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Abstract
Accurate estimatcﬂ'nf olasticities of substitution require not
aniy arb1trarr]y accurate a[pz"xluwrauns of the gonsummr s true indirect
utility function, but alwo !Ls dcrwahves, use Qf thew flembﬂ:ty
and consistency with hoth the theory of utiiiﬁx_ﬂizim{zat:on nd gﬁé‘fheory -

of statistjcs. the truncated versions of the Fourier form [Gallant [1381])
are tractable for modeling consumer behavior in general and fn yielding

a consistent cqtiwmjg oﬁhgliun’ﬁ elasticity of subgtifution|(AES) in
particular. On the other hﬁnd, the problem af osctimating the asymptotic
standard errors of -the AES iy almOSf ignored in the }iterature, this may de
because of : he nonllnearlty nf the funcfnon or pecause of the .ubstantial
econometric soph15§1cat1on rﬂquired in their estimation. In this paper
the methodology sf computing the AES and its asymptotic standard errors
for the 2ntire sample period are presented.

tqually important is the issue to which we apply :ne Fourier Flexible
form, this i+ the substitutability among monctary assets. We conclude,
in the empirical part of this paper, that for the deand for iiquid assets
(2) the Fourier model satisfies the restrictions of consumer *heory, and
the elasticities of substitutions, (b) are generally iow, 2.7 'c) suggest
"hat “like assets’' are L10.0r substitutes than unlike 3ssets. We also
confirm the existence of ‘institutional lovaley” amorny the nolders of

liquid assets.



"Toward a Consistent Estimate of the Substitutability
petwgen Money and Near Monies:
An Application of the Fourier Flexible Form® *

[. Introduction

~Recently, the issue of money and near monies substitutabiiity/comp]e-
mentarity relationship has attracted a great deal of attention in the lit-
erature (see feige and Pearce [21] for a general review). An 1mportant
reason for this interest is the poor performance of the traditional model
of the demand for money; in particular it has been {apparenily) unstable
over the 70's. Even a recenf redefinition of money by the Federal Reserve
has not worked weil and the (apparent) inability of the Federal Reserve
to conduct a strong monetary policy has induced further pressure and has
called for a2 re-examination of the traditional analytical models and the
methodology of defining money. One reascnable explanation of why these
~Models have failed to accurately capture recent experience in the money
mrket is that a simple unweighted summétion measurament of money general-
Iy has been used. In fact notentially numerous assets possess some degree
¢f moneyness and therefore, a more reasonable approach to the definition
of money is to regard modetary assets as joint products with different
degrees of amoneyness . Based upon the degree of moneyness the quantity of
foney then Can be defined as the weighted sum of the aqgregate value of
211 monetary assets (see Friedman and Schwartz [25]). When a quantita-
tive measure of the degree of moneyness is required it is very obvious
that an appropriate candidate is the elasticity of substitution.

A number of recent works have examined the substitutability among

different monetary assets. They include direct estimates of the elasti-

cit iyt / . :
Y of substitution using some constrained flexible functional forms



(Offenbacher [34]) or unconstrained versions used to test for theoretical
and functional form restrictions (Ewis-Fisher [20]); furthermore there is
interesting and attractive work defining aggrecate monetary ass;ts by
Barnett [2].1!) 1n. the present paper we will restrict our review of the
literature to the three papers mentioned, because of their comﬁon methodo-
logy--the use of the theory of consumer demand--and because of their em-
ployment of the same data base. Of course this also permits us to estab-
lish some comparative properties of the four approachesi these comparisors
enable us to illustrate the characteristics of the preseat approach more
clearly.

Usfng the translog functional form, Offenbacher [34] estimates the
elast{city of substitution between currency, demand deposits, and time
deposits. His main finding is of Iow'sdbstitutabilgty over M2 ;omponents
in general and he also finds that the substitutability between currency
and time deposits is larger--in magnitude--than that between currency and
demand deposits. Apart from the fact that imposing symmetry and linear
nomogeneity without testing it represent, essentially, unlikely and even
innecessary restrictions, his work is,nontheless, impdrtant because it
suggests that we consider - among other empirical topics - the disaggre-
gation of narrow money (M1) among our research agenda.

Barnett's [2] theoretical model of the monetary aggregates is in-
novative and is a very comprehensive study. I[n this work the monetary as-
sets group is broken down into transactions balances, and a secon&-group
includes various types of passbook savings_accounts {and time deposits at
different institutions) for which an exact aggregator function is estimated.
The main finding is of high substitutability among the various passbook

savings accounts (and time deposits accounts) out low substitutability



3
petween transaction balances and the nested “like assets” group. In this
study, Barnett also applies aggregation and index number theory to the
selection and construction of money aggregates. He explores the implica-
tions of statistical index number theory for the construction of a mone-
tary quantity index number and advocates the use of the Tornquist-Theil
pivisia index to measure the quantity of money. His finding is that a
simple sum index fails to internalize the long-run substitution effects
that have occurred in the money markets dur{ng the ﬁast decade.‘aad th&t
either 2 Tornquist-Theil Divisia index or a Fisher Ideal index does.

This work has been followed by a rapidly growing quantily of research ona
the use of aggregation and index number theory (see [3], [4], [5]. [6].
and [7]). _

fstimates of a quantitative measure of the degree of substitutability
of monetary assets in the context of a ﬂpxible functional form (with no
undesirable restrictions) comprises the cehtral part of the Ewis-Fisher
{20] paper. In their model, instead of making assumptions (like symmetry-
linear homogeneity) to justify the aggregation over individuals, the
athors Lest for the existence of the representative utility fuaction by
testing for the integrebility conditions. In so doing, they aveid any bias
Which could result from imposing restrictions that may be inapproprilte-(z)
The explicit derivalion and treatment of technological change ia the utility
function and the extension of the model to iqclude foreign monetary assets,
in addition to the stochastic specification within a non-linear estima-
tion technique, make their study distinct from the other two studies that
4re most similar in approach. Their findings, however, do not differ
“Oﬂ‘ficcntly from the main finding of Feige-Pearce [21] (and confirmed by

