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ABSTRACT

This paper considers a general stock-adjustment model for 
statistically testing of the alternative specifications of the nominal 
and real partial-adjustment processes and to test for homogeneity of 
money demand with respect to the price level. Relationships among 
earlier studies of these test procedures are described, and a modified 
version of these earlier models is formulated. The modified model is 
extended to consider tests for the effects of expected inflation on 
money demand along with the tests of the stock-adjustment specifications 
and homogeneity in the price level.
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I. Introduction

The conventional specification of money demand, often associated 

with the extensive empirical investigation in Goldfeld (1973) and applied 

in a multitude of subsequent studies, 1 generally is understood to 

incorporate the following assumptions:

1. Desired, or long-run, demand for nominal money balances 
depends on log-linear form on real income (current or 

permanent), one or more interest rates, and the price level.

2. Desired demand for real balances is homogeneous of degree 

zero in the price level.

3. A real partial adjustment hypothesis (RPAH) characterizes 
short-run adjustments of real money balances to discrepancies 
between desired and actual money holdings in real terms.

Recently, Spencer (1985) and Hwang (1985) have devised regression 

models to test the RPAH and the assumption of homogeneity in prices in the 

context of the conventional specification of money demand. Each of these 

authors uses the "orthodox test" of non-nested regression models, an
Oeasily applied approach suggested by Atkinson (1970). The test procedure 

involves construction of a general regression model that subsumes (i.e., 

nests) the models being tested as special cases. The general model is 

estimated and standard t-tests on coefficient estimates and linear 

combinations of coefficient estimates are used to test for the models
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constituting special cases. Alternatively, the general model is estimated 

in both unrestricted and restricted form and standard F or 

likelihood-ratio tests are applied. Spencer used the t-test approach, and 

Hwang applied likelihood-ratio tests.

The general models specified in both Spencer and Hwang are 

designed also to test the nominal partial adjustment hypothesis (NPAH) 

which postulates that short-run adjustments of nominal money balances are 

proportional to discrepancies between desired and actual nominal money 

holdings. The NPAH has been utilized in a number of empirical money 

demand studies as an alternative to the RPAH. 3 The RPAH has been 

criticized on theoretical grounds by Goldfeld (1976), Laidler (1982), and 

others. In particular, the RPAH implies partial short-run adjustment of 

real money balances arising from income and interest rate movements but 

full short-run adjustment of money balances in response to price level 

changes.^ Major objectives in the Spencer and Hwang studies are to test 

the individual assumptions of the competing adjustment hypotheses and the 

hypothesis of homogeneity in prices. Hwang uses his general regression 

model for an additional test of unitary long-run elasticity of money 

demand with respect to income.

One of the purposes of this paper is to show the analytical and 

empirical equivalency of the general regression models of Spencer and 

Hwang. A second and more important purpose is to devise a modified 

version of the Spencer and Hwang models which we believe clarifies the 

testing procedures and is somewhat more straightforward for empirical 

applications. It is shown that specification of the modified model and
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testing procedures requires only relatively minor revisions in the Spencer 

and Hwang models. To illustrate the equivalence in the Spencer and Hwang 

models and the modified testing procedures, quarterly data are used to 

estimate the demand for money in Malaysia.

The general regression model5 in this paper is used also to 

consider testing for expected inflation effects in the desired money 

demand specification, a modification of the conventional model applied in 

several studies (see Goldfeld (1973), Shapiro (1973), Boughton (1981), and 

Brissimis and Levantakis (1985)). Given a simple hypothesis for the 

formulation of inflation expectations, Milbourne (1983) demonstrates some 

interesting results for testing the RPAH and NPAH and the exclusion 

restriction for expected inflation in the money demand model. Suppose 

expected inflation is given by actual inflation, and further suppose that 

actual inflation is approximated by the natural logarithm of the ratio of 

current-to-lagged prices. A major implication of Milbourne's results is 

that empirical studies using this expected inflation formulation and 

purporting to show significant inflation effects in the presence of the 

RPAH may be subject to misinterpretation. Estimation results in these 

studies actually may indicate the presence of the NPAH and the lack of a 

significant inflation effect. It should be pointed out that these 

relationships among the NPAH, RPAH, and the inflation effect were 

discussed and empirically analyzed earlier by Goldfeld (1973) and Boughton 

(1982). We mainly refer to the Milbourne paper which contains the most 

recent and thorough discussion of these results.
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Unfortunately, Milboume’s hypothesis testing is based on the 

maintained hypothesis that real money demand is homogeneous of degree zero 

in prices. Current prices influence the short-run demand for real 

balances in his model only through the modeling of the NPAH or through the 

expected inflation mechanism. Relaxation of the homogeneity restriction 

obviously complicates his model, since another avenue for price effect is 

opened.

The final purpose of this paper is to relax this homogeneity 

assumption in the Milbourne model, which alternatively can be viewed as 

introducing expected inflation as modeled by Milbourne into the models of 

Spencer and Hwang. Viewed either way, the objective is to construct a 

general regression model for testing the RPAH and NPAH, homogeneity in 

prices, and the expected inflation effect. Section II is devoted to 

examining the regression models in Spencer and Hwang and specification of 

the modified model for testing the RPAH and NPAH. In section III the 

analysis is extended to consideration of testing procedures for the 

expected inflation effect, and section IV contains concluding remarks.
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II. The Spencer, Huang and Modified Tests

The specification for desired money holdings is given by 

log m* e log(M*/P) = + gjlog y + g^log R + Sljlog p > <1>
where m* and M* are real and nominal desired holdings of money, 

respectively; y is real income; R is an interest rate (or vector of 

rates) ; 6 and P is the price level. For the conventional specification, 

the homogeneity-in-prices hypothesis (HPH) is assumed to hold, where

HPH: g^ = 0. (2)

The nominal and real adjustment hypotheses are as follows:

NPAH: log M - log M_j = A(log M* - log M_j) + y

= A(log m*P - log M_j) + y, 0 < A < 1 (3)

and

RPAH: log m - log m_j = A(log m* - log m_j) + y, 0 < A < 1  (4)

where M is actual nominal holdings of money, m = (M/P), and 

m_ 1 = (M_ /P_ ) with subscripts indicating lagged values. The errors y in 
either hypothesis are assumed to be normally distributed, for hypothesis 

testing purposes, with zero mean and may be serially correlated.

