risk to the holding of long-term debt) and Rma = learning-adjusted maximum yield in M2 
(accounting for the introduction of new assets and institutional change). Lower case 
letters denote the logs of the corresponding capitals. Figure 1 reports the time series of 
(m - p) = ln M/P over the entire sample; note the dramatic change in the behaviour of 
the series at the end of the sample. Figure 2 records the time series of inverse velocity 
(m -p -y) which reveals that the ratio fell steadily during 1960-1984, before rising at 
the end of the sample. 

The specification in (10) is consistent with, and generally nests, previous long-run 
solutions as in (1) above. Although the distinctive economic variables in the present 
demand function all have antecedents in the literature,4 three variables are sufficiently 
novel to merit separate discussion, namely V, Rma and Rn,a 

First, the expected risk and return to long-term bonds must be modelled. Assuming 
expected capital gains from anticipated movements in long-term interest rates to be nil, 
the expected return is simply the yield. The expected risk is represented as a slowly 
evolving measure, denoted V, rather than a highly variable measure (such as ARCH or 
the innovation variance of the holding-period yield H,), which might be appropriate in 
a speculative market (see Pagan and Ullah (1985)). Thus, we summarize risk by a moving 
standard deviation of H, (at monthly rates). Let: 

r {12 r /n{1 

3. In fact, the data series on prices and income were substantially revised to a 1982 basis, which induced 
some changes in the empirical dynamics of MI demand, and revealed a simpler specification for interest rates 
than that reported in BHS. The measure of volatility was amended to be an average over two years of the 
annual standard deviation of holding period yields at a quarterly rate. The MI data have been revised recently 
also, but we retained the earlier data for comparability. Similar results were obtained on the newer figures, 
except for two outliers not present on the original data set. 

4. See inter alia Evans (1984), Koskela and Viren (1984), Rose (1985), Starr (1983), Tatom (1984), and 
Turk (1984). The actual measures adopted here as corresponding to the theoretical variables undoubtedly 
remain open to improvement, but as we show below, account for most previous failures. 
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Representation of bond holding-period risk is first by an annual standard deviation of 
H,. In month t, define: 

vmt-( - s t - t 12) * (12) 

Then Vm is converted to a quarterly average Vq, from which our measure V is calculated 
as the moving average: 

Vt- i=o qt-il9 

A graph of the behaviour of { Vt} over time is provided in Figure 3, and a listing of 
Vmt, Vqt and Vt is available from the authors on request.5 Note that V, has a local trough 
in 1973(4) and a local peak in 1981(4). These dates are immediately prior to periods of 
structural breakdown in most other Ml models, which are generally characterized by 
over-prediction of demand in 1974-1976 and under-prediction in 1982-1983. We regard 
this as more than simple coincidence, and V, is important to the model's ability to forecast 
these periods of known difficulty and to predict the major upswing in MI in 1985-1987. 
Since the growth rate of nominal money exhibits considerably varying volatility, a check 
on the adequacy of Vt is provided by testing for ARCH effects in the error term of our 
finally selected model (see Engle (1982) and Engle and Hendry (1989)).6 One interpreta- 
tion of the role of risk and return to long-term bonds in money demand is that the relevant 
long-term bond yield is a "certainty equivalent" yield on long-term bonds represented 
as the bond yield minus the premium in the yield attributable to asset price risk. This 
interpretation is developed in the model of equations (21) and (22) below. 

Next, much financial innovation during the 1970's and 1980's has taken the form of 
creating new financial instruments which are close substitutes for other monetary instru- 
ments but which typically carry higher yields (see e.g. Simpson and Parkinson (1984)). 
A period of time is generally required for wealth holders to learn about, adapt to and 
trust a new instrument. Thus, the effective marginal opportunity cost of holding wealth 
in non-interest bearing Ml (as opposed to interest-bearing M2) can be represented by 
the differential from the highest prevailing yield in non-transactions M2, with the yield 
on newer instruments being weighted by a learning curve. A period of 20 quarters is 
assumed sufficient for full effectiveness of the new instrument. The learning curve reflects 
both pure information accrual as to the existence of the asset (an "epidemic" ogive 
response curve as in Griliches (1957)) and the economic motivation for learning to use 
it (a function of its excess rate of return over similar existing assets). Again, we have 
little previous research to build on, so given the number of features to be data modelled, 
we selected a plausible if ad hoc specification. Let to be the introduction date of the 
asset, then the learning effect is: 

Oil t < to 

w(t)={ [1+exp(7-0-0-8(t-to+1))I-', to' t <20+ to . (13) 
(1 t i_t 20 + to 

5. The lag dependence of V, on H, was not subject to experimentation except for allowing up to 2 lags 
in the GUM, and only V, itself was retained in the final model. For comparison, we computed a 36-month 
moving standard deviation (suggested by Neil Ericsson) and obtained similar but somewhat poorer results. V, 
relatively downweights very recent and long past values of H, compared to a pure moving standard deviation. 

6. Since the residuals from a time-series model for Am, have a first-order ARCH coefficient of 0 44 
(t = 4 9) whereas our model has no ARCH effects in its residuals, our treatment of risk and dynamics is effective 
in accounting for that data feature among others. 
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The function in (13) is designed to be negligible prior to the asset being introduced, and 
to be unity at to+ 20. 

The raw yields on non-transactions M2 assets considered here are: 

Rp= passbook rate 
RCd = commercial bank small certificate of deposit (cd) rate 
R..f = money market mutual fund rate. 

The dates for the weights in (13) are, therefore: to= 1965(4) for small bank cds, Wcd; and 
to = 1974(3) for money market mutual funds, win. From these weights, a family of adjusted 
yields representing learning and accommodation by wealth holders to new M2 assets is 
generated using (13): 

Rcda =Rp + WCd(Rcd -Rp) 

Rmfa = Rcda + Wm (Rmf-Rcda) 

from which 

Rma = max [Rp, Rcda, Rmfa] 

Rma is the representative learning-adjusted yield on non-transactions M2. This 
approach generates a continuous time series {Rma} for the alternative asset yield (essential 
for econometric use) and at least reflects the main ingredients of choice in an evolving 
financial environment. Figure 4 shows Rmat and annual inflation (Pt -Pt-4). 

Next, we applied the same treatment to the introduction of interest-bearing MI assets: 

Rn = NOW account rate, taken to be nil prior to national introduction in 1981(1). 
Rsn = SuperNOW rate, taken to be nil prior to national introduction in 1983(1). 

For MI assets, the dates in (13) are given by: to= 1981(1) for NOW accounts, wn; and 
to= 1983(1) for SuperNOW accounts, Wsn. Thus, we create: 

Rna = WnRn 

and 

Rsna = WsnRsn 

from which 

Rnsa = 2[Rna + Rsna] 

Then Rnsa is the adjusted other-checkables rate in M1.7 
The variables and data sources are fully described in Appendix A but in summary are: 

mt = ln MI, seasonally adjusted. 
pt = In GNP deflator, seasonally adjusted. 
yt = ln real GNP, seasonally adjusted. 

7. Both the data on the flows into NOW and SuperNOW accounts and the early estimates of separate 
effects for Rna and Rsna (see e.g. Table 1) suggested that these assets appealed to different clienteles; hence 
the use of an average. 
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Ay1 =(yyt+y,-) (an average suggested by Rose (1985)). 
Rt = 20-year Treasury bond yield to maturity. 

RI = 1-month Treasury bill coupon equivalent yield. 
AR,, = '(RIr + RI,_,). 2 _ 

St = -t R1,. 
ASt =(St + St-1). 

Rma, = learning-adjusted maximum yield on instruments in M2 (see text). 
Rnsa, = (Rna, + Rsna): learning-adjusted other-checkables rate in M1 (see text). 

V, = volatility measure based on long-bond holding-period yields (see text). 
SV, = max (O, St) Vt. 
Dt =credit control dummy, -1, +1 in 1980(2)/(3), 0 otherwise 

(see Gordon (1984)). 
ixt = (xt - xt-i)/ i for any variable xt. 

A2Xt = AXt -AX1_ 

APt = Ap1 +A2Pt (predictor of inflation: see Campos and Ericsson (1988)). 

All interest rates are expressed as decimal fractions, at annual rates, so Vt is scaled by 0-01. 