Barneyy {2) and many others). This is for Jow substitutability among the



monetary assets. Three points need to be underscored about the Ewis-
Fisher ﬁapef. however, to establish the point of departure for- the
present effort. | ., _j
First, they aciually obtained several cases in wﬁich‘symmetry was
. accepted statistically; this i; not a common result'anﬁ it does not
dénefalliﬁoﬁt;in for highly aggregated studies of “consumer” b%hévior.(3’
- Second, aside from their main finding that confirue§ the Jow substitutability
among liquid assets, the elasticity of subst(tuiion between foreign monetary
assets (currency) and all near monies is high (in magnitude). This has
policy implications concerning the possiblity of condhcting an 1ndeﬁendent
monetary policy.(see Miles [33]){4’ Third, linear homogeneity and the Hicks-
. neutrality of monetary innovation were rejected as assumptions in all the
empirical investigations; this suggested strongly that such restrictions,
when imposed without testin§, could easily produce bias. Nonetheless,
this study shares with all the other studies the problem that it ignores
the statistical aspects of the AES estimates; in particular there is ao
estimation of the sta#dard errors of the elasticity of substitution. In
the context of flexible functional forms the ALS is a non-linear function
of random variables and thus estimates of its standard errors are relatively
difficult and require econometrically sophisticated technigues. Indeed,
from the record, the cost of caiculating such estimates seems (o have been
generally bind‘inq‘w) -
Returning to the question of the monetary aggregates and the problem
of measuring the degree of substitutability among alternative liquid assets
one is immediately confronted by a_éhoice between functional forms that

exhibit good behavior globally and those that possess flexibility in that they

impose no prior restricticns, especially on the behavior of the elasticity



of substitution (see [29]). . Certain simple forms, such as the CES,

satisfy certain regularity conditions globalily, but place unnecessarily
stringent conditions on the possible values of the estimated AES; this is
unfortunate since this is the main point of such work. Flexibie Functional
forms-a Taylor expansion such as the tyans?og far‘eiample—~possess flexibilfs.
and impose no undesirable restrictions; Taylor's theorem, however, only
applfes locally. Indeed the local applicability of the spproximation suffices
to transform propositions from the theory of demand into restrictions on

the paraﬁeters of the approximating expenditure system: However, Taylor's
theorem fails to provide a satisfactory means of understanding the statis-
tical behavior of parameter estimates and test statistics iﬁaliani §87; ». 21205
In contrast, the Fouriér series expansion used in this paﬁg;lpernits a

natural transition from demand theory ta‘statisticai theory..

In this paper, two main points are of concern. In the context of the
flexible functional form method we wish to establish that to estimate a
demand system and (hence) to obtain the elasticity of substitution one needs
not only to approximate the true indirect wtility function but a!ép to
approximete its first and second derivatives. In particular, thé?tlassical
Fourier sine/cosine serins expansion of the indirect utility function leads
directly to an expenditure system {and an estimate of the elasticity of
substitution} with the property that the average prediction bias may be
made arbitrarily small by increasing the number of terms in the expansion.
Thus, the first main point is to'apply the Fourier flexible form based on
the argument that it is the function that can capture the true indirect
monetary services utility function. In this regard, we simplify and ex-

plore the computation of the function in an effort to help quide future re-



6
search with this model. Furthermore, the !ntcgrabt?f«y'f,qﬁfgwm, will be
tutod--with special enphasis on the symmetry condition--rather than
auuming tln existence of thc undcrlying utiifty function. As an fssue,
thil 1: lﬂ luportlnt mattcr, 2% noted by Jorgenson and lau [3! p. 118):
i "lf tht intc?rability canditlons sre valid, then thc thcory
of individual consumer behavior 1s applicable to the analysis
of aggrcguta consumer demand !unct{ons in per capita form”.
The sccond main po!nt concerus 2 common probten in thc literature;
this 1: "how hrgc is large" m» we rcfer to tbcyci;st’(icity of substity-
tion. For reference consider the following from Feige and Pearce (21,
p. 463], where thc monetary topfc of our paper was surveyed:
'Hhiic most of the studies assert that the deqree of
substitution between money and near-monies is an
important empirical issue, none have to date included
an analytical framework capable of telling us how large,
for example, the cross-elasticity must be beforc the
definition of money should be broadencd .,
In our view, we believe that any analytical framework capable of solving
such a problem a1so has to explore the distinction between “statistical
significance” and "economic significance”. Before statistical significance
is established, speaking of the economic significance of any estimate of
the AES is uttérly meaningless; estimating the standard errors of the AES
is therefore essential.
The objective of this paper is to investigate the degree of substitutability
between monetary assets using a flexible form that can globalij approximate
the parameters of the under lying indirect uwtility function to within an
arbitrarily small degree of bias and yield a consistent estimate of the
AES. In the empirical model, the specification of the Fourier indirect
utility function is arqued to he the most accurste approrz imat ion of the
true indirect utility function of consumer’s monetary servizes. Within

this model a consistent estimate of the elasticity of substitution is



obtained and a method for comput ing the AES asmptotic standard errors
fs analyzed.

11. The Mode!

When one’s goal is to measure the degree of substitutability between
money and near monies, deriving a demand function for each frow traditional
consumer theory is the most attractive and most frequoaily used approach,
The resuiting method has the advantage of unifying the theoretical mode)
of the demand for all monetary assets including money, without the meed to
explore how the household's decision has been made in the financial markets.
To be.qia, then, we assume that assets in the portfolio may have nom-
pecuniary characteristics (i.e. liquidity, safety, convenience. . . ); in
particular, we assume that the flow of commodities consumed and the holding
of real and financial asﬁéts provide utility to the household. A coaven-
fent approach is the following: rather than introducing all these service
streams (pecuniary and non-pecuniary) explicitly into the amalysis, they
Can be included implicitly by allowing utility to be a function of the
holdings of assets.

The maximization problem of the representative household can be sim-

p1ifed to the following one-period maxinization:(S)

. .