The estimation form of the NPAH, as well as the RPAH, usually is 

written in real terms. Using (1), (3) and (4),

NPAH: log m = gg + gjlog y + g2 log R + Yjlog(M_j/P) + Y2log p + P
and

RPAH: log m = gy+gjlog y + g2log R + Y ,log(M_,/P_,) + Y2log p +)!> (6) 

where ĝ  = Ag!̂ (i=0,1 ,2), y 2 = ^ 3, and Yj = (1-A).
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The notation for the coefficients is written consistent with Spencer 

<1985). As widely recognized, the single observable difference between 

the specifications in (5) and (6 ) is the manner in which lagged money 

balances enter as explanatory variables. Lagged nominal balances in the 

nominal-adjustment specification are deflated by the current price level, 

whereas the RPAH equation includes the lagged dependent variable— the log 

of lagged nominal balances deflated by lagged prices. Most empirical 

studies using either specification have imposed the exclusion restriction 

of y 2 = *83 = 0 a priori from the homogeneity hypothesis in <2 ).

In order to test the RPAH and NPAH, Spencer (1985) constructs the 

following general model:

log m = Bq + Bjlog y + B2log R + Y,l°g M_j + Y2log P + Y3l°g P_j+e- <7) 

Spencer states his tests as follows: "If the RPAH (i.e., [his] equation

(3)) is true then y2 = 0 and y } = -Y3. If the NPAH (i.e., [his] equation

(6)) is true, then = 0 and Yj = -Y2." <p. 492)

Each of these tests is a joint test of one of the adjustment 

hypotheses together with the homogeneity hypothesis in < 2). In fact, 

Spencer seems to be aware that these are joint tests, but his discussion 

of their empirical application is potentially misleading. Spencer states: 

"In examining the results for the 1952:1-1972:4 period it is clear that we 

must reject the hypothesis that y 2 = 0 and thus the RPAH. We must also 

reject the hypothesis that Yj = -y 3 thus adding further evidence against 

the RPAH."<p. 492) In testing the RPAH separately from the HPH in (2), 

the condition that Yj = -y 3 is necessary for the RPAH to be validated, but 

a zero value for y2 is irrelevant to this test. 7 The obvious reason is
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that a nonzero value for y2 may arise from the empirical invalidity of the 

HPH in (2). The condition y2 = 0 is actually the test restriction for the 

HPH in (2) conditional upon the RPAH being true.

Spencer describes his empirical test of the NPAH as follows: ”... 

we fail to reject each of the hypothesis Y3 = 0 and Yj = -y2, thus giving 
strong evidence of the NPAH over this period." <p. 492) In testing the 

NPAH apart from the HPH in (2), however, Y^ = 0 is necessary for 

validation of the NPAH, and y } = -y 2 is irrelevant. The reason is that

in this situation y can capture either the effect of the
2

current-price-level deflator of lagged nominal balances arising from the 

NPAH in equation (5) or the price effect resulting from real money 

balances not being homogeneous of degree zero in prices. Thus, the 

absolute value of can *3e Sweater (less) than when the NPAH in fact 

holds, if a significant negative (positive) price effect arising from 

nonhomogeneity in prices is present. And y = -y can hold when the true 

model is not characterized by the NPAH, if the value of y 2 is explained 

exclusively by the price effect arising from the lack of validity of the 

HPH in (2). In the Spencer test, Y ̂ = -y2 is properly interpreted as the

condition for the HPH in (2) to be satisfied conditional upon the NPAH
8being true. These testing procedures will become more apparent later in 

this section where a modified version of Spencer's model is discussed.

But first the tests proposed by Hwang are considered.

Hwang constructed the following general model (p. 691) for 

conducting the NPAH and RPAH tests:

log m = B0 + Bjlog y + B2log R + y jlog(M_j/P_j)

+ Y2 1 o 8  p  + Y3 l o g ( P / P _ j )  + e, (8)
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where Hwang's model is restated to agree as closely as possible with 

Spencer's notation. Hwang derives his general model including his linear 

test restrictions from an underlying quadratic cost-minimization procedure 

which incorporates disequilibrium costs and adjustment costs arising from 

either a nominal or real stock-adjustment mechanism. We focus on showing 

that the general models in Hwang and Spencer are equivalent at the 

estimation level.

To show the correspondence between the Spencer and Hwang models, 

it is useful to rewrite (8) in terms of differences of logs rather than 

logs of ratios, as well as in compact notation:

log m = 8q + Bjlog y + 82log R + y'jdog M_j - log P_j)

+ Y2 1 o § p  + Y^dog P -  log P _ j )  + e 

= + 3|log y + 82log R + Yjlog M_j + Y2log p
+ Y3l°g p_j + e ,

where the coefficients in the Spencer and Hwang models are related as 

follows: Y2 = (y 2 + y ^), y 3 = (-Yj-y 3 ), and Yj = Y' .

The linear coefficient restriction used by Hwang in testing the NPAH is
Q

given by Y* Y^ = 0. This restriction is equivalent to the linear 

restriction of Y^ = 0 employed by Spencer in testing the NPAH, as seen 

from the relationship among the coefficients of the two models in (9).

That is, y 3 = 0 is equivalent to Yj + Y^ = 0, using Y3 = -Yj -Y3 .