V. AN EMPIRICAL MONEY DEMAND MODEL 

To establish the orders of integration of the processes in the model and check the 
cointegration entailed by (10), the six main variables (mt - Pt, Apt, Yt, Vt, St, R*,) were 
analysed using the procedure proposed by Johansen (1988), where R* = R,, - Rnsa,. A 
VAR with 5 lags on each variable (plus intercepts) yielded the following eigenvalues {Ai} 
and eigenvectors i of the long-run matrix 11 = o4Y' for T = 1960(3)-1988(3): 

Eigenvalues of H 

v A, fll(V) 5% CV alr(') 5% CV8 

6 0-027 3-12 3-76 3-12 3-76 
5 0-056 6-51 14-07 9-63 15-41 
4 0 106 12-60 20-97 22-23 29-68 
3 0 137 16-60 27-07 38-83 47-21 
2 0-186 23-27 33-46 62 10 68 52 
1 0-396 56-97 39.37 119 06 94-16 

The null of no cointegrating vectors can be rejected at the 5% level in favour of one 
according to both tests el0(v) = - TEIN,>1 ln (1-Ai) and e I ( I) = - Tln(1 -Ark), but one 
cannot be rejected in favour of two. The first cointegration vector , normalized on 
(mr-p)t is: 

(m -p)t = -5 51Apt + OSlyt - 6-64St - 3 96R* +3 72 Vt. (16) 

8. We are grateful to Michael Osterwald-Lenum for permission to quote the critical values of the Johansen 
statistics. When interpreting this analysis, it must be remembered that (a) the coefficient of Rnsa was imposed 
from (18) at 2 due to being non-zero for only a small part of the sample; (b) the VAR coefficients on some of 
the marginal processes were not constant; (c) we imposed the restrictions (from re-interpreting BHS) that Rma 
and SV only entered the analysis in differenced form. All of these caveats entail that the VAR analysis is 
suggestive rather than definitive, hence we neglect the possible dependence of the spread equation on the 
cointegrating money demand vector. 
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This is consistent with the postulated long-run solution in (10) and the earlier results in 
BHS, and supports a coefficient of one half on income in the ECM. The feedback 
coefficients were: 

ax'-vector 

Variable (m-p)t Apt Yt St Vt 

(m-p)t -0-24 0.05 0 09 -014 0-08 -0 00 

The first element in a implies a feedback coefficient of -0-24 which is much larger 
than in BHS (but similar to that found on the revised data below). However, some of 
the other elements in the first column are large and suggest that the first cointegrating 
vector enters at least the spread equation as well, which would violate weak exogeneity. 

Turning to the single-equation approach, based on the experience in BHS and earlier 
evidence of a single cointegrating vector, the GUM allowed up to six lags on (mt, Pt, Yt), 
two lags on (SVt, Rita,, Rsna,), and one lag on (Vt, Rt, R1,, Rma, ), as well as including Dt 
(unlagged) and an intercept. Table I reports the GUM estimates together with F-tests 
on the overall relevance of each variable (with ni and T - K degrees of freedom for ni 
lags in the given polynomial and K = 39 regressors), and t-tests of the hypothesis that 
the sum of each variable's lag coefficients is zero (corresponding to a unit root in the 
associated lag polynomial: see Hendry (1989)). Both null hypotheses are rejected at the 
5% level for (mt, pt, yt, Vt, Rt) (using a critical value of 4-8, based on 6 regressors in 

TABLE I 

General unrestricted model 

Lag 0 1 2 3 4 5 6 Yi Fl t 

Mt -1-000 1-039 -0-381 -0-000 -0K133 0-414 -0-166 -0-228 92-90 
SE 0-105 0-135 0-119 0-106 0-104 0-072 0-036 -6-39 

Yt 0-194 -0-010 -0-044 -0-087 0-110 -0-055 0-023 0-131 8-64 
SE 0-060 0-077 0-072 0*069 0-069 0-069 0-053 0-021 6-35 

Pt 0-326 -0-221 -0-117 0-042 0-150 -0-134 0-172 0-218 8-01 
SE 0-122 0-168 0-161 0-164 0-170 0-179 0-123 0-031 7-04 

Vt 0-484 0-271 - 0-755 20-73 
SE 0-436 0-437 - - 0-117 6-43 

Rt -0-623 -0-607 - 1-230 12-00 
SE 0-239 0-293 0- - - 0259 -4-75 

Rl, 0-195 0-119 0-315 1-28 
SE 0 191 0-217 - - - - 0-205 1*53 

Rma, -0-226 0-297 0-071 5-10 
SE 0-100 0-094 - - 0-084 0-84 

R,ia 1-018 -1-465 0-746 - - - 0-298 2-88 
SE 0-528 0-817 0-457 - - 0-108 2-77 

Rsna, -0-498 1 - 173 -0-500 0- 175 1 72 
SE 0-774 1*367 0-758 - 0-161 1-08 

SVt 1-28 9-45 -12.70 - --1-97 10-10 
SE 5-39 6-34 2-60 - 7-22 -0-27 

Dt 0*013 - - - - 0-013 13-54 
SE 0-004 - X - - 0-004 3-68 

1 0-346 - - - 0-346 22-43 
SE 0 073 - -- 0-073 4-74 

R2= 0-99996, = 0-398%, F(38, 74) = 49,422, DW = 2-20, SC = -9-84 

fl3(37, 36) = 0-62, 65(2) = 0-22, 776(4, 66) = 0-59, T = 1960(3)-1988(3) 

DW is the Durbin-Watson (1950, 1951) statistic and SC is the Schwarz criterion (see e.g. Hendry (1989)). 
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MacKinnon (1990), for the unit root t-test, which has a Dickey-Fuller (1979, 1981) 
distribution). This outcome matches the results of the preliminary cointegration analysis. 

The solved long-run equation deriving from the Table I model is: 

m = 1-52 +0955p+0 574y+3-31V- 539R+1 38R +0-310Rma 
(0-13) (0 045) (0 060) (0.52) (0 97) (0 83) (0 37) 

+ 131Rna +0-765Rsna-8 63SV+0-059D 
(0.52) (0 627) (32.2) (0.020) (17) 

This equation extends, but otherwise closely matches, the solution from the VAR. 
Obvious restrictions on the GUM, such as price homogeneity, an income elasticity 

of 0 5, and the long-run irrelevance of Rma and SV were tested (and accepted). The 
equation was then transformed as discussed in Section III. Short moving averages were 
formed in the light of the sample evidence, taking account of earlier findings. The 
following model for MI demand was developed from the Table I GUM and constitutes 
the baseline equation discussed in the remainder of the paper. Standard errors are in 
parentheses, estimation was by OLS, the sample size was 113 observations, and Mean 
and SD respectively denote the dependent variable's unconditional mean and standard 
deviation. 

A(m -p), = 0-352 -1 409AS, -0-973ARI, -0255ARma, + 0395AAyt 
(0.020)(0.104) (0 063) (0 049) (0 070) 

-0 330A 
- 

-1 097A4Pt-I + 0-435Rnsa, + 0859Vt 
(0 046) (0 132) (0 055) (0-079) 

+11 68ASVt-l - 0-249(m -p -2Y)t-2 -0.334A4(m -P)t-1 

(1-49) (0-015) (0-097) 

-0156A2(m -p)t4+0-013Dt 
(0 039) (0 003) (18) 

R= 0894, r =0-385%, F(13, 99) = 64-50, DW= 1-89, SC = -10-67 

Mean=0-3%, SD= 1I11%, T= 1960(3)-1988(3) 

,ql(59 94) = 0 40 712(11l, 88) = 0.33 q72(16, 83) = 1 20 

773(26, 72) = 0-47 7N4(25, 74) = 0-74, 65(2) = 0-45 

776(4, 91) = 0-44 777(1,98) = 0- 13 7s(Yt)(1 98) = 0- 17 

718(Pt)(Il 98) = 0-48 778(Rmag)(1 98) = 0-03. 