Cta UL v, (C'.Cz....,CN.Q,.Q?..f..QNE. (n
o TLR T TOT U LI ORE S ) A S
Subject to

N B

t PC. s (2)
8 AR A

where U is assumed to setisfy the regularity conditions, ( is an m-vector



of quantities consumed in perfod t, 4 is an N-vector of quantities of
monetary assets held in period t, W, is the wealth constraintjfgnd-:g
is the jth commédity prices (j'l.?.....ﬂ). P i¢ the orice of the 1
(7)

monetary assets evaluated as

i Rt'rit (3}
it 1 4R
: #

which denote the discounted interest foregone by holding a doliar's
ﬁorth of the ith assetJ r is the market yield of the ith monetary asset,
and & is the yield available on & “benchmark” asset that is held only as
2 pure store of wealth. The "benchmark" asset is assumed to provide no
monetary services {i.e. has a non-pecuniafy retﬁré)- It is held not because
of its Tiquidity or other characteristics, but because it faciiitates
transferring weaith between periods, in 2 general multi-period planning
horizon (see Barnett [1]). : |

Explicit consideration of the commodities sector or the labor/leisure
(and hence human capital) decision is, of course, beyond the scope of the
current paper. Instead, 3 simplification is needed to Specify the problem
fn its final form; this is known as the multistage maximization procedure.
To permit the construction of a demand system involving only the obportunity
costs and quantities of monetary assets, the utility function in (1) is
assumed to be functionally separable in‘the monetary assets; then the

individual’'s choice of the q's 1s the result of the second stage of a two-

stage maximization. In the first stage, the consumer selects aggregate

monetary assets expenditure and aggregate consumer goods expenditure for

period t. The second-stage allocation decision over individual current



period monetary assets is then Lo
“.’ ut . u (“taztcno.‘ut,'

141,2,... M,
t1,2,...m.
Subject to
N
£ Lo e ek W ‘5

in which M, is the value of the flow of monetsry services.

The problem of maximizing the monetary services wiility fusctiion (€)
subject to the expenditure constraint [5) s more fruitfylly salyzed yiting
duality theory. 1f y{.} is assumed 1o be monotonicslly iscressisg,
twice differentiable and quasi-concave, ther there exisis 20 ‘afirect sone-
tary services utility function,

g* (%) = glxyuxg,. .- oxy)s %
which is twice differentiahlie, strictly decreasing and guci-comwes ‘s
the Xy where Xy is the income normelized grice, (P /™). To et it
differently, define an N x 1 normalized price vector x = 7% The Sagirsct
ut{lity function g*{x) corresponding tc the smeximization proslem (4] - (5]
is defined as

g% (%) = Max (fa), tq <1590 0,} (7}

with regspect to q
Assuming that the direct monetary services utility function satisfies cer-
tain reqularity conditions, then g*{x) will satisfy corresponding ~eguliar-
ity conditions (let g*{x} denote the consumer’s true indirect glility fomc-

tion hereafter).
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Deriving the share cquations of the demand system require application of

Roy's Identity (Ray (35, p. 222]).. According to this theorem, the consumer's
utility is maximized when expenditures are allocated according to the
expenditure system (Roy's Identity), : ‘

PeXyM = { ;1 X (wii) Q )] X3 ) g (k) (8)

(i=1.2y..0 ).

[t is assumed that g*(x) has continuous partial derivatives and that

(a/0x¢) 9 (x;) < 0y 18" bt 51080 el 35 W Tderve (OF
for all x cx where x ¥s the region of approximation: the overbar.denotes

closure of a sedt.

I11. Specification of the Fourier Flexible Form

A familiar method for obtaining an expenditure system for empirical
work is to set forth an indirect utility functfnn g{x) which is thought to
adequately approximaté g*{x) and then apply Roy's identity, |

PX, /M = [121 x; (3/3xs) g (x)]-] x; (3/x;) 9 (x) . - (10)

| (i=1,2,....N)
to obtain the approximating expenditure system. One can see from Roy's
Identity that if this approach is to succeed it is actually the partial
derivatives of the indirect utility function which need to be accurately ap-
proximated by the partial derivatives (a/axi) g {x) ahd not just the func-
tion g(x). A global approximation over x is said to be provided by a |
Fourier apprdximation (see Gallant {27]). When the Fourier flexible form

is chosen the resulting expenditure system has a feature which distinguishes

it from other flexible form expenditure systems.  When estimated. it will



1}
approximate the true expenditure system to within an average prediction
bias which may be made arbitrarily small by increasing the number of terws
in the Fourier expension (verification of this argument 15 in Gallant
(27, Section 4.]).

The Fourier flexible form of an indirect utility function may be writ-

tén as
' A J g .
. . . i x
g, (x) =a_+bdx ¢+ jxCx+Y F a, e”mn (11)
K 0 ; wrl §u<d jre
where
A
Ce- £ 23 rk’
w oo o'
o) (12)
‘jﬂ b -‘ajx

However, in an empirical investigatibn it is more convenient to work with
a sinefcosine representation than with the exponential representations

mentioned above. Therefore, an equivalent form may be obtained; setting

aoa = um b ‘ﬂ'T,Z,.,..A)f
i * Y5 * i"jm . {J=1,2,... 4}, (13)
a“jﬂ . Uju » ‘VJ“ M

where i is the imaginary unit, we then have

9% {x) = Uyt bk ¢ § a7Cx

A J
*“El lu,, +2 j:I ["ja cos (jx~ x) - v sin (jc” x)]) (14)
where
[}
Ll e (15)
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The derivatives of q, (x) are:
(3/3x) 9y (x)
R |

=b + Cx - 25 _j*_] ilug, sin Linin) +oug, cos (e x)] <, (15)

(2%73xx ") gy (x)

A ; T
= % dw 42 i § ugocos (geg x) - vy sie (Gex)]) x k.
r1=] j=1 :
{17)
where « is a multi-index.
The construction of a sequence of elementary multi-indexes
ah |
KN = [kt o=1,2,...,A} {18)
is explained in [27,p. 215] and can be reproduced as follows. Let
* # .
Ky = {x: e} <k}, {19)

N
: u
be the set of multi-indexes of dimension H and length |x| = g l‘il-i A
i=1

o é d 2
First, delete from Ky the zero vector and any « whose first non-zerop ele-
ment is negative. Second, delcte any x whose clements have a common integ-

ral divisor. Third, arrange the » which remains into a sequence,

L4

Ky = {x,: a=1,2,... A} (20)

such that %1 spy. ..y are the elementary vectors and qu!* is non-

4

decreasing in ~. finally, define J to be the smallest positive integer with

Ky € (K, : 21,2, A% §=0,41,42,... 331 | (21)

One should expect that in applications it would suffice to truncate
at some K and fit the resulting expenditure system. How one goes about

choosing K depends on whether the problem is hypothesis testing or estimation
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(see Gallant (28], section 5). In general, K may be chosen according to
either a deterministic procedure--using for example some fixed rule--or an
adaptive rule--such as to increase K when a significance test rejects the

current model. In either event, consistency obtains (see EL Badwi, Gallant,

and Souza [18]). Also, note that A and J can be viewed as functions of K.