Hwang's test restriction for the RPAH is given by Y^ = 0, which is 

equivalent to Spencer's restriction of Y^ = -Y . That is, if Y3 = 0,

then ^ = -y ' -Y' reduces to Y = -Y, where Y, = y *.
3 1 3 3 1 1 1

- 8 -
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The empirical equivalence of Spencer’s model in equation (7) and 

Hwang’s model in equation (8) is demonstrated using a well-known basic 

result of linear regression. Suppose a regression model is given by:

Y = 3q + a jXj  + a 2X2 + * ■ • + + e n 0 )

and an alternate specification is given by

Y = a’ + a' (X -X ) + a'X + • • • + a’X + e. (10’)
0 1 1 2  2 2 k k

Then these alternative specifications have exactly the same empirical 

content: a  ̂ = a[ (i=0,1,3,... ,k), and a2 = a£-a'j, where a^ denotes the

ordinary least squares (OLS) estimate of a^; the estimated variance of a2 

is equal to the estimated variance of (a2-i'j) and all other estimated 

variances of corresponding coefficient estimates in the two regressions 

are equal; and the same values of goodness-of-fit criteria (e.g., R and 

mean square error) and other diagnostic statistics (e.g., Durbin-Watson 

and Durbin-h values) are obtained. 1 ̂

To illustrate how this basic result applies to the equivalency of 

equations (7) and (8), estimation results using Malaysian data are shown 

in Table 1 . In equation (1.1) of the table, the results of OLS estimation 

of the Hwang model are shown, where the variables are written in the form 

of the first right-hand statement in (9). The same equation is 

re-estimated in equation (1.2) of Table 1, except the current price terms 

in the variables (log P - log P_j) and log P in (1 .1 ) are collected into 

separate regressors for log P and log P in (1.2). To obtain the Spencer 

specification in (1.3), the lagged price term in (log M_j - log P_j) and 

the separate log P_j regressor in (1 .2) are collected into a single log 

P_ j regressor in (1.3). Comparison of the three sets of results
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demonstrates that the Hwang model in (1.1) can be estimated as (1.2) which 

in turn can be estimated as (1.3), establishing the equivalency under OLS 

estimation of the Hwang specification in (1.1) and the Spencer model in

(1.3).

Because the results in Table 1 are for purely illustrative 

purposes, the signs and t-values of the estimated regression coefficients 

should be ignored. Durbin-h statistics for all equations in the table

indicate significant first-order serial correlation in the presence of a
12lagged dependent variable. The two-step procedure of Hatanaka 

(1974)— his residual-adjusted Aitken estimator— was used to re-estimate 

Malaysian money demand from the Hwang and Spencer specifications, 

corrected for first-order serial correlation. These estimates are shown 

in equations (2.1)-(2.3) of Table 2, where the specifications correspond 

to equations (1.1 )-(1.3) of Table 1. As shown in Table 2, application of 

the Hatanaka procedure yields regression estimates with identical 

empirical content for the Spencer and Hwang models, just as in the case of 

OLS estimation. 13 The Hatanaka procedure is consistent and asymptotically 

efficient, given that it is asymptotically equivalent to maximum 

likelihood estimation. This estimator has been applied in several money 

demand studies including Lieberman (1980), Laumas and Spencer (1980),

Hafer and Hein (1982), Fackler and Wheeler (1982), Boughton (1982), Allen 

and Hafer (1983), and Spencer (1985).

Although we do not disagree with the basic formulation of the 

Spencer and Hwang models, we propose an alternative form (the "modified 

model") which helps to clarify the testing procedures for the RPAH and
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NPAH and which may be preferable for empirical purposes. The modified model 

is especially useful when the analysis is extended to consideration of the 

expected inflation effect on money demand in section III. In modifying the 

Spencer and Hwang models, it is useful to note that the usual empirical 

money demand specifications embodying either the nominal or real adjustment 

models are written with log (M/P) as the dependent variable. As a result, 

the price level P enters in three of the variables of the nominal-adjustment 

specification in (5)— i.e., as the deflator in the dependent variable, in 

the lagged-money variable, and in a separate regressor. 14 In the real 

adjustment specification in (6), P enters as the deflator in the dependent 

variable and in a separate regressor. The key to revising the general 

regression model is to reduce the number of terms involving P by specifying 

both the nominal and real adjustment models in nominal terms.

The specification for desired money holdings is written in nominal

terms as

log M* = + gjlog y + g^log R + B*log P, d' )

where the homogeneity-in-prices hypothesis now is given by:

HPH: 3* = 1. (2' )

The nominal and real adjustment hypotheses are rearranged in the 

following forms:

NPAH: log M = Alog M* + (l-A)log M_ j + y o' )

and

RPAH: log M = Alog M* + (l-A)log P + (l-A)log M_ j

- ( 1- A) log P_j + y. (4')
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The estimation forms of the NPAH and RPAH in nominal terms are 

obtained from (1'), (3') and (4'):

NPAH: log M = 3q + 3jlog y + 32log R + Tjl°g M_j

+ Y2l°g P + P <5' )

and

RPAH: log M = 3q + 3jlog y + 32log R + Yjl°g M_j
+ r2log P + Y3log P_j + y, <6')

where g <i=0,1,2> and Yj are defined as in (5) and (6); y 3 = -Y, as defined 

in (7); and r2 = [y^+<1 -A> D with y 2 = xg*. The homogeneity-in-prices 

conditions for (5') and (6') are as follows:

HPH under NPAH: y* = X (=l-Yj) (2")

and

HPH under RPAH: r2 e  y *  + (1-X) = X+ (1-X) (=1), (2'")

using y* = xg* and the homogeneity condition for desired money holdings in 

( 2 ’ ).

The general regression model for hypothesis testing is given by 

the specification for the RPAH in <6 ')t where the NPAH and HPH are nested 

within it. Panel A of Table 3 displays the linear coefficient 

restrictions that are consistent with the NPAH and RPAH, both with and 

without the homogeneity hypothesis. These conditions are shown to be the 

same as conditions found in Spencer and Hwang, but are a little more 

intuitively understandable in the modified model. In addition to X being 

in the [0,1] interval, the NPAH requires the absence of a significant 

influence of lagged prices, because lagged prices do not appear in the 

nominal adjustment model. The basic condition for the RPAH is that the
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coefficient on log M ^, must equal the negative of the coefficient on 

log P_ j, because the lagged price variable can arise only from the RPAH. 