The interpretation of (18) is easiest by first examining the properties of the equilibrium 
solution and then analysing the dynamic adjustment. The derived equilibrium solution 
of (18) is close to that in (16) and (17):9 

(m-p) = 1A41+0 5y+3-45V-5.65S-390Rl-1 143fia + 174Rnsa (19) 

9. To estimate the standard errors of the derived coefficients in (19) and the response mean and median 
lags, the dynamics on m-p and y were derestricted, maintaining other restrictions, inducing the solution: 

m-p= 1-40 + 0 53y+3-33V-5*85S-3 95R1-1 6211a +1 62Rnsa - 137ARma 
(0-014) (0-031) (0-31) (0.28) (0-14) (0 27) (0 33) (0-29) 

+51 99ASV+0-031D. 
(7-9) (0-016) 

Such calculations probably overestimate the uncertainty in (19). 
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where fia is expressed as an annual rate for comparability with the annual interest rates. 
Assuming that all of the variables are indeed I(1), then (18) both estimates the extended 
cointegration vector, and explains its existence as the outcome of error-correction 
behaviour by agents seeking to control their transactions balances in relation to income, 
inflation and a vector of competing and complementary interest rates, allowing for risk. 

From (19) we can derive the following long-run response elasticities of the demand 
for money relative to the competing yield interest rate; the own yield interest rate; inflation; 
bond interest rate volatility; (long-short) yield spread; and income respectively: 

(MIP),R, =--3*9R1 W(M/P),Rsa = 1 7Rnsa a(M/P)Pa = - 4Pa 

(M/P),V= 3-4V (M/P),S =-5 7S (M/P),y = 0 5 (20) 

The T-bill rate elasticity ranges from -39% when the yield is 10%, to -20% when the 
yield is 5%; the own yield elasticity is approximately 12% when the maximal own-yield 
on MI instruments is 7% (this seems small in view of the associated liquidity characteris- 
tics; the arbitrarily posited timing of the learning adjustment may be unreliable); the 
inflation elasticity is roughly -14% at 10% inflation;10 the volatility elasticity is approxi- 
mately 17% at V's peak value of 0*051, or 9% at its mean of 0.026; the spread elasticity 
is near zero at S's minimal value of -0 005 and almost -24% at S's maximum value of 
0 04 (which is large but has an interpretable sign, while entailing a positive coefficient 
on RI in terms of the level of the interest rate: compare (17)); finally the long-run income 
elasticity of demand is 0 5, consistent with the simplest version of the Baumol (1952)-Tobin 
(1956) theory; although the coefficient of one half is imposed in the error correction, it 
is data-coherent, being 0-51 if derestricted in (18) (whereas unity is data-rejected). Thus, 
the equation supports the earlier argument that the additional and reformulated variables 
are potentially important. 

Turning next to the interpretation of the dynamic equation (18), it must be stressed 
that it is a conditional model, both formulated and estimated as a contingent function 
of the information available to wealth holders in adjusting their portfolios and transactions 
demands. It can be interpreted either in terms of real or of nominal money demand, but 
because of the error-correction formulation, long-run demand fully adjusts to price level 
changes, as exhibited in (19). The results are consistent with the class of target-bounds 
models described by e.g. Miller and Orr (1966), Akerlof (1979), Milbourne (1983), and 
Smith (1986), with short-run nominal adjustment being within bounds set by long-run 
real magnitudes. 

The dynamic adjustment is complicated, with responses to an annual average of the 
lagged dependent variable (A\4(m -P),_t -i14= A(m -p),_), its second difference at 
(t -4) (which may compensate for separate seasonal adjustment of the other regressors), 
and the primary level feedback at t -2. Nevertheless, both the mean and median lag 
responses to income are rapid, being respectively about 3 and just over 1 quarter.'1 These 

10. The coefficient of annual inflation in (19) is in the mid-range of Cagan's (1956) values when expressed 
in equivalent time-units. Cagan's treatment of seven hyper-inflations includes both an exponential response to 
(expected) inflation rates and an exponentially distributed lag for converting actual to expected inflation rates. 
As a monthly rate, Cagan's exponential response coefficient is estimated from 2-3 to 8-7, depending on the 
country, with 90% confidence intervals ranging from 1-7-3-9 to 6-4-42-2. Converting the present coefficient 
(1-43 at annual rate) to monthly gives 17-2. Hence the present estimate, at inflation rates lower by several 
orders of magnitude, lies in the same range. Here, the expectations mechanism uses the data-based predictor 
Ap, + A2p,, but the major role of inflation in the equation is played by A4P,-1. 

11. Calculated as described in footnote 9. The lag weight distributions entailed by the dynamics of (m - p) 
are oscillatory, and induce small negative weights at long lags in some of the reaction functions: this caveat 
affects the interpretation of summary statistics of lag distributions. 
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are far shorter than recorded in models such as (1), where a long mean-lag is often an 
artifact of the restricted dynamic specification due to assuming a common exponential 
decay rate. 

The competing interest rate effects comprise a reaction of about -1 to a short moving 
average of the T-bill rate, of -1-15 to the moving average long-short spread and of -4 

to the change in the maximal learning-adjusted interest rate on non-transactions M2. 
Consequently, the model ascribes no role to financial innovation within M2 in determining 
the long-run level of demand for MI, merely a transient response to changes in Rma. The 
importance of this finding is that we have modelled the relevant innovation, and still not 
found an effect, yet our equation experiences no problems with the three salient episodes 
noted above. Conversely, financial innovation within MI is found to be important, 
especially in accounting for the Ml explosion period, as in the U.K. (see Hendry and 
Ericsson (1991)). 

The inflation effects are large in the short run, but the mean lags are longer, at four 
to six quarters, which seems sensible for a transactions medium which doubles as an 
asset. Finally, the volatility effects are large in the short run, with both V, and ASV,- 
influencing demand. We return shortly to an interpretation of their role. 

Thus, all of the impact coefficients have interpretable signs with appropriate negative 
coefficients for responses to opportunity cost variables and feedbacks, and positive 
reactions to income, risk, and own interest rates. The parameterization corresponds to 
relatively orthogonal variables since only 11 of the 78 correlations between regressors 
exceed 05 in absolute value, and none exceeds 0 9. Conversely, eleven "t-values" 
exceed 5, and the smallest is 3 5. Moreover, of the 13 correlations between A(m -p), 
and its explanatory variables, all but one of the partial correlations exceeds the 
corresponding simple correlation, and two have the opposite sign, consistent with a 
structural interpretation of (18). 

The value of C of 0-38% entails a tight fit, as can be seen in Figure 5 (however, the 
unconditional standard deviation of Am, is just under 1%). Equally, an overall F-test 
on the validity of (18) against the GUM yields a value of less than unity. Finally, it is 
unsurprising that the design has achieved "insignificant" values for most of the diagnostic 
checks (e.g. the serial correlation statistics for up to fourth order), although it must be 
remembered that the t-value cutoff was high, thus "dumping" other lagged variables into 
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Fitted and actual values from (18) for A(m -p) 
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the residual even if their coefficients were as large as twice their standard errors. In fact, 
there is some evidence of eighth-order autocorrelation, although that again might be an 
artifact of separate prior seasonal adjustment. 

The most important features of (18) remaining to be tested are its constancy over 
time, and if that is not rejected, its ability to account for the predictive failures and 
successes of earlier models. These are the subject of Section VII. First we focus on a 
slightly more parsimonious representation intended to highlight the role of the risk 
measures. An auxiliary regression of AS, on V, and ASV,-, is used to orthogonalize their 
effects: 

AS, = 0-57 V, + 6-4ASV,_I 
(0-04) (4-0) (21) 

R2=0.68, 5= 1-17%, F(2, 111) = 120-2, DW = 0- 16. 

Interpreting the residuals from (21) as a "risk-adjusted spread" AS* yields: 

AS* = AS, - 0-57 Vt - 6-4ASVt1.- 

On replacing ASt by AS* in (18), an F-test for eliminating the two variables (V,, ASVt,1) 
was not significant at the 5% level (F9 =2-7) and the Schwarz criterion fell to -10.70. 
Imposing these restrictions produced the simplified model: 

A(m -p)t = 0-358 -0-348A4(m -p)t-l -0-254(m -p -2Y)t-2I- 1428AS* +0-370AAyt 
(0-020)(0-098) (0-015) (0-104) (0-070) 

-0-985AR1, 0260\RmaR - 
1066A4Pt-I 

-0-341 AA +0-465Rnsa 
(0-063) (0-049) (0-129) (0-046) (0-051) 

-0 1482(m -p),t4+0-013Dt (22) 
(0-040) (0-003) 

R2 =0-889, 5r= 0391%, F(11, 101) = 73-3, DW= 1-79, SC = -10-70. 