In the present study, we choose As6 and J=). The Fourier form for

these values is presented in the Appendix.
Differentiating (14) and applying Roy's Identity (10), the following

Fourier expenditure system is obtained for the househoid:

fi(x.a)
A J - » -> ' .
(xibi -a51 {u x7< +2 1:1 J{uju sin (Jzux)+vja cos (Jtax)]](iali) .
i A J
{bfx—qfl {u  x7x, +2 ifl j[uja sin (jx;x)+vja cos {jx;x)]}:;x) (22)

where i=1,2,...,N-1 and b"=-l {normalized). Three cost share equations (28)

form the basis for our empirical estimations. A convenient arrangement of

the parameters is obtained by setting

e‘o) " (b’ 'bZ'.‘.'bN-',). ]

9 -
(a) = ‘uoa’uln"lu’UZN'VZa""'UJa'vju) .
and
= (0] H 1 o ‘ 23
e (e(o)‘a(‘)'6(2),--..G(A,) '] ( )
which is & vector of length N-1 ¢ A{1+2J).

IV. Elasticities: Derivation and the Computation of the Standard Errors

When parameter estimates are in hand the quantities typically of in-

interest in a demand study may be ohtained. Ffor this paper the derivations
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of the elasticities are -“fected using Gallant's methods of computation

{Gallant (27]); we will show this in the present section as well as the

method for computing the standard errors of these elasticities. We wil)

show this with respect to the elasticity of substitution, because of its
importance, with the understanding that the other elasticities {and their
standard errors) can be obtained in the same way.
Define the price elasticity of the'ith demand q = q (P,M) with re-
spect to a change in P as '

n=Q" [(3/®°) q (P.)}P ,

(24)
whera q = q (P M) denotes the Marshallian demand system.
= (3/ax} gy (x)
vPg = {(3%7aex ) gy ()
P = diag (Py.P,,....Py) (25)
@ = diag {9),95....00y) ,
and the \ncbmé eiastiﬁitief are :
£ - Q" [(a/#) g (7)) M
* ' [(ar3p7) 4 (P0)] P (26)

in both {24} and (26), the following simpiification §s used Siﬁce we

are actually estimating the parameters of 9 {x)

(3/P") q (P, M) = (V)" [9%g - gx“v%g - (xvg) 4q°] | (27)
(3/aM) q (P,H) = - [(a/np') QP M)} x " (28)
Ihese are all eva1uated at the DOth X = P/M,

The AI}en partxai elast1cu£/ of substltutlon {AES) between two 1iquid
§ssets i-and 5 05+ €an be derived from an indirect utility function as
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[£,x,9,]9 LyX,9 LyX 9 L T X, 0y X 1
op = KKTHy o ATk WSk, Emekk ke (29)
94955 By 4 9 En*ndn

where 9 and gij denote elements of (3/9x) g (x) and (azlaxax‘) g (x), re-
spectively (Diewart [16]).

Given that the AES is of primary concern to this study, two points
must be emphasized. Firstly, as Gallant [1981, p. 221] drgues, "global
approximation to within arbitrary accuraéy of the elasticities of substitution |
appears to us to be a far more appealing property than equé]ity at a single
point." That is, if we let ”;j (x) correspond to the true indirect utility

function and let 04 iK (x) correspond to the Fourier function form, then

Gallant shows that for ¢ > o there is a K with
" :
' Oij (X) e Oin (X) l C e 8 all x . (30)

Secondly, El1-Badawi, Gallant, and Souza (18] show that if the Fourier flexible
form is'used with an estimation procedure ihat satisfies the identification
condition then consistent estimation of price, income, and substitution.
elasticities is possible. They conclude that if we let ;n {x) be an
elasticity of substitution computed from %n (xlén), if a*_(x) be compu;ed

from gﬂr (x), and if 1im Kn = w then

N roo

Vim Sup, B (x) - g (x) | =o. (31)

A similar result holds for other elasticities.

Generally speaking, estimating the consistency of the AES requires not
just approximating the true indirect utility function, but its first and

second derivatives as well. This is the key behind our choice of the

Fourier flexible form to fit the data for U.S. monetary assets. There is



16
more, however, ana to have economic inference of the AES, estimation of {ts

+symptotic s;andard errorvsy is afsé'rcquirnd; In the fotlowing, we explain

how one can obtain such estimates.

Recall the f1rst and second part1al derivatives of the Fourier form

(3/3x) gy (x)

A - : o ‘
T T B S [u sin (jeix) + v, cos (kX)) «_ , : (32)

a=1j=1 J

(3% fax e ) gy ix)

A ¥ J : . v By peoth £ i . .
7 R .2 : ] Pl - -‘_4 £ »
=;§] b # Z.j:}‘J _[uja cos (3zux) - Vi SN (Jxax)?} fﬁxa 4 (33)
ang let
= (87 . 0],..07 . S -y 34
s b g e N , (34)

ahere 0(0) and e(q) are defined before. Then a first and second order par-

tial are linear functions of the form

{&/Hxi} gy {xli) = 9.0 - L (35)