Only the basic restrictions in Table 3 must be checked for unconditional 

testing of the NPAH and RPAH. Additional conditions shown in Panel A 

Table 3 are the restrictions for the homogeneity hypothesis to be 

satisfied, conditional on satisfaction of the basic restrictions of either 

the NPAH or RPAH. The homogeneity hypothesis also can be tested 

"unconditionally"— that is, conditional on either the NPAH or the RPAH 

being true, but not conditional on only the NPAH or only the RPAH being 

true. That is, the general model is not so general that it can be used to 

test for homogeneity in prices in anv adjustment model (see footnotes 5 

and 7). The test restriction in this case in r2+Yj+Y 3 = 1. which is 

equivalent to the restriction y'2 = 0 in the Hwang model in equations (8) 

and (9) . 15

OLS results for the modified form of the general regression model 

are shown in equation (1.4) in Table 1, and corresponding results from 

application of the Hatanaka estimator are shown in equation (2.A) in 

Table 2. The following discussion refers to the results in Table 2, 

although the same principles obviously apply to the corresponding OLS 

results in Table 1. All coefficient estimates in equation (2.4) and the 

Spencer specification in equation (2.3) agree except for the coefficient

estimate of log P in equation (2.4) which exceeds the corresponding
2estimate in equation (2.3) by unity. In general, the R for the estimated 

model in modified form will differ from the R2 for the equations specified 

with log m as the dependent variable, because of the difference in total 

variability to be explained when the model is specified in terms of 

log M. This difference for the adjusted R 2 does not appear (to three
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decimal places) in the results in Table 2, but is shown for the OLS 

results in Table 1. The set of residuals for equation (2.4), however, is 

identical to the residual sets for the earlier equations in the table.

All statistics based entirely on the residuals, sample size, and variance

of coefficient estimates (e.g., the Durbin-Watson and Durbin-h statistics)
.. 16 are the same.

Using the restrictions in Table 3 and the estimation results for 

the modified model in equation (2.4) of Table 2, the NPAH would not be 

rejected given that the coefficient estimate for log P is not 

significantly different from zero. The RPAH would be rejected given that 

the sum of the estimated coefficients on log and log P is 

significantly different from zero. 17 Having rejected the RPAH but not the 

NPAH, the next step is testing of the homogeneity hypothesis given the 

NPAH. Referring to the first row of Table 3, the test involves the null 

hypothesis of a zero sum for the coefficient on log P and the 

stock-adjustment coefficient which is given by one minus the coefficient 

on log M_j. That is, the test restriction is that the sum of the log P 

and log M_j coefficients equals unity. Using equation (2.4) for a weak 

version of this test, this test restriction is not rejected (t-ratio =

.526). Because this hypothesis is being tested conditional upon the NPAH, 

it is more appropriate to conduct the test from the modified model 

estimated under the exclusion restriction for the coefficient on log P_j , 

which yields the estimates shown in equation (2.5) of Table 2. Using the 

results from estimating equation (2.5), the homogeneity hypothesis is not 

rejected (t-ratio = .647). The final estimation, shown in equation (2.6) 

of Table 2, is the re-estimation of the model with both the 

nominal-partial-adjustment and homogeneity restrictions imposed. This 

specification is simply the standard form of the nominal adjustment model. 18
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III. Testing the Inflation Effect

Goldfeld (1973), Boughton (1982), and Milboume (1983) each 

introduce expected inflation, equal to actual inflation, into the 

desired demand for real money balances under the maintained hypothesis of 

homogeneity in prices, resulting in = 0 in the following specification: 

log m* = 3q + 3jlog y + 32log R + 331o8 p + e'n, d' 1)

where n = log (P/P_j). An increase in expected inflation should induce a 

shift from money to physical assets if these assets are substitutes for

money, according to the argument of Friedman (1956), and should lead to a

negative value for 6' .

Maintaining the assumption of homogeneity in prices and 

substituting <1* * ) into the real partial adjustment formulation in (4), 

the estimation form of the model is given by

log m = + 3 jlog y + R + Y]lo8 m_j + 0log(P/P_j), (11)
where 3  ̂= Agl (i=0,l,2); = O-A), and 0 = A6'.

Equation (11) corresponds to the conventional RPAH model augmented by the 

expected inflation effect. Equation (11) also corresponds to the NPAH in 

equation (5) under the restriction of yj =-e in equation (11) and 

restriction of y2 = 0 in equation (5). If this coefficient restriction in 

equation (1 1 ) is satisfied, it is impossible to distinguish between a 

model incorporating both the RPAH and the inflation effect and a model 

characterized by the NPAH and no inflation effect. Thus, acceptance of

the model with the NPAH and without the inflation effect centers on the
19failure to reject Yj +6=0. Conducting this test using U.S. data for
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various estimation periods, Goldfeld (1973) and Milboume (1983) did not 

reject Yj + 6 = 0  whereas Boughton (1982) rejected this restriction.

However, reservations arise for the empirical testing in each of these
. 20 studies.

Relaxing the homogeneity restriction and introducing the 

inflation effect in the nominal money demand equation in (6'), the 

estimation equation for the real partial adjustment model is given by 

RPAH: log M = 3q + 3jlog y + 32log R + Yjlog M_j
+ r ^ l o g  p + r 3 l o g  P _ j  + y * ,  ( 6 ' ' )

where ei = xg! (i=0,i,2); = r2 + xe' = Y2 + + t* = W y

where $* is defined as in (1 '); and = Y3 - A0 '*
The NPAH is nested in equation (6") under the restrictions that 

r* = Y2+ ̂ 6'* 3°^ r3 = -xe. The basic conditions for satisfying the NPAH

and RPAH are shown in Panel B of Table 3. It is immediately apparent that

weaker conditions for differentiating between the RPAH and NPAH are 

obtained when the inflation effect is introduced along with the 

possibility that homogeneity in prices does not hold. A necessary 

condition for satisfaction of the NPAH is a significant positive 

coefficient on log P_j. A positive coefficient on P_j, however, also may 

occur under the RPAH if the inflation effect of - xe' outweighs the 

absolute value of y3- The sum of the coefficients on log M_j and log P_lt 

equal to the inflation effect of -xe', must be positive for the RPAH to be 

satisfied in the presence of the inflation effect. Thus, if the estimated 

coefficient on log P_j is negative and significantly different from zero, 

we can rule out the NPAH with or without inflation in the model. If the
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sum of the coefficients on log M_j and log P_j is significantly less than 

zero, the RPAH either with or without inflation in the model can be 

eliminated from consideration. If the coefficient on log P is not 

significantly different from zero, it is impossible to reject either the 

NPAH with the inflation effect absent or the RPAH with inflation present 

and such that y3 = A0' . If the coefficient on log P is positive and 

significant, we cannot reject either the NPAH with inflation in the model 

or the RPAH with a very strong inflation effect such that -A0'>|y.J.