This model is consistent with the role of Vt and ASVt,1 being purely to risk adjust ASt, 
and we interpret AS* as the "certainty equivalent" opportunity cost discussed above. 
Figure 6 shows the graph of AS* together with ASt for comparison: while similar, the 
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FIGURE 6 
Time series of averages of spread and risk-adjusted spread: AS, AS* 
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times during which AS* deviates most from AS, are when earlier models experienced 
predictive difficulties.12 

VI. ALTERNATIVE SPECIFICATIONS AND RELATIONS TO 
OTHER STUDIES 

Table II summarizes a sample of other U.S. MI demand studies: Judd and Scadding 
(1982) and Goldfeld and Sichel (1990) provide more comprehensive views. Most studies 
have an earlier starting point than the present analysis, so we cannot claim strict compara- 
bility. Nevertheless, with two exceptions (lines 4D, 5), all have equation standard errors 

TABLE II 

U.S. real Ml demand studies 

Standard 
Investigator/source Dates error Constancy Comments 

1. Goldfeld (1973) 52(2)-72(2) 0 43% rejects 74(1)-76(2) Goldfeld (1976) 
2. Garcia-Pak (1979) 52(2)-76(2) 0-63% 
3. Rose (1985) 52(2)-71(4) 0-48% rejects 81(4) Inflation significant 
4. Gordon (1984) 

model D 56(3)-72(4) 0-38% rejects 74-76 Inflation 
I56(3)-83(1) 0 50% rejects 80-83 
56(3)-72(4) 0-43% accepts Error correction model 

No coefficient 
model F significant 

(1958-1972) 
56(3)-83(1) 0-48% Inflation significant 

5. McAleer- 52(2)-73(4) 0-31% accept over sample Inflation significant 
Pagan-Volker reject out-of 
(1985) sample 

6. Simpson-Porter 55(1)-74(2) 0-46%-0-47% reject 1981(4) Cash management 
(1980) 55(1)-80(2) 0-52%-0-59% (Offenbacher- ratchet significant 

Porter (1982) 
7. Cooley-Leroy 52(2)-78(4) 2-80% unreported Static structure; 

(1981) large error 
8. Baseline (18) 60(3)-88(3) 0-38% accept Error-correction, 

60(3)-72(4) 0-38% inflation, and 
bond volatility 
significant 

12. On the old BHS data, we obtained the following estimates for the revised specification over the sample 
1960(3) to 1984(2) with 6 outside sample forecasts: 

A&(m -p), = -0-712 - 0-376A4(m - p) t-1 - 0-290(m - p -2Y) t-2 - 1-476AS* - 1 045ARI, 
(0 055) (0-134) (0 022) (0-140) (0 089) 

-0-215,&Rmat - 0 860A4pt-I - 0 324A 't + 0-436AAyt + 0-429Rnsat 
(0 049) (0-165) (0 054) (0 077) (0-110) 

-0 I l9A2(m -P)t-4+0-013Dt 
(0 044) (0 003) 

R= 0-856, a = 0-380%, F(11, 80) = 45 49, DW = 1-63, SC = -10-71, Mean = 0-17% 

S.D. = 0-96%, 7m1(6, 78) = 1-47, %2(6, 84) = 2-57, pq3(22, 61)-54 

e5(2) = 0-60, pq6(4, 76) = 0 90, p7(1, 83) = 0-06. 

This is close to (22) and fits almost as well as the model reported in (1986) which had = 0-378%. Thus, the 
data revisions and our re-specification of volatility have mainly altered the dynamic specification. 
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larger by a tenth to a half. Of the exceptions, Gordon (1984) in 1956-1972, specification 
D repeatedly rejects parameter constancy, and McAleer, Pagan and Volker (1985) is not 
estimated beyond 1973. Those estimated through the 1970's to early 1980's reject constancy 
somewhere in that period with the exception of Gordon's (1984) model F, for which no 
coefficient estimate is significant 1956-1972. The Simpson and Porter (1980) study 
attempts to quantify the impetus to financial innovation by introducing a uni-directional 
("ratchet") variable driven by new peaks in interest rates. The model thus derived tracks 
the missing money period, but founders in the early 1980's as the ratchet variable continues 
to increase (with new peaks in interest rates), hence predicting a corresponding downward 
adjustment in real money demand which was not realized (see Offenbacher and Porter 
(1982)). Rose (1985) uses an error-correction model and finds inflation significant, but 
eventually rejects constancy. Cooley and Leroy (1981) use a static model resulting in an 
equation standard error several times as large as in other models. 

The most common alternatives to the error-correction treatment of dynamics are 
partial adjustment models in which the dynamic structure is summarized by a lagged 
dependent variable, perhaps allowing for residual autocorrelation. The analytical proper- 
ties of such equations are discussed in Hendry et al. (1984), but to characterize this 
alternative empirically, we investigate a partial adjustment model. It results in dramatically 
less precise estimates: standard errors go up by about half to 0-576%. There is also a 
degeneration in parameter constancy tests, suggesting that estimates in some (more 
volatile) time periods are more dependent than others on a flexible dynamic specification. 

The partial adjustment model corresponding to (18) is presented in Table III; its 
comparison with the error-correction model points up the strengths of the latter. On 
goodness-of-fit, the standard error of the partial adjustment model is almost 50% greater 
than (18). Split-sample covariance tests of parameter constancy over 1960(3)-1974(2) 
versus 1974(3)-1988(3) and of 1960(3)-1979(3) versus 1979(4)-1984(2) yield F993= 6.01 
and F96 = 4-42, so both reject constancy at the 1% level, indicating a structural breakdown 

TABLE III 

Alternative models 

Partial adjustment model Goldfeld (1976) model 

1960(3)-1988(3) 1960(3)-1988(3) 

Coeff. St. Error Coeff. St. Error 

CONSTANT 0277 0-032 CONSTANT 0035 0-077 
(m -P)t-1 0-808 0 021 Yt 0-041 0-019 
APt -0 901 0-141 In Rpt 0-005 0-023 
Yt 0 090 0-009 In R, -0-012 0-005 
St -1-158 0-220 (mtil-pt) 0-950 0-024 
Vt 00549 0 104 D, 0-016 0 004 
SVt 7 361 5-002 a-, 0-485 0 094 
RI, -0 713 0-124 
Rmat -0 057 0 073 
Rnsat 0 354 0 087 
Dt 0-016 0-004 

T 113 T 112 
K 11 K 7 
a 0-576% a 0-662% 
R2 0-996 e5(2) 5-19 
7j1 4-74 

e:5(2) 0-31 
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when the dynamic structure is inadequate. The mean lag response to income (or any 
other variable) is estimated at around 4-5 quarters, but there is fourth-order residual 
serial correlation: even correcting the latter leaves C = 0 55%. Nevertheless, the partial 
adjustment model empirically agrees with (18) on the significance of the distinctive 
theoretical approach undertaken. In particular, the yield and risk to long-term bond 
holding (S and V), inflation, and learning-adjusted MI-own yield are found to be 
significant determinants of Ml demand in Table III. 

Since the present study is estimated over a different sample from Goldfeld (1976), 
and on revised data, it is appropriate to re-estimate the demand function of that study 
on the same sample for purposes of comparison. The specification is: 

(m, -p,) = /30+f,831 n GNP,-1l32 ln Rpt - 3 ln R1, +84(mt-1 t) + - 5Dt. (23) 

The model is estimated with a first-order autoregressive error, thus imposing a common 
factor constraint (see Hendry and Mizon (1978)): that constraint is strongly rejected on 
the data sample here. Interestingly, so is parameter constancy within the sample Goldfeld 
(1973) used, confirming Koskela and Viren (1984) who also reject his specification on 
both grounds over earlier sample periods. Results are shown for comparison purposes 
in Table III. On the present vintage of data revisions, the Chow test does not reject the 
Goldfeld model over missing money, but the predictive failure statistic f9(H)/H indicates 
considerable inaccuracy (see Table VI). 