(3/axi3ﬁj) g, {x}0) = hij'ﬂ (36)

where g_, hij and B are vectors of Jength N - 1 + A {}+2J). Using the pre-

vious ngtation, an elastlicity of substitution and its derivative with re-

spect to 0 are
v - *54 W - ~‘ " e
T3 10) = T e (5] (o) (g;m)7" (g:0)°"
: L& v PO |
* i}KxK (nJK)] (QJB)
- ho 7 -]
[z’(xx (niK(' )] (gie)
+

U T 5t (RG] (o g7 (37)
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(3/30) 6 4 4 (8)

" [k g (hig® (9,’0)"‘ (gj‘")"
« T8 xy (9001 hig (g7)™" (gj0)”"
- L5 %y (9g®)] (hy38) (97002 () (gje)”"
- Lrgg (9] (5 (9j0)7" (g7 (g))
- (gx g (0j )] (g
+ (g (05,01 (g;0)7° (s})

- (5% (hg)] (g70)”"

¢ (5% (hg0)] (g50)72 (g])

5 . cnrad
+ [y B xg (N (Egx, {9703
- - gy =2 g -
-1z, o Xk (bkmﬂ)] (fx, 09,03} " (£ x.97) . {(38)

How, let 8 denote the seemingly unrelated regression computed as in the
next section., Its estimated varfance - covariance matrix is 2. Then an
estimate of the AES, %5 {(n) at 8 ,

Oy = %j (6) , (39)
and therefore, using the transformation method, its standard errors are com-
puted as

~ N - - -~ L ’

SE (aij) [a7807) %44 (0) @ (3/238) "15 ()] (40)
The same technique can be applied in a straightforward manner to the other
elasticities. .

Finally, using the parameter estimates obtained from the Fourier in-

direct utility function, one can verify the restrictions on the form of
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tﬁis indirect utility function as implications of the theory of utility-
maximization behavior; those restrictions are fér non-ﬁeqativ!ty. mono-
tonicity, ;nd curvatqre\(quasi-convekites). Ihé positivity and mono-
tonicity restrictions are checkeq by direct computation of the values of
the fitted demand funcfions and tﬁe gradient Qeﬁtor of the estimated in-
direct utility function, reépecti&ely. The curvature conditions are tes-
te& byQé;hmining-the compu ted (oij) matrixf This requirement implies that
the Allen-Uzawa elasticities of substitution provide a negative semi-
definite matrix of rank equal to at hos; {N -1-). Negative semi-definiteness
requires placing alternating sign rpstfictions‘Othhg first 8 - 1 principie
minors of the N~dimensibna1'matrix; A necessary, but not sufficient, re-
quirement of the curvature condition is that the own e]asticitiés.pf sub-
stitution must 511 be non-positive. |

V. Fconometric Estimation, Hypothesis Testing, and Data Estimation

The market expenditure share eqdations of any N monetary asseis demand
equations are given by equation (22). The observed shares are assumed to
deviate from the "true" shares by an additive disturbance term, ui(t) :
that is assumed to be due to errors in the utility maximizing process
or in aggregation over either asséts Or consumers.

The system of direct Fourier expenditure share equations can be re-

th

written for the i~ equation as

Sigey = Fi Aoy P40 s . (a)

-

i=]'2,---'N
t=1,2,...,n

Here the inputs xi(t) are the exogeneous variables in the iih equation, 91

represents the vector of unknown parameters mentioned above. and U (t) is a
A i t

random disturbance term which will be defined below. More compactly, the

system can be written as
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= o ,
Se) ® Fro) () * ¥y » (42)
in which the error is sbecified ds—(&)

= 1)
and R = {Rij} is an HxN matrix of unknown parameters. e {t) is assumed to
be distributed normally, independent of the exogeneous variables. Further-
more, it is assumed that

E ((e (t))3 =0 ) (‘4)
: : E for s=t
Eleiye )=
0 for s#t
where I is an NxN symmeiric and positive definite matrix. Herev (t) is a
vector that is assumed to follow a first order autoregressive procéssgﬁifh
E (u(t)) =0
£ (u(t),u(t)) = Q= £j=0 R} e (t-j) ' (45)
where Qij is the NxN covariance matrix E {uiuj). This specification allows .
both contemporanecus and non-contemporaneous disturbance terms to be
correlated.

Since the expenditure shares Si (t) by definition sum to unity at
; N

each observation, it follows that £ u. ,
1=] 1 \t)

tems of equaticns having this property are “singular systems”. In general,

= 0 at each observation. Sys-

some constraints must be placed on the form of Q if it is to be estimated.
Indeed in a singular system with autocorrelation, the adding up property
of the share equations imposes additional restrictions on the serial

correlation parameters {Berndt and Savin {8)). When these 2dditional
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restrtcttons‘are not -poscd any estination and any hypothesls testlnq are
conditional on the eQUat\on de\eted In the present study, to overcome
this problem, the autqregressive coeffigven;s {Rij} have been restricted to
be equal across’equations; that is, the P - 2 = 1199 {Rll. 22 3) in

which R‘! = Rzz = 333 =

Using the Iterative Non-linear Seemingly Unrelated Regression (INSUR-
. Gallant [1975]) method to estimate (O, R) simultaneously produces fhe
following final model is used, {9) |

(1 - R.z) - “ - R ) f (X(t) 2) = ei{t)’ t=]

S{(t) - KS{(gri)“-’fii(i(t)'I’ei‘+ ﬁfi}{x(t-i) | 2) = éi(?)
- P o F O

In the actual estimétion, one shafé equétibn is arbitrarily dropped, énd a
truncated disturbance covariance matrix I is used. In the'present study,
we assume that the third equation is the deleted one in ail emﬁirica?
investigations. The INSUR method is invariant with respect to the eguation

to be deleted when the presented autoregressive'coefficient is constrained

(as in our case); verification of such an argumeﬁt may be found in Tibibian

{37].
Hypothesis Testing

To insure the consistency of the ?ourier indirect utility function with
the underlying theory, the parameters have to satisfy some restrictions.
Equality and symmetry restrictions, in a Fourier indirect utiiity function,
are examples of such restrictions. Using the Fourier functional form, one