Homogeneity in prices results in y* = A3* = A in each partial 
adjustment specification, leading to the following homogeneity conditions:

HPH under NPAH: r* = y* + A0' = A + A0' (12)

and

HPH under RPAH: r* = y* + (1-A) + A0' = 1 + A0'. <12’>

The homogeneity testing of either partial adjustment model is 

stated in terms of the sum of the coefficients on log M_], log P_]t and 

log P as follows:

HPH under NPAH or RPAH: T* + ^  = A, so that

r 2 + r 3 + Y 1 = ( 1 3 )

using A = l -y .
The application of these conditions is illustrated from the 

estimation results for Malaysian money demand in Table 2. As already 

discussed, when no inflation effect on money demand is present, the data 

are consistent with the NPAH and homogeneity in prices and are 

inconsistent with the RPAH. The next step involves relaxing the earlier
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maintained hypothesis of no inflation effect and checking the basic 

conditions for the NPAH and RPAH. From the results in equation (2.4) of 

Table 2, the NPAH is rejected if the true model includes the inflation 

effect or, stated differently, the inflation effect is rejected if the 

true model is characterized by the NPAH. This result follows directly 

from the coefficient estimate for log P_j, which is not significantly 

different from zero. Under the maintained hypothesis that the true model 

includes the inflation effect, the RPAH cannot be rejected, because the 

small positive coefficient on log P_j in equation (2.4) may arise from the 

inflation effect (-A6') slightly dominating the "stock-adjustment" effect 

(y^) in this case.

The next step involves testing of the homogeneity hypothesis 

conditional on both satisfaction of the RPAH and the presence of the 

inflation effect in the model. As shown in Table 3, the null hypothesis 

is that the sum of the coefficients on log P, log P_j and log M_j equals 

unity. Testing this hypothesis yields a t-ratio of .196, implying that 

homogeneity in prices cannot be rejected. 21 Having failed to reject

homogeneity in this model, it is appropriate to re-estimate with homogeneity 
imposed and the restriction of a zero coefficient on log P_j. This estimation

yields the results in equation (2.6), the same equation used in estimating 

the NPAH with homogeneity imposed and without the inflation effect. This 

conclusion simply underscores the inability to distinguish between the 

real adjustment model inclusive of the inflation effect and the nominal 

adjustment model excluding the inflation effect, when the homogeneity 

hypothesis is imposed, and the coefficient on log P_j 
zero after statistical testing.

is restricted to
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IV. Concluding Remarks

We have demonstrated the analytical and empirical equivalence of 

the Spencer and Hwang models for testing the real and nominal stock- 

adjustment specifications of money demand. Empirically equivalent results 

were shown for these models using either the OLS or Hatanaka residual- 

adjusted Aitken estimator. We also reformulated the Spencer and Hwang 

specifications in terms of nominal money demand. This modification adds 

nothing new to the Spencer and Hwang models beyond being a little more 

convenient for empirical testing. The main virtues of the modified model 

arise in extending the test procedures to consider the effects of expected 

inflation on money demand. For this purpose, the modified model seems 

considerably more straightforward than introduction of the expected 

inflation effect into the general regression model of either Spencer or 

Hwang. After integrating expected inflation into the modified model, the 

same empirical estimates in Table 2 that were used for testing the model 

without inflation also could be used to test the NPAH and RPAH, 

homogeneity, and the inflation effect in the revised model. The Malaysian 

data were consistent with either the NPAH with no inflation effect or the 

RPAH with an inflation effect on money demand.

Although the inability to empirically distinguish between these 

partial adjustment models might be somewhat disheartening, two positive 

aspects of the results should be emphasized. First, the analysis has 

established that the demand for real balances in Malaysia appears to be 

homogeneous of degree zero in prices regardless of which partial 

adjustment model is accepted. Second, the empirical results in equation
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(2.6) are applicable in either case, resulting in a single set of 

estimates for the partial-adjustment coefficient and the short-run and 

long-run elasticities with respect to income and the interest-rate. These 

empirical results in equation (2.6) of Table 2 are reasonable, indicating 

short-run and long-run interest elasticities of -.064 and -.379, 

respectively, and short-run and long-run permanent income elasticities of 

.185 and 1.09, respectively. Thus, if the focus is entirely on empirical 

estimates from a representative money demand equation, the choice between 

the real and nominal adjustment model might be viewed as inconsequential.

The choice between the NPAH and RPAH sometimes may be resolved, 

at least to the satisfaction of some investigators, on the basis of 

ancillary evidence. For money demand studies of countries in which 

hyperinflation or even "high" inflation characterize the price series, the 

preference usually would be for a model which includes the inflation 

effect, as bolstered by the findings on money demand and inflation in 

Cagan (1956) and subsequent studies of money demand in Latin American 

countries experiencing hyperinflation. This consideration is not relevant 

to the results in Table 2, because the price data for Malaysia reveals 

relatively moderate inflation over the estimation period. Somewhat 

greater weight also might be given to the model incorporating inflation if 

the test results are for money demand in developing countries where 

limited menus of domestic financial claims may result in greater 

substitution between narrowly defined money and physical assets than in 

industrialized countries. In our view, this factor is not particularly 

important for Malaysia where banking and other domestic financial services 

were widely available during the sample period.
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Preference for the NPAH may be based on the contention that 

inclusion of the expected inflation effect in the money demand 

specification is redundant, because expected inflation is reflected in the 

nominal interest rate. This argument is found in Laidler (1977) and 

Johnson (1972) and in its strongest form in Poole (1976), who states: "I

would argue that the cost of holding cash balances is equal to the real 

rate plus the rate of inflation (or expected inflation), and the sum of 

the two components is presumably measured by the nominal interest rate.