The next group of alternative specifications involves the deletion of variables impor- 
tant to the study, namely V, SV and A\p. Again, there is a significant deterioration in fit 
and, for deletion of V and /\p, in parameter constancy. These comparisons are shown 
in Section VII and confirm the appropriateness of the choice of variables. 

VII. SUB-PERIOD PARAMETER CONSTANCY 

Most models of U.S. Ml demand fail tests of parameter constancy over one or more of 
the following sub-periods: missing money, 1974(1)-1976(2); great velocity decline, 1982(1)- 
1983(2); Ml explosion, 1985(1)-1986(4). It is our view that the rejection of parameter 
constancy reflects model mis-specification rather than shifts in the demand function since 
the baseline model, (18) in Section V, accepts constancy in each of these sub-periods. 
We conclude that accounting for dynamic structure, long-term bond risk and return, 
financial innovation, and inflation are sufficient for a constant parameter MI demand 
function over these difficult sub-periods. 

The sub-sample periods displayed in Tables IV and V correspond to distinctive 
periods in recent monetary history. The end of the first sample in 1972(4) corresponds 
approximately to the end of the period over which Goldfeld's (1973) classic study was 
based. The period ending in 1976(2) concludes the period of structural breakdown of 
most money demand models, namely the period of missing money (Goldfeld (1976): see 
Section VIla). The sample ending in 1979(3) completes the period prior to the introduction 
of the Federal Reserve System's New Operating Procedures. The next sample to 1985(4) 
includes the period of those procedures, one quarter of credit controls, and an unpreceden- 
ted decline in monetary velocity: this also coincides with the longest test sample in BHS 
(see VIIb). The last sample covers the MI explosion, continuing up to 1988(3) (see VIIc). 
The entire sample is characterized by financial institutional innovation, changing the 
composition, liquidity and yield of financial instruments competitive with, or internal to, 
Ml, and the oft-cited breakdown of existing equations. 
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TABLE IV 

Baseline model with A(m - p) as dependent variable 

1960(3) 1960(3) 1973(1) 1960(3) 1960(3) 1960(3) 
1985(4) 1972(4) 1985(4) 1976(2) 1979(3) 1988(3) 

CONSTANT 0-336 0-409 0-345 0-380 0-316 0-352 
(0-030) (0-082) (0-037) (0-057) (0-044) (0-020) 

1A4( m - p) -1 -0351 -0-185 -0*539 -0-212 -0*256 -0334 
(0-135) (0-240) (0-252) (0-181) (0-172) (0-097) 

1A2(M - P) ,4 -0-149 -0-227 -0-126 -0-192 -0-134 -0-156 
(0-043) (0-100) (0-053) (0-074) (0-067) (0-039) 

Aft, -0-341 -0-312 -0-443 -0-343 -0-328 -0-330 
(0-051) (0-084) (0-083) (0-061) (0-058) (0-046) 

A4P,-1 -1*053 -1*667 -1*337 -1*124 -0-849 -1*097 
(0-172) (0-555) (0-440) (0-314) (0-268) (0-132) 

AAy, 0-407 0-469 0-338 0-439 0-442 0-395 
(0-077) (0-132) (0-104) (0-101) (0-090) (0-070) 

(m - P - 2 Y) 1-2 -0-238 -0-296 -0-239 -0-274 -0-223 -0-249 
(0-021) (0-058) (0-026) (0-041) (0-031) (0-015) 

AS, -1-347 -1-437 -1-388 -1-308 -1-333 -1-409 
(0-143) (0-526) (0-188) (0-261) (0-237) (0-104) 

V, 0-823 0-897 0-886 0-754 0-772 0-859 
(0-095) (0-310) (0-150) (0-126) (0-123) (0-079) 

ASV,_1 11-680 14-126 10-851 13-430 12-792 11-683 
(1-613) (7-449) (1-847) (4-593) (4-447) (1-490) 

AR1, -0-931 -0-908 -0-958 -0-922 -0-918 -0-973 
(0-087) (0-310) (0-118) (0-195) (0-182) (0-063) 

ARma, -0-246 -0-220 -0-190 0-128 -0-201 -0-255 
(0-053) (0-649) (0-061) (0-306) (0-189) (0-049) 

Rsna, 0-445 0-430 0-435 
(0-072) (0-088) (0-055) 

Di 0-013 0-013 0-013 
(0-003) (0-003) (0-003) 

T 102 50 52 64 77 113 
K 14 12 14 12 12 14 
0f 0-400% 0-390% 0-418% 0-371% 0-381% 0-385% 
R 2 00864 0-703 0-920 0-824 0-780 0-894 

'q I ql(4, 84) = 0-22 q1(4, 34) = 0-64 q1(4, 34) = 0-60 q1(4, 48) = 0-61 q1(4, 95) =0-88 q1(4, 95) = 0-12 
65(2) 0-70 0-14 0-93 0-17 0-88 0-45 

Parameter constancy tests of the baseline model (18) and the risk-adjusted yield 
spread model (22) are as follows: 

Risk-adjusted 
Baseline model spread model 

(18) (22) 

Missing money 1960(3)-1973(4) vs. F?=067 
Flo=0-76 

Chow test 1960(3)-1976(2) 
New operating procedures 1960(3)-1979(3) vs. Flo = 071 F'? = 1P38 

Chow test 1960(3)-1982(3) 
Great velocity decline 1960(3)-1981(4) vs. F72=0-87 F74= 2-27 

Chow test 1960(3)-1983(2) 
Ml explosion 1960(3)-1984(4) vs. F84= 1P53 F86= 113 

Chow test 1960(3)-1986(4) 
Split-sample 1960(3)-1974(2) vs. F = 1-18 F'?= 1P29 

covariance test 1974(3)-1988(3) 
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TABLE V 

Baseline model with A(m -p) as the dependent variable and in which risk is incorporated in the spread 

1960(3) 1960(3) 1973(1) 1960(3) 1960(3) 1960(3) 
1985(4) 1972(4) 1985(4) 1976(2) 1979(3) 1988(3) 

CONSTANT 0-359 0-416 0^361 0-388 0-323 0Q358 
(0-028) (0-080) (0-035) (0-051) (0-040) (0-021) 

h4(M m-P) t- 1 -0-416 -0-288 -0-672 -0-261 -0.304 -0-348 

(0-133) (0-210) (0-240) (0-172) (0-163) (0-098) 
Z\2( m - p) ,-4 -0-134 -0-193 -0-108 -0-193 -0-134 -0-148 

(0-043) (0-091) (0-052) (0-071) (0-065) (0-040) 

AP^t -0-344 -0-287 -0 469 -0-332 -0-320 -0-341 
(0-052) (0.077) (0-081) (0-057) (0-053) (0-046) 

A4Pt-1 --1 099 -1*460 -1*554 -1*093 -0-822 -1*066 
(0-170) (0-449) (0-421) (0-277) (0-212) (0-129) 

AAy, 0-393 0-476 0-327 0-441 0-450 0 370 
(0-078) (0-126) (0-104) (0-100) (0-089) (0-070) 

(m -p -2Y),-2 -0-254 -0-300 -0 248 -0 279 -0-228 -0-253 
(0-020) (0-057) (0-025) (0-038) (0-029) (0-015) 

AS* -1-437 -1-470 -1-438 -1-363 -1-384 -1-428 
(0-140) (0-514) (0-180) (0-212) (0-202) (0-105) 

AR,, -0-985 -0-975 -0-965 -0-976 -0-965 -0-985 
(0.084) (0-288) (0-106) (0-147) (0-143) (0-063) 

ARma, -0-260 -0-230 -0-194 0 081 -0-224 -0-260 
(0.053) (0-621) (0-061) (0-296) (0-185) (0-049) 

Rsna, 0-491 0 452 0-465 

(0-069) (0-088) (0-051) 
Dt 0-.013 0-013 0-013 

(0-003) (0-003) (0-003) 