can argue that tests of symmetry and equality that are asymptoticaily free of

(46)
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specification bias can be constructed. In such a case, a significant test
. g¢tatistic can thus be attributed to violation of symmetry and equality
rather than specification bias (see Gatlant [27}. Section 7]).
Following Gallant [27], a test of symmetry and equality may be con-

structed as follows

fy (x}el}
Yy 1%y
f (Xgal;ez,...‘,en-‘) x (47) ;

oy (x18y.1)

b i
where the f. (x,8) terms will be recognized as the share of the jth mone tar y

asset, 1If 8, is the same in all edbut1ons, then

£ {x8y.8,,...,8, 1) = f (x,0) , (48)
and heace the restriction

B2 8, % ... = By o (49)

represents the nul) hypothesis of equality and symmetry.
In the present study, because we use the INSUR method of estimation,
in which the estimated variance-covariance matrix is held fixed in both

constrained and unconstrained estimates, the Souza-Gailant [36] test statis-

tic has been used, Further, with the variance-covariance matrix held fixed

in both the restricted and the unprestricted estimations,

test statistic as

one can write the
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=2 in\ = 2 Lnl.u- Z‘Inl.’,

N la el .n Lo i ;
- It.‘ et I Qt ‘- ’.‘-‘ Qtf et ’ (50)

in which ¢ a5d r refer to the unrestricted and restricted cases, resbecf
tively, and e and & afe thé residuals vectors for fhe null hypothesis and

the alternative hypothesis, respectively. This test statistic is distributeﬂ
asymptotically as chi-square with degrees of fregdomrequal to the number of
independent par;metef“restfictions (sée SoﬁzaQGallant (36]).

Jata

The data that are used in the curreat study were provided by official
sources at the Federal ReServe Boaid. Most of fhe -available data (domestic
data) were monthly and, therefore, have been converted to average gquarterly
.data for our use [1969 1-1979 IV]; foreign data and GNP were quarterly,
The interest rate on money narrowly defined {M1) is the implicit interest
rate that was constructed by B. Klein {32] and updated by Offenbacher [34].
Klein's data were annual and hence are interpolated (after updating} into
monthiy by Offenbacher using the method proposed by Chow and Lin [13] for
the construction of time series by related seriesflo)

A number of specific points regarding the construction of the data
should be made. First, a series on the U.S. population that was provided .
by FRB was used to derive a per capita calculation. Second, Rt’ the bench-
mark which is also used as the discount rate required in the construction
of the rental rate in equation (3); was chosen to be the highest interest
rate series derived from all available interest ratesﬂ“) Third, for es-
timating purposes, it has been argued that when 3 Fourier flexible form

is used the scaling of the data is important (in Gallant (27]), (28], and
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E1 Badawy, Gallant, and‘Souza [18)). A Fourier series is a perfodic function
in each of its arguments and-an indirect utility fuaction is not. A Fourier
series approximation of the true indirect utility function can be nade as
accurate as desired on a region which is completely within the cube

o (0,2 w]. This can_be done by rescaling the inc me normalized prices to
i=1 .
fall between 0 and 2 = such that the rescaled prices satisfy
o<x§<x"‘<2i o ' {s1)
In this study, hoaever,,the data are‘SEaIed s0 that (12)
max {x,,.:

jef th2.n) =6, 1,23 . (52)

¥i. Empirical Results

In what follows we will be pursufng'a dual objective. On ihe.one hand
we wish to pr@wide a8 convincing demonstration of Lﬁéiéséfu%ness of the
Fourier functional form on a standard set of data and én the other we wish
to contribute ta'the dabate over actual "monetary substitutability® in the
United States; the latter is obvicusly of concern in the conduct of Americad
monetary policy. The comparisons will be between old M {equal to currency
plus demand deposits) and various measures of time and savings deﬁesits at
commercial and at sa#%ngs banks. The comparisons will be to the Offenbacher
{38], Barnett [23, and Eﬁistigher [20] papers with the understanding
that a considerable earlier literature exists {and is documented in these
Studies) and has not succeeded in settling the question of the degree of
substitution.

In our theoretica) work in earlier sections of'this paper we emphasized
three aspects of our approach while providing the hope for some improvement.

Firstly, and most importantly, the Fourier flexible form is a newly proposed
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form which pfovidesl§'CUnsiutuﬁt:meLHOd of eattauting the AES. Secondly, by
provfding estimates ‘of the standard errors of the AES we are able to make
Judgments as to the statistlcal significance of our measure of. substitutability.
Thirdly, we will present rstamates of the ALS .and its asymptotlc standard
errors over the ‘nt1re‘sampﬁe period. This will enable us to address the
quastton of whether. or naL the AES is constant over time; if it is not (and
it generai1y is not), then the freguent po1nt estwmates of’;ubst itutabi ity
one sees in the literature are certainly misleading. Indeed, as we shall
see, some dramatic things have been ha?gening to the AES in recent years,

at least as revealed by our- approach.

¥i.1 Money and Near___ggx

In order to gain a quick iﬁpression of the nature of ocur resuits
reference c0u1d.be made to Figures (1) and (2), below; these exhibit the
behavior of the AES between M1 and savings and time deposits in commercial
banks (in F}gure (1)) or in savingé and loan banks (Figure (2)). As claimed,
the AES is not constant in these cases and, indeed changes quite sharply,
especially at the end of the 43 quarter series!‘J) Complete tabular detail
for these results would be at the expense of other interesting cases, and so
we forbear; Table (1), though, presents the estimates of the Aks for the two
tests for three calendar quarterﬁ of the sample .for 5979 (for commercial
banks) and for 1978 (for S&Ls). Note that the numbers in parentheses are
asympto@ic standard errors. Also note that both these tests pass the test
for equality and symmetryﬁ]4)

For the relation between M1 and savings deposits in commercial banks we

note that starting in Tate 1975 (Quarter #28) an essentially indeterminate

relatfon turns to one of mild and then significantly strong substitutability
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(in 1979); the figure shows how sharp this change s, and the table confirms
the statistical significance. M1 and time deposits in commercial banks show
an opposite pattern (1n¢ﬁ3 ). ending up with a fairly strong (and significant)
complementarity in 1979, Far-wz3 --measuring the AES betweer savings and time
‘deposits at commercial banks--we find, as expected, significant substituta-
'bifiQy throughout the period with a sharp increase in 1979. One can conjecture
that the institutional changes in the United gtates--iuvolving automatic
transfers, MOW accounts, and a changed style of nonethry policy under Federal
Reserve Chairman Paul Volcker--have brought dramatic changes in the definition
of, for example, money. :

For the second part of Table (1) and for Figure (2) we note that M1 and
saviﬁgs deposits at SM.s suddenly turn from a complementarity to a substituta-
bility relation; again, this is probably on account of increased ease of
traésferability of these funds {or on account of the volatility of iaterest
rates). Mi and time deposits in S4.s remain substitutes throughout, although
not without some minor fluctuetion. For the AES between time and savings
deposits 2t Sals we find that as with ceemercial banks, these two types of
accounts are significantly close substétakes; indeed, this substitution
is sharply increzsing at-the end 55 the period.