The only situation in which the nominal interest rate would fail to 

measure this cost would be severe deflation, when the nominal rate could 

not become negative whatever the expected rate of deflation." [Emphasis 

added](p. 642). Although interest rates on time and savings deposits were 

not deregulated in Malaysia until 1978, the view that these interest rates 
at least partially reflected expected inflation even prior to deregulation

has some merit.
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Table 1: Illustrative Estimates of the Hwang, Spencer, and Modified Models:
Ordinary Least Squares Estimates 

(Money Demand in Malaysia: 1970:2-1984:4)

Sum of

Equation
Model/
Dependent
Variable,, Cons tant

logM_1
-logP~1

logP 
■■=log£ 1 logP lag, it logR

Coefficients 

logP logP ^ £ - L ±

(1.1) Hwang
log(M/P)

.64
(.84)

.9488
(12.08)

-1.151
(12.39)

.078
(.93)

-.003
(.03)

-.064
(2.01)

-1.073
(12.98)

.202
(2.57)

.993
3.62

(1.2)
log(M/P)

.64
(.84)

.9488
(12.98) -1.073(12.98)

1.151
(12.39)

-.003
(.03)

-.064
(2.01)

-1.073
12.98)

.202
(2.57)

.993
3.62

(1.3) Spencer
log(M/P)

.64
(.84)

-1.073
(12.98)

.022
(2.57)

.9488
(12.98)

-.003
(.03)

-.064
(2.01)

.993
3.62

(1.4) Modified
logM

.64
(.84)

-.073(.88)
.002

(2.57)
.9488

(12.98)
-.003
(.03)

-.064
(2.01)

.998
3.62

—2Note: R is the multiple coefficient of determination adjusted for degrees of freedom; h is the Durbin-h statistic. Absolute
values of t-ratios are shown parenthetically. The standard errors used to calculate the t-ratios for the sums of 
coefficients on log P and log P-i in (1.1) and (1.2) are calculated from the estimated variances and covariances of the 
individual coefficient estimates entering these sums.
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Table 2: Illustrative Estimates of the Hwang. Spencer, and Modified Models:
Corrected for Serial Correlation Using the Katanaka Estimator 

(Money Demand in Malaysia: 1970:3-1984:4)

Sum of
CQef£lciaat.s

Equation
Model/
Dependent
Variable Constant

logM_1
-logP~1

logP 
-logP 1 logP l<2g£_1

(2.1) Hwang
logM/P

-.77
(.55)

.703(4.04) -.731)
(5.83)

-.081
(.547)

(2.2)
logM/P

-.77
(.55)

.703
(4.04)

-.812
(8.98)

.731
(5.83)

(2.3) Spencer
logM/P

-.77
(.55)

-.812
(8.98)

.028
(.254)

(2.4) Modified
logM

-.77
(.55)

.188
(2.08)

.028
(.254)

(2.5) Modified
logM

-.66
(.55)

.168
(1.99)

(2.6) NPAH
logM/P

-.05
(.29)

- .831 
(10.97)

l2gil_ 1 log y logR logP lag£_1 B2 /*
.387

(1.30)
-.077
(1.66)

-.812
(8.98)

.028
(.254) .999

.76
.387

(1.30)
-.077
(1.66)

-.812
(8.98)

.028
(.254)

.999

.76
.703

(4.04)
.387

(1 .3 0)
-.077
(1.66)

.999

.76
.703

(4.04)
.387

(1.30)
-.077
(1.66)

.999

.76
.767(6.64) .313

(1.37)
-.073
(1.79)

.999

.70
.831

(10.97)
. 185 

(2.27)
-.064
(1.84)

.999

.60

—2Note: R is the multiple coefficient of determination adjusted for degrees of freedom; $ is the final estimate of the
first-order serial correlation coefficient from the Hatanaka procedure. Absolute values of t-ratios are shown 
parenthetically. All equations include seasonal dummy variables (estimated coefficients not shown). The standard errors 
used to calculate the t-ratios for the sums of coefficients on log P and log P_j atre calculated from the estimated variances 
and covariances of the individual coefficient estimates entering these sums. .The R2 for equation (2.4) will differ in 
general from the R2 for equations (2.1)—(2.3).
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Table 3. Coefficient Restrictions for the NPAH and RPAH

Panel A; Model Excluding the Inflation Effect— Equation (6f)

Adj ustment 
Hypothesis

Basic
Restrictions

Satisfaction 
of HPHC

NPAHa Y3 = 0 
0 < ■ < 0

r2 + Y1 " 1

RPAHb *1 * v3 - 0
0 < < 0

r2 = 1

Either NPAH 
or RPAH r2 + Y1 + Y3 = 1

Panel B: Model Including the Inflation Effect— Equation (611)

Adj us tment 
Hypothesis

Basic
Restrictions

Satisfaction 
of HPHC

NPAH3 r3 > o 

o < y x < 1
r2 + r3 + Y1 = 1

RPAHb

0 < Yj < 1

r* + r + v = i  l 2 13 Y1

Nominal Partial Adjustment Hypothesis 
^Real Partial Adjustment Hypothesis 
CHomogeneity-in-Prices Hypothesis
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FOOTNOTES

1. Several studies estimating variants of the conventional model using 
U.S. money data are surveyed in Judd and Scadding (1982). For a 
review of earlier empirical studies of money demand, see Laidler 
(1977). See OBrien (1981) for references to money demand studies in 
other countries.

2. The designation "orthodox test" is found in Pesaran (1982), where the 
power of this procedure and other non-nested hypothesis tests are 
compared.