T 102 50 52 64 77 113 
K 12 10 12 10 10 12 

0 407% 0 385% 0 421% 0 368% 0 377% 0 391% 
R2 00857 0 696 0 915 0 820 0 777 0 889 

77i 035 0 79 0-38 0-84 107 0-35 

f5(2) 0-52 0-28 0-99 0-20 0-80 0 37 

None of the tests on (18) rejects constancy at the 5% level.13 The sub-period variation 
of a' between 0'37% and 0A42% is small and any large unaccounted-for source of deviation 
in a single observation can be enough to cause rejection in the parameter constancy test 
(e.g. if the credit control dummy is deleted, constancy is rejected at the 1% level over 
1980(l)-1981(4)). Since the relationship is known to have "broken down" in other 
formulations, the constancy tests are demanding. Figure 7 shows the 1-step ahead 
conditional predictions from (18), and the associated 95% confidence intervals, together 
with the realized values over the 20 periods 1983(4)-1988(3) in terms of (m -p),. The 

13. The tests of parameter constancy used are the covariance test (often called "Chow"): 

* -K1+K2K3 RSST-(RSSTI+ T-K-K2 for T >KT, T K 72 = 
FT-KI-K2 

- 
RSST, + RSST2 K1+K2-K3 

and the Chow test: 

12 = FT-TI-(K-K) = 
RSS 
R 1 

) T,-IKC 
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FIGURE 7 

One-step ahead forecasts and outcomes for (m -p) based on (18), with +2 forecast standard errors around the 
forecast [o-(f)] 
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FIGURE 8 

One-step residuals from (22) with +2 equation standard errors (cf) over 1965(4)-1988(3) 

constancy can be seen graphically from the recursive residuals in Figure 8, shown together 
with 0 ? 26- for every increasing sub-sample.14 

Turn now to the model with the risk-adjusted yield spread (22). The theoretical 
model of Section II suggests that the risk and return of long term bonds should enter the 
demand for Ml. They do so in both (18) and (22), in (22) entering in the simplified form 
of a risk discount on the yield spread of bonds over bills. The simplified form in (22) 
emphasizes the idea that the only way bond price volatility enters money holding is 
through wealth holder portfolio behaviour. In contrast, in the more complex model (18), 
a skeptical view of the bond risk variables might be to construe them as acting as dummies 
for periods of known difficulty in other models. Hence one test of the soundness of the 
approach here is consistency of (18) and (22). The coefficients on the yield spread 
variables (AS, in (18), AS* in (22)) are virtually identical. The only significant discrepancy 

14. Equation (22) was used to compute recursive estimates, with the coefficient of AAy, restricted to 2 

and with the coefficient of the dummy imposed at its full sample estimate: an F-test of the first restriction yields 
F(1, 101) = 3-2 (not significant at the 5% level). Two early values of Rnsa were set to +0 00001 to initialize the 
recursions. See Brown, Durbin and Evans (1975), Dufour (1982) and Hendry (1989) on these recursive 
procedures. 
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occurs in the great velocity decline where the Chow test on (22) is (barely) significant at 
the 5% level. Even for a constant parameter model, one out of a dozen F tests might be 
significant at the 5% level. Indeed, the constancy of (22) holds for all break-point Chow 
(1960) tests; and over the problem periods, the coefficients of (18) and (22) are closely 
similar as Tables IV and V show. 

For this money demand function, the missing money was never gone. Constancy 
similarly holds over the great velocity decline (with mild difficulty for (22)), which has 
troubled other equations, and over the Ml explosion, where real Ml increased by more 
than 50cr. Nor is tracking Ml after the introduction of the New Operating Procedures a 
major difficulty, so the model does not seem susceptible to policy regime shifts either. 
Thus, we can now consider the possible causes of the failures of earlier models. 

A. The case of the missing money: an arrest is made 

The period 1974(1)-1976(2) is characterized by structural breakdown in models of Ml 
demand. Typically, models over-predicted demand by 7% to 12% with the most widely 
known model over-predicting by 8-7% (Goldfeld (1976)). Attempts to analyse and explain 
the apparent fall in Ml demand focused on institutional change, financial innovation, 
and overnight conversion of demand deposits to interest-bearing form (Judd and Scadding 
(1982), Garcia and Pak (1979)). Goldfeld and Sichel (1990) conclude that the problem 
remains unresolved. The constancy over that sample of the present model provides a 
solution. We have already shown that M2 financial innovation is not the explanation. 

Omission of the risk and return to long-term assets, measured as bond holding-period 
volatility and long-term bond yields, is a mis-specification that accounts for the breakdown 
of the Goldfeld standard specification in the missing-money period. We demonstrate this 
contention as follows: both baseline models (18) and (22) are constant; but if the model 
is estimated excluding bond volatility variables, then constancy is rejected. These results 
are reported in Table VI. This is a smoking gun: one of the usual suspects, interest rates, 
in particular long-term rates with an allowance for risk, took the missing money. Figures 
9 and 10 show one-step conditional predictions and 95% confidence intervals from (22) 
and the Goldfeld specification respectively, over the period 1974(l)-1976(2). 

B. The great velocity decline 

Over 1982 and the first half of 1983, many models of Ml demand recorded systematic 
under-prediction errors: the great velocity decline. The ratio of GNP at an annual rate 
to the money stock fell at an historically unprecedented rate. The decline of velocity in 
the 1980s was more dramatic than the apparent instability of the mid-1970s. Since this 
fall was unpredicted by most models, the prevailing (though not unanimous) view was 
that there had been a shift in the money demand function. Models reported in Federal 
Reserve Bank of San Francisco (1983) have six-quarter (1982(1)-1983(2)) fitted errors of 
-2-8% to -8-3%. Other models in use, however, over-predict (see Judd and Motley 
(1984)). 

Omission of bond volatility and the long-term bond yield from money demand 
functions is a mis-specification that accounts for structural breakdown in 1982(1)-1983(2). 
The baseline model (18) is constant over that period, yet constancy is rejected if inflation 
and volatility variables are omitted from it.15 These results are reported in Table VII. 

15. The yields on NOW and SuperNOW accounts also enter the model but are not essential in this interval. 
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TABLE VI 

Missing money models 

1960(3)-1973(4) 1960(3)-1976(2) Forecast tests 

Baseline (18) T 54 T 64 v?2(10,42)=0-67 
K 12 K 12 xio/l0= 1-89 
a 0 384% 5 0 371% 

Baseline with T 54 T 64 p2(10, 44) = 2-78 
volatility deleted K 10 K 10 x2o/10= 1522 

O' 0-424% a 0 489% 

Baseline with T 54 T 64 712(10,44) = 151 
inflation deleted K 10 K 10 x2o/10=5-75 

0-461% a 0483% 

Baseline without T 54 T 64 ?12(10,42)=0-68 
any learning K 12 K 12 x2o/10=2-67 
adjustment ar 0-383% a 0-371% 

Baseline which T 54 T 64 712(10,42) = 0-76 
uses Rp K 12 K 12 xio/ 1 1-96 
rather than Rma 5f 0-380% 5f 0-371% 

Partial Adjustment T 54 T 64 72(10,45) = 0-68 
Model K 9 K 9 xio/10= 1 91 

Sf 0 463% Sf 0*449% 

Goldfeld Model T 53 T 63 72(10,47) = 1-68 
K 6 K 6 X10/10=7-57 
Of 0 434% Sf 0 449% 

Risk-adjusted T 54 T 64 712(10,44) = 0-76 
spread model K 10 K 10 x2o/10= 1-33 
(22) o 0 377% 5 0 368% 
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FIGURE 9 

One-step ahead forecasts and outcomes for (m -p) based on (18) with ?2 forecast standard errors [o(f)] 
around the forecast 
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FIGURE 10 

One-step ahead forecasts and outcomes for (m -p) based on the Goldfeld model with ?2 forecast 
standard errors. 