Looking across the two sets of results we note that while M1 and 50CB
are substitutes {on average), M1 and SDSL are complements; similarly, M1 and
TDCB are complements while M1 and TDSL are substitutes. In the Ewis-Fisher
paper referred to above, the possibility of "institutional loyalty®™ among
small savers was postulated to help explain a similar sort of result; in any
event when money is included in the aggregate, summation across all of these

liquid assets (to produce an old M3) would not produce a satisfactory 2ggregate,
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Table 1: . Estimates of the AES for Money and Near Monies
TTTT US Data, 1969-1979*

2 %3 s
a. Mi-SDCB-TDCB
1979(2) .2690 -.2751 .8524
‘ (.1147) (.0958) (.1393)
1979(3) ".3135  -.2940 .949)
(.1287) °~ {(.1103) {.1549)
1979(4) .5078 - -.4350 1.2648
_ (.1878) (.1593) (.2057)
b. M1-SDSL-SDSL |
1978(1) -.3460 1302 .3064
(.1748) (.0590) (.1840)
1978(2) -.3676 1112 .3068 I
, (.1690) (.0648) (.1838)
1978(3)  -.3905 1714 .4919
(.1782) (.0529) (.1283)

*numbers in parentheses are asymptotic standard errors.

a priori. Note, especially, that SDCB and TDCB are close substitutes--as are

. SDSC and TOSL--2 pattern which 15 consistent with the institutional Toyaity

hypothesis. These results also confirm Barnett's findings.

Vi. 11. Substitutability amonqg Savings and Time Deposits

Foliowing Barnett, a natural extension of the foregoing is te inquire
into the relationships among "like assets” both withiﬁ and across institutions.
Since we have conStrained ourselves to a three asset framewori, 3 natural way
to proceed is to find some sther asset, less "like,” in order to test the
robustness of the Tikeness. In Figure {3) we show a comparison between
SOCB and SDSL. designed to show "across institutions” substitution; thus
P shows substitution from SBls to commercial banks and the comparison with

a third asset--savings bonds--in Sy 4 and ipy=-5how a remarkably similar



28

(and generally pomplementary) pattern. We note, however, that there is a
sudden and sharp switch to complementarity between SOCB and SDSL at the -
end Of ‘the period. The results for the large dips in 013 and 0,4 are given
in Table (2). These show how.close these estimates are and how little this
affécts'o‘z; EVIdentTy’“wnst1tutiona1 loyalty" is not as strong as the
resﬁlts of Sectienlv1.l:suggested, a]though, to be sure, within-institution
substitutability is greater than across-institution substitutability (for

savings accounts).

THE BEHAVIOR OF AES
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Table (2) The elasticities of substitution between

SOCB, SDSL, S8+
M} 13 923

1972(1) 6218 -1.0433  -1.147
(.2699) (.4807) (.7027)

1972(2) 5415 -1.2268  -1.429)
’ (.2671) (.5539) (.8021)
1972(3) .5417 -1.375)  -1.6297
(.27714) (.61866) (.8765)

1972(4) .5576 . =1.6176 -1.9400
(.3092) {.7609) (1.0640)

“Asymptotic standard errors in parentheses.

A second "like asset” comparison--with the same ratfonale--is between

SaLs’ (STDSL) and commercial banks' (STDCB) time deposits; the control asset

in this case {s short term Treasury securities (STTS). Figure (4) shows
| that for time deposits, agéin. the "1ike assets” are substitutes and, evea,
increasingly so, at the end of the period. Again there is a close--but not
as close as Figure {3)--relation between each of the "like" assets and the
control variable; we canclude again that "like assets” are substitutes across
institutfons. Agafn we note that across-institution substitution is less

than within-fnstitution as suggested by our "institutiona) loyalty" hypothe-

$15.

Overall, these two tests have established that across financial
institutions savings deposits are substitutes and, separately, that time
deposits are substitutes aceoss institutions, Since they were seen to be
close substitutes within the institution in Section Y1.1. this seems to
dispose of the matter; institutiona) loyalty, so far as these tests are
Concerned, secms to be in the value of the AES; it does not here produce the

exceptions noted in the Ewis-Fisher [20] test. Again Barnett's conclusions
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concerning the relative magnitude of the AES among similar assets across
institutions is confirmed. We note, again, that symmetry and equaiity

(15)

restrictions were accepted in both tests.

VI.III: Disaggregation of the Money Stock

The Tast empirical question tackled in this paper concerns an issue
raised by Offenbacher [34] concerning the within-M1. substitution. Offen-
bacher could not confirm that currency and demand deposits were close sub-

stitutes; fndeed, he found that

Sor * °co * Yer

30

(53)
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and that Oct actually showed complementarity. Time deposits operate as the

control asset here, of course, and in Figure (5) and Table (5) we report the

results; the Tatter are representative ones plucked from the entire set (at

the more dramatic turming points).