3. See Goldfeld (1976), Hafer and Hein (1980), and Hetzel (1984). 
Comparisons of the RPAH and NPAH in these studies are based on 
in-sample and post-sample fit and "goodness-of-forecast" criteria such 
as mean square error.

4. The NPAH also has been criticized by Heller and Khan (1979) who note 
that this hypothesis implies that the public has the collective 
ability to adjust the nominal quantity of money, so that money supply 
adjusts passively to excess money demand. We do not enter the 
theoretical debate on the NPAH and RPAH but rather simply focus on the 
issue of whether the data supports either hypothesis.

5. It should be understood at the outset that "general model" in this 
context refers to a sufficiently general model for subsuming (i.e., 
nesting) the hypotheses tested in this paper. Obviously, more general 
models exist but are not directly applicable to these tests. For 
example, the RPAH and NPAH each assume that a single distributed lag 
pattern applies for all explanatory variables (other than the price 
level) in the desired money demand specification. This assumption is
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a maintained hypothesis in the general model tested in this paper, 
because the objective is to test these particular models commonly used 
in empirical studies. See Spencer (1985) for testing of a general 
model that introduces different lag patterns on these variables.

6. In some studies, the level rather than the log of the interest rate(s) 
has been used (see Klein (1974)). This modification would not change 
the substance of any results in the present paper.

7. The condition of Yj = -y3 is both necessary and sufficient for the 
RPAH to be validated in Spencer's model, given satisfaction of sl 
priori sign restrictions on the income and interest rate coefficients 
and satisfaction of the condition that the estimate of the 
stock-adjustment coefficient A is greater than zero and less than 
unity. That is, it should be understood that the RPAH or NPAH is 
inherently tested jointly along with the desired money demand 
specification. It should be recognized that a maintained hypothesis 
in Spencer's model is that money demand is characterized by RPAH,
NPAH, or neither. A combination real-and-nominal adjustment model is 
not entertained. Therefore, no avenue for lagged-price effects other 
than through the RPAH is specified, and y = -y3 is necessary and 
sufficient.

8. For empirical testing of the HPH conditional on the NPAH or on the 
RPAH, it is appropriate to estimate the models in (5) and (6), 
respectively, and to test the exclusion restriction fory2 , rather 
than using the results from estimation of the unrestricted model in
(7) to test the HPH. In fact, Spencer describes the results from such
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tests prior to his discussion of the test restrictions for the model 
in <7). Therefore, it is unclear why he describes testing y2 = 0 
and y = - y2 based on the estimation of (7) as parts of the tests of 
the RPAH and NPAH, respectively.

9. This is only one of the necessary conditions for the NPAH to hold in 
Hwang’s model. For underlying stock-adjustment coefficients in his 
equation (7) (see Hwang (1985), p. 690), it is necessary to reject a 
= 1 and X2 = 0 tested jointly, where A ̂ = d-y^) and A2 = y^ “ 1 •
This joint test amounts to testing the proposition that short-run 
money demand is characterized by the desired money specification in
(1)— i.e., that there is no lagged adjustment in money demand 
whatsoever.

10. The alternate specification in (10') of course is the type used in 
simple t-tests of linear coefficient restrictions. That is, if the 
t-value attached to a^ is significantly different from zero, the 
hypothesis of equal absolute values for a^ and a^ in the true model 
would be rejected.

11. The following data are used for all regression estimation: M is the 
nominal Malaysian money stock narrowly defined (the M1 aggregate); R 
is the weighted-average interest rate on commercial bank deposits; y 
is permanent income generated by the method in Darby (1972) and based 
on Gross Domestic Product (GDP) in real terms; and P is the implicit 
GDP deflator. The sample period is 1970:1 - 1984:4, less 
observations lost in lagging variables or in serial correlation 
correction. All data are seasonally unadjusted. Seasonal dummy
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variables, included in subsequent regressions, are excluded from the 
illustrative equations summarized in Table 1. The permanent income 

variable is used in place of current GDP, because better illustrative 
results are obtained. In fact, permanent income tends to perform 
better in all our Malaysian money demand estimation. Quarterly GDP 
was estimated from annual data using a variant of the related-series 
technique of Chow and Lin (1971). Bank Negara Malaysia is the source 
of all the data.

12. The Durbin-h statistic for the Spencer model in (1.3) must be 
modified slightly, because the Spencer model does not include the 
lagged dependent variable per se. The Durbin-h statistic is given by

h = p / T/(l - T Var(y1))

where P is the estimated first-order serial correlation coefficient,
T is the sample size, and Var (Yj) is the estimated variance of the 
coefficient on the lagged dependent variable (see Durbin (1970)).
For the Spencer model estimation in (1.3), Var (Yj) refers to the 
estimated variance of the coefficient on log M_j, resulting in the 
same Durbin-h value as in equations (1.1) and (1.2).

13. The instrumental variable estimation in the first step of the 
Hatanaka procedure was performed using an equivalent "two-stage" 
least squares approach described in Liviatan (1963, p. 47). The 
first stage involves regressing the lagged dependent variable on the 
current and lagged values of the explanatory variables excluding the 
lagged dependent variable. In the second stage, the original 
dependent variable is regressed on the explanatory variables with the
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estimated lagged dependent variable from the first stage replacing 
the actual lagged dependent variable. Then the second step of the 
Hatanaka procedure is implemented using semi-differenced data and 
including the lagged residuals from the previous step as a regressor 
in order to obtain the final coefficient estimates. The final 
estimate of the first-order serial correlation coefficient is given 
by the initial estimate plus the coefficient estimate on the lagged 
residuals from the second step.

For the corrected estimation of the Hwang model in equation
(2.1) in Table 2, the instruments included log (P/P_1>, log P, 

log (P/P j > j . and current and lagged values of both log y and log 
R. Note that log P_^ is not included in the instrument set, because 
perfect multicollinearity would result. Also notice that Spencer's 
model in equation (2.3) does not include the lagged dependent 
variable, but rather includes log (M_]/P). After modification of the 
Hatanaka procedure, however, corrected estimates in equation (2.3) 
that agree in empirical content with the corrected estimates in 
equation (2.1) are obtained. The equations in Table 2 include 
seasonal dummy variables (not shown).