TABLE VII 

Great velocity decline models 

1960(3)-1981(4) 1960(3)-1983(2) Forecast tests 

Baseline (18) T 86 T 92 iq2(6, 72) =0-87 
K 14 K 14 X2/6=13-96 
ar 0-376% a 0-374% 

Baseline with T 86 T 92 pq2(6, 74)=5 09 
volatility deleted K 12 K 12 X6/6 = 20-27 

0 486% 0-556% 

Baseline with T 86 T 92 tq2(6, 74) = 3 61 
inflation deleted K 12 K 12 X2/6 = 8825-88 

a' 0-514% a 0-562% 

Baseline with T 86 T 92 172(6, 73) = 2-61 
interest on K 13 K 13 X2/6 = 6-33 
checkables deleted a 0-374% a 0-396% 

Baseline without T 86 T 92 172(6,72) = 1-32 
any learning K 14 K 14 X6/6= 15*46 
adjustment oa 0-381% a 0-385% 

Baseline which T 86 T 92 172(6,72) = 1-76 
uses Rp rather K 14 K 14 X2/6= 1608-43 
than Rma o 0-402% 5 0-414% 

Partial T 86 T 92 172(6, 75) = 2-76 
Adjustment K 11 K 11 X6/6=997-10 

ar 0-494% a 0-525% 

Goldfeld Model T 85 T 91 172(6,78) = 6*46 
K 7 K 7 X6/6=7*18 

0-497% 5 0577% 

Risk-adjusted T 86 T 92 172(6,74) = 2-27 
spread model K 12 K 12 X2/6=371-83 
(22) o 0 375% a 0-392% 
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The period 1979-1983, spanning the reversal in the trend growth in velocity, was of 
signal importance and difficulty for monetary policy, which, in this apparently unstable 
period, was predicated on predictability of money demand. In October 1979, the Federal 
Reserve System, as an anti-inflation measure, adopted the New Operating Procedures 
which emphasized contemporaneous control of the monetary base in order to foster 
steady and reduced growth of the base so as to target corresponding growth in the 
monetary aggregates, particularly Ml. The policy explicitly disavowed any role for interest 
rate stabilization, and interest rate volatility (measured by Vq) tripled over the course of 
a year. 

Goldfeld and Sichel (1990) comment: 

"It is perhaps ironic that ... [money demand instability] roughly coincided with the 
adoption by a number of central banks of policies aimed at targeting monetary 
aggregates. Some have argued that this association is more than mere coincidence." 

The full application of the New Operating Procedures was interrupted in 1980(2) by one 
quarter of credit control, generating a short recession. 1981-1982 then had the severest 
recession in the United States since the 1930's. In August 1982, noting that the relationship 
of money to output had become unreliable, the Fed announced that it would no longer 
target Ml, and a regime of interest rate targeting followed. 

The confusion over monetary policy in 1982 (and the decline in velocity) represented 
the unforeseen consequence of the policy change undertaken in 1979. However, the 
effects were in fact predictable as the results in Table VII show. The demand function 
estimated through 1979(3) (prior to the start of the New Operating Procedures) tracks 
consistently through 1982(3). The value of the coefficient estimates of variables represent- 
ing the risk to holding long-term bonds do not change significantly and remain statistically 
significant throughout the period, even for samples finishing as early as 1972. (18) is 
stable over the great velocity decline and (22) is essentially so: Chow tests for (22) of 
the five and seven quarter periods 1982(1)-1983(1) and 1982(1)-1983(3) are not significant 
at the 5% level. 

We conclude that the apparent shifts in money demand in 1982 represented the 
foreseeable consequence on money demand of interest rate volatility: that volatility was 
itself the result of central bank policy and the confusion in monetary policy was fully 
avoidable. 

C. The Ml explosion of 1985-1986 

Goldfeld and Sichel (1990) note that money demand models typically do not display 
parameter constancy after 1979(3). Even when artificially adjusted to display constancy 
through 1984(4) (using dummies), constancy fails again in 1985 and 1986: 

"this is perhaps hardly surprising when one notes that in 1985 and 1986, Ml grew 
at 12 1% and 15-3%, respectively, rates far exceeding typical ones, either absolutely 
or relative to the rate of change in real GNP." 

The essential reasons for the increased demand are clear in the present model: declining 
bond and bill interest rates, steady low inflation, and adjustment by wealth holders to 
the availability of NOW and SuperNOW accounts. 

Results of the baseline model and alternatives are presented in Table VIII. The 
baseline model experiences a mild deterioration in fit, but easily accepts constancy over 
the period. Alternative specifications omitting NOW and SuperNOW accounts, or omit- 
ting the gradual learning process for wealth holders to adapt to them, strongly reject 
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TABLE VIII 

Ml explosion models 

1960(3)-1984(4) 1960(3)-1986(4) Forecast tests 

Baseline (18) T 98 T 106 iq2(8,84)= 1-53 
K 14 K 14 X8/8 = 3-78 
C' 0-386% C 0-394% 

Baseline with T 98 T 106 iq2(8, 86) = 2-20 
volatility deleted K 12 K 12 X8/8=8 52 

C' 0-578% C 0-607% 

Baseline with T 98 T 106 iq2(8, 86) = 0-62 
inflation deleted K 12 K 12 X8/8 = 0-69 

C' 0 608% C 0-598% 

Baseline with T 98 T 106 iq2(8, 85) = 7 00 
interest on K 13 K 13 X8/8 = 13-51 
checkables deleted C 0 400% C 0-492% 

Baseline without T 98 T 106 iq2(8. 84) = 6-75 
any learning K 14 K 14 X8/8 = 13-56 
adjustment C 0-388% C 0-475% 

Baseline which T 98 T 106 iq2(8, 84) = 1-90 
uses Rp rather K 14 K 14 X8/8=5 60 
than Rma C 0-423% C 0-439% 

Partial Adjustment T 98 T 106 iq2(8, 87) = 2 21 
Model K 11 K 11 x2/8 = 4-55 

C' 0-534% C 0-560% 

Goldfeld Model T 97 T 105 iq2(8,90) = 1-82 
K 7 K 7 X2/8=2 63 
C' 0-588% C 0 607% 

Risk-adjusted T 98 T 106 iq2(8,86)= 113 
spread model K 12 K 12 X8/8= 1 71 
(22) C 0-400% C 0-402% 

constancy. Alternative specifications omitting dynamic structure, inflation, or risk and 
return to long-term assets accept parameter constancy but with an increase in standard 
error of about 50%. Hence, the present model deals successfully with the difficulty posed 
by Goldfeld and Sichel (1990) during the Ml explosion. 

D. Post sample 

Inasmuch as the baseline model was constructed and estimated over 1960(3)-1985(4) in 
BHS, it represents a rationalization, rather than a forecast of that period. One test of the 
model then is post-sample performance on the period 1986(1)-1988(3). 

Results are reported in Table IX. Surprisingly, it turns out that this was not a difficult 
period to predict and parameter constancy is easily accepted for (18) or (22). Alternative 
specifications also accept constancy but with perceptibly greater difficulty and inferior 
fit. The Goldfeld (1976) model is rejected, however. We conclude that the baseline model 
(18) remains constant post-sample. 

E. An I(O) reformulation 

The final transformation of the model is to reduce all variables to I(0) so that standard 
inference procedures apply to tests (see Hendry and Mizon, 1990). Define the error 
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TABLE IX 

Post sample forecasting 

1960(3)-1985(4) 1960(3)-1988(3) Forecast tests 

Baseline (18) T 102 T 113 %02(11,88)=0-33 
K 14 K 14 X2I/ 11 = 0-44 
O' 0 400% 5 0-385% 

Baseline with T 102 T 113 %02(11, 90) = 1-63 
volatility deleted K 12 K 12 X1/11 =2-55 

O' 0-591% 5 0-611% 

Baseline with T 102 T 113 iq2(11, 90) = 1-35 
inflation deleted K 12 K 12 X2I/1 I=2-86 

O' 0 610% 5 0-621% 

Baseline with T 102 T 113 2(11, 89) = 1-52 
interest on K 13 K 13 X2I/11 =260 
checkables deleted C 0-476% 5 0-490% 

Baseline without T 102 T 113 %02(11, 88) = 1-26 
any learning K 14 K 14 XI/1=2-59 
adjustment 0 0-461% 5r 0-467% 

Baseline which T 102 T 113 %02(11,88)=0-50 
uses Rp rather K 14 K 14 X11/11 =0-88 
than Rma C 0-444% 5 0-432% 

Partial Adjustment T 102 T 113 %02(11,91)=2-24 
Model K 11 K 11 XI,/11=4-11 

O' 0-541% 5 0-576% 

Goldfeld Model T 101 T 112 il2(11,94)= 3-38 
K 7 K 7 X1/11 =637 
O' 0 592% 5 0-662% 

Risk-adjusted T 102 T 113 %02(1, 91) = 0-32 
spread model K 12 K 12 X2I/1 I=0-38 
(22) C 0 407% 5 0-391% 

correction mechanism (ECM) by the solution of (22) for the I(1) variables: 

ECMt= m 2 Pt Y, +562AS*+3 88AR1 +1 05(pt-Pt-4)+1 34Ap - 183Rnsag 
-1-41. (24) 

This represents the I(0) deviations from the long-run money-demand equation, and is 
close to the residuals from (19). Figure 11 records its behaviour over 1961(1)-1988(3): 
the ECM shows the largest deviations during "missing money" and "Mi-explosion" 
episodes. Since the ECM is at lag 2, levels variables in (22) are thereby introduced at a 
2-period lag, so that the current-dated levels are transformed to two-period differences, 
and hence to I(0). Re-estimating yields: 

A(m -p), = -0.292A4(m -p)t-l - 0 238ECM,t2 - 1.309A +AS* + 0.428AAyt 
(0.092) (0.024) (0.091) (0*043) 

-1 034A5+ARI, -0-222ARma, -0-842AIA4P,t- -0 304Aj +AA, + 0409A 
Rnsa, (0058) (0.047) (0.296) (0.036) (0-142) 

- 0 158A2(m -p),t4+O0012D, (25) 
(0.042) (0.003) 

R2=0*906, 5r=0*374%, F(11, 100)=87*7, DW= 1*86, SC=-10*82. 
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FIGURE 11 

Time series of the error correction variable in (24) 

In (25), Ajx, denotes the 2-period difference (xI - x2), not divided by 2. Equation 
(25) is just a reparameterization of (22) to sustain the use of conventional critical values, 
but it also highlights that real MI is explained by a combination of short-term dynamic 
adjustments and the linear function of long-run influences from (24). 

VIII. CONCLUSION 

Surveying the wreckage after more than a decade of money demand function breakdowns, 
Goldfeld and Sichel (1990) reluctantly conclude that a constant parameter money demand 
function may not exist: 

"The repeated breakdown of existing empirical models in the face of newly emerging 
data has fostered a vast industry devoted to examining and improving the demand 
for money function." 
"While hardly definitive, these results are certainly suggestive of recurring bouts of 
instability in money demand." 

It is surprising then that the specification presented here is uniformly successful over 
periods of known difficulty. We conclude that, contrary to the prevailing view, there is 
good evidence for the existence of a stable, cointegrating money demand function, based 
on theory, with an error-correction specification. 

The present model makes no claim to represent a uniquely correct demand function 
for Ml. It does however, indicate several elements that a money demand function 
displaying parameter constancy over 1960-1988 may be expected to possess. Four distinc- 
tive elements of the present model of money demand appear to be essential in order to 
track consistently and to accept parameter constancy over the period 1960(3)-1988(3): 

(i) Dynamic structure more complex than partial adjustment is required to represent 
differing adjustment speeds and reactions depending on the source of change. The 
error-correction model with appropriately lagged independent variables works effectively. 

(ii) Representation of the changing complex of yields on monetary instruments is 
useful. The prevailing yield on interest-bearing instruments in non-transactions M2 is 
needed in a form that reflects changing availability of instruments and the time required 
for new instruments to come fully into use by wealth holders. Although our model of 
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adaptation is arbitrary, conditional on maintaining the form and dynamics of (18), Hendry 
and Ericsson (1991) note estimates of the parameters of the logistic function in (13) 
(which we set at 7-0 and 08) which were 5-5 and 065 respectively; the weights are little 
altered and the other regression coefficients remain essentially the same. This approach 
could be generalized to allow learning speed to depend on the interest differential. In 
any event, a model that does not take into account the variation in available yields on 
monetary instruments deriving from financial innovation will reject parameter constancy, 
especially for own rates. 

(iii) The impact of inflation on money demand should be accounted for. This may 
partly reflect the dynamics of adjustment of money demand to changes in the price level. 

(iv) The impact on money demand of risk and return to long-term bond holding 
requires representation. Money is held as a safe asset in portfolios in differing amounts 
corresponding to the return of long-term bond holding and apparent risk from variations 
in asset values. The increase in the risk-adjusted long-term bond yield appears to be the 
principal explanation of the Missing Money decline in money demand. The increase in 
bond risk also appears to be the principal explanation of the Great Velocity Decline. 
These effects can be summarized in a risk-adjusted long yield. The statistical significance 
of the bond risk and return variables appears inescapable. In the baseline model the 
t-statistics on the variables are 13 6, 10 9, and 7 8; in the risk-adjusted yield spread model 
it is 13 6. 

In the absence of such variables, empirical Ml demand models suffer structural 
breakdown, suggesting alternative measures of money (see e.g. Barnett (1980)), or 
requiring ad hoc rationalizations (e.g. dummy variables) for a downward shift in the 
amount demanded in 1974-1976 or for upward shifts in 1982-1983 and in 1985-1986. 
Our specification provides little evidence of a statistically significant shift in the Ml 
demand function during 1960(3)-1988(3). There is strong evidence that a mis-specified 
model of Ml demand will suffer a structural breakdown that may be interpreted as a 
shift when there are substantial changes in the values of variables omitted or in the 
rapidity of variation in independent variables. In addition to income and short-term 
interest rate levels, four additional significant aspects of Ml demand are: dynamic 
structure, maximal own-interest yield on monetary assets, inflation rates, and long-term 
bond risk and return. 

APPENDIX: DATA SOURCES, DATA SERIES AND CREATED VARIABLES 

[A] Citibase data tape, data extracted October, 1989. 
[B] Federal Reserve Board of Governors. 
[C] Salomon Bros. Analytical History of Yields and Yield Spreads. 

MI, seasonally adjusted, monthly from [A].'6 
RI, 1-month Treasury bill rate using the discount rate, d, from [C]: monthly beginning of month.'6 Converted 

to coupon equivalent yield by the formula RI = d/(I - d/1200). 
R, 20-year Treasury-bond yield to maturity, from [C]: monthly beginning of month.'6 
Rp, Passbook interest rate, quarterly from [B]. 
RCd, Commercial Bank small CD rate, quarterly, from [B] starting 1965(4). 
Rmf, Money Market Mutual Fund rate, quarterly from [B] starting 1974(2). 
Rma, Learning-adjusted, maximal M2 interest rate, see text. 
Rn, NOW account rate, taken to be nil prior to national introduction of NOW's, from [B] starting 1981(1). 

Previously, NOW accounts were available only in New England (approximately 6% U.S. population and 
personal income). 

16. Conversion of monthly figures to quarterly was by average of monthly figures Jan.-Feb.-March, etc. 
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R.,,, SuperNOW rate, taken to be nil prior to national introduction of SuperNOW's, then from [B] starting 
1983(1). 

D, Dummy variable for 1980 credit controls: 1980(2): -1 1980(3): +1 
Y, Real GNP quarterly, price basis 1982, from [A]. 
P, GNP implicit price deflator quarterly, basis 1982, from [A]. 
Vm, monthly measure of long-term bond financial risk (volatility), based on H, the 1-month holding period 

yield on 20-year Treasury bonds (at monthly rate) given by: 

H,t [DR,l/12]-[(D, - I)R,+/l 12] 

where 

D,= (1 -g"40)/(1 -g,) and g, = [1+ (R,/1200)]-7. 

Campbell and Shiller (1983) discuss this linear approximation of holding period yield. The text explains 
the construction of V from H,. Difficulties with the approach above are: 

(1) there is an anomaly in the 20-year yield data from Salomon Bros. Analytical History at January/Fe- 
bruary 1973, reflecting a change in the available maturities and coupons of Treasury bonds. For the 
January 1973 holding period yield only, 10 year data were used treating the instrument as a consol. 

(2) Salomon Bros. data are not raw yield data but are fitted values to constant maturity of actual yields 
to maturity. 

(3) the formula for holding period yield used is for bonds trading at par whereas actual bond prices vary 
significantly about par. As a check on our calculation of Vq we used a monthly series of holding 
period yields on long-term Treasury bonds from the CRSP Bond tape in place of our calculated H, 
to derive Vcrp. Inasmuch as they are not generally available, a listing of 20-year bond holding-period 
yield volatility, Vq, the measure Va, used in BHS, and the alternative Vcrsp over the BHS sample are 
available from the authors on request. Results over the BHS sample from substitution of Vcrsp were 
essentially identical. 
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