14. The current price level also enters as a deflator of nominal income, 
but this deflation is not relevant to the present testing issue.

15. These conditions for "unconditional" testing of the HPH in the two 
forms of the model are easily verified using the basic restrictions 
for the NPAH and RPAH in the respective specifications. However, the 
test itself is not very interesting, because the major objective is 
validation of the NPAH or the RPAH, rather than establishing 
homogeneity of money demand for these adjustment processes jointly.
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16. A misleading impression sometimes is given of the extent to which 
money demand estimates are altered by using log M in place of log m 
as the dependent variable. For example, see the discussion of the 
Heller-Khan critique of the NPAH in Hafer and Hein (1980), footnote 
7, p. 28. Using log m rather than log M as the regressand only makes 
a difference when log P is not included as a regressor— i.e., when 
log m is used to impose the homogeneity-in-prices restriction £l 
priori.

17. The t-ratio is 5.83 for the test of the null hypothesis that the sum 
of the coefficients on log M_j and log P_j is zero in equation
(2.4). Note that this test is equivalent to testing the null 
hypothesis of a zero coefficient on log P in equation (2.2).

18. The estimates in Table 2 were used to test for linear homogeneity of 
money demand with respect to real permanent income— i.e., the 
hypothesis of unitary long-run income elasticity investigated by 
Hwang. Non-unitary income elasticity implies that the sum of the 
coefficients on log y and the lagged money variable in a given 
equation differs significantly from unity. Unitary income elasticity 
was rejected for all equations in Table 2.

For completeness, two tests based on the coefficient estimate 
for log M  ̂ in (2.6) should be mentioned. First, we reject the null 
hypothesis that the true coefficient is unity (t-ratio = 2.23). 
Second, we reject the hypothesis of full short-run adjustment to 
desired demand, based on a test that the true coefficient is zero 
(t-ratio = 10.97). This latter test corresponds to Hwang's joint 
test of the adjustment parameters in his cost-minimization model (see
footnote 9).
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19. Note that this test does not reject the RPAH, but simply indicates 
that the data are consistent with the NPAH without inflation in the 
model. Failure to reject Yj + 0=0, is also consistent with the RPAH 
if the inflation effect captured in 0 just happens to equal Y j in 
absolute value. Acceptance of the NPAH in such circumstances is 
based on the a. priori belief that the NPAH without the inflation 
effect in the model is more reasonable than the RPAH with inflation 
introduced in the model. Also note that (yj+0) < 0 is not 
sufficient for a model characterized by the NPAH with the inflation 
effect in the model. A necessary condition for such a model is 
that Yj+e be less than zero. But a negative value of Yj+e also can 
occur in a model characterized by the RPAH and an inflation effect.

20. Goldfeld (1973) used the Cochrane-Orcutt estimation procedure which
in general leads to inconsistent and inefficient estimates in models 
with first-order serial correlation in the presence of a lagged 
dependent variable. Milbourne (1983) did not show results corrected 
for serial correlation despite unacceptable Durbin-h statistics, 
based on the following arguments: "Whilst these estimates can be
corrected for this [first-order serial correlation] the likelihood 
values are not exactly comparable since they correspond to different 
autocorrelation coefficients."(p. 635) "..., serial correlation is 
not an assumption of any of the models, and so these models should 
not be tested as if it were." (footnote 5, p. 635)

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



Boughton (1982) estimated his equation (1) using the 
Hatanaka two-step procedure and concluded: "But a test of the
equality of the two coefficients in equation (1) yields a t-statistic 
of 3.61, enabling one to reject [the NPAH] ..." (p. 1093) The test 
should have been stated as a test of the sum of the coefficients 
equal to zero rather than the equality of the coefficients. 
Presumably, Boughton applied the correct test, but it is not apparent 
how he obtained a t-ratio of 3.61. Using his estimated 
coefficients and corresponding t-ratios, the estimated variances of 
these estimates can be calculated. Although the estimated covariance 
of these estimates is not provided, the minimum estimated variance of 
the sum of the estimated coefficients can be found by finding the 
minimum covariance. This minimum covariance is obtained by using the 
estimated variances of the estimates and the Cauchy-Schwarz 
inequality (or equivalently by using the estimated variances and 
solving for the covariance under the assumption of a minus-one simple 
correlation coefficient for the coefficient estimates). Using this 
approach, a t-ratio of .35 was obtained for Boughton's test, 
indicating failure to reject the NPAH without inflation in the model.

A fourth study also should be examined. Using Greek data, 
Brissimis and Leventakis (1985) test for the appropriate opportunity 
cost variable(s) in a money demand model admitting three candidates: 
a savings deposit rate, expected inflation, and expected currency 
depreciation. Expected inflation is represented by log (P/P_j).
These authors may have been unaware of the dual role of the inflation

- 32 -
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rate arising from the testing of the RPAH and NPAH, or their strong 
predisposition in favour of the RPAH may have inclined them away from 
testing the NPAH. Their preferred empirical specification is 
characterized by the RPAH with inflation as the only relevant 
opportunity cost. Using their tabled equation 2 <p. 484), the same 
detective work as described above for the Boughton model was used. 
Testing y1 = -9, the maximum t-ratio was 4.17 assuming the minimum 
covariance of the estimates and was .8 assuming the maximum 
covariance. If log (M_j/P_j) and log (P/P_j) are positively 
correlated, the estimated covariance of the estimates is likely to be 
negative— a standard result in studying multicollinearity (see 
Johnston (1984)). Therefore, the restriction may well be rejected. 
However, this is a test of the NPAH without any opportunity cost 
variable against the RPAH with the inflation effect. A fairer test 
of the NPAH inclusive of an opportunity cost variable cannot be 
performed from the information in the article.

21. The sum of the three estimated coefficents is 1.029. The estimated 
standard error of this sum, equal to the square root of the sum of 
the estimated variances plus twice the sum of the estimated
covariances, is .148.
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