Table (5) the elasticity of substitution between

DD, CUE, TDCB

1970(2)
1972(2)
1973{2)

1975(2}

Y2 %3 ‘ 923
.149G .3730 1945
(.0535) (.2192) (.0656)
1129 -.5312 1692
(.0360) (.3047) (.0500)
1417 .4498 .2017
(.0551) (.2201) (.0658)
.0284 -.9332 - 1235
(.0435) (.2433) (.0586)

THE BEHAVIOR OF AES
bD CUR STDCB

- taee 19
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The relationship betwern aurrency and bank demand deposits 15 one of

substitution, in general--and is significantly ¢p--but 1t 15 not as strong 2
one a3 we have found (for erample) among the savings sssets. Similarly,
Currency and time deposits show a stable substitutability relation over
time. On the other hand, demand deposits and tLime deposits at commercia)
banks are usually complements but are sometimes even substitutes--as, for
example, in the second quarter of 1973. This s certainly disconcerting
for the use of M2 as 2 "control” variable in noﬁctary policy; we will
comment on M1 in a moment, but for now we underscore the low substitutica.
For savings deposits at commercial banks we repeat the testi, 23
described in Figure (6) and Table (6). Demand deposits and curreacy and
currency and savings deposits are again (mildly) significant substitules

in this test (we compare the same dates in Tables (5) and {6)}, and again,

Table (6) The Llasticity of Substitution Between

DD, CUR, SDCB
%2 %13 RrX |
1570(2) 2410 . 7958 4328
(.1039) {.2265) (.1538)
1972(2) 1782 -.0203 RELT
(.0774) {.2887) (.1286)
1973(2) 2N2 .6101 L4338
(.0968) (.2604) (.1521)
1975(2) 1742 -, 5850 . 2004
- (.0904) (.027) (.1803%)

—

demand deposits and savings deposits fluctuate over time, switching from
complementarity to substitutability. On net, In this case, they are
substitutes, though, if a net figure makes much sense in view of what appears
In Figure (6). M any case in both tests a condition 1aid down by
Offenbacher--that 1f M1 is to be a successful aggregate then the
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substitution between currency and demand deposits should be stronger than
that between currency and any other asset--is generally not met in both
Table (5) and Table (6). That \s, aep 15 generally not the highest positive
measure of the AEs in the two tables!1®) Again we note that the symmetry

L By
and equality restrictions are not reJected! R

YII. Conclusions

lﬁlthii Plbcr we have argued that by using the Fourier flexible fumctional
form we are able to obtain consistent estimates of the AES. The technique
employed also permits us tb calculate the AES'over time and, of equal im-
Portnnc‘. to obtain estimates of the standard errors for each of the esti-

mates of the AES. This is particularly. useful, as it turns out, in view



of the apparent instabi ity of the U.S. demand for money and has enabled us
Lo present an empirical contribution te the demand-for-money/definition of
money debate.

In general the Fourier method permitted acceptance of the important
symmetry and equality conditions of consumer demand theory; this is a global
property of the Fourier funciional form and comparison with our earlier (and
much less successful) work with 3 Translog {Ti) model on the same data
2ccounts for the mzin advantage of iie Fourier modei. On the other hand,
while both mon-negativity and monctonicity held globally, the necessary
and sufficient curvature conditions do not always hold in our experiments
(they did in the TL test, houever}!18} It is difficult tc draw an overall
conciusion on the value of the Foﬁriér Flexible form for modeling the consumer S
wehavior on the bzsis of our evidence alone. The most resonablie sumsmary,
however, would suggest that this form is quite viable, offering estimates
nf AES with considerable precision.

Jurning to our explicit Eﬂ?iriéal resuits the most important finding, ¥
reel, is that the AES estimaies are detided]} non-constant over time, eved
panging from (e.g.) complementarity to substitutability on occasion. Ther®
are, indeed, strbng cyclical patterns noticable 5nd there appears td be a
«endency for'the monetzry innovations of the late 1970s to contribute to
‘he instability of the AES. :

An important fmplication is that the popular monetary aggregates
constructed as simple sum of money components should be redefined as

velghted sum aggregates of those components. The weights should not be

constant over time as long 25 the substitutability relationships are not

Any aggregation that is based (either implicitly or explicitly)

constant. .
produce sha%y

on a constant AES or an AES calculated at a single point may well
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support for American monetary policy since it does not internalize the

substitutability over the entire peried. On theoretical grounds these
difficulties are well known and so we offer this result as an empirical
confirmation of ar already identified problém.

More explicitly, we found that our detailed results confirmed most of
Barnett's and Of fenbacher's work on "monetary substitutability;" indeed,
our "institutional loyalty" hypothesis also fared well, although not in
as strong 2 form as appeared to be the case in our earlier TL uork,(]g)
In the present tests M1 is either a substitute or 3 complement with time and
savings deposits, depending on whether one is referring to commercial banks or
Stls and "like assets" both in comparison with M and separately, with other

"less 1ike" assets appear to be strong substitutes. This confirms Barnett's

findings in favor of “"nested like assets.” Similarly, Offenbacher's result

concerning the effect of the disaggregation of M1 is confirmed in that sub-
stitutability betéeen currency and depesits is surprisingly Yow and Tower

than the substitutability between these components of M1 and at least one
other asset (either savings deposits or time deposits). This raises a seri-
Qus question about the suitability of even M1 for monetary coptro\ and cer-
tainly suggests that further work is needed .on. this important issue. Findlly
we have noted again that across-institution elasticities of substitution are
generally lower (fnr the same categories of assets) than within-institution

e!asticitigs. as if customers have a certain amount of “institutional loyalty"
in the aggregate. .



VI1. Appendiy

It is argued that the truncated versions of the Fourier form
(Gallant [27))are tractable for testing hypothesis and in yiclding
accurate and concistent estimate of the elasticities of substitution.
The problem, then, is to choose specific value for K; the choice depends
on whether the problem is hypothesis testing or estimation (see [18],

[27].-and (28, section 5]).

In the present study, however, we choose A=6 and J=1. The Fourier

form for these values is simplified as

Y
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Footnotes 3

*Ne are grateful to A, Ronald Gallant for his help in fitting the

Fourier demand system and for his cowments on a earlier draft of this paper.
ATl rematining errors are, of course, our responsibility.

(N

(2}

(3)

(4)
(5)

(6)

There is o rapfd growing literature following the same lines of
Barnenzgzl. Because of space limitation the reader is referred to

(3), (4], 15), (6], and (7).

The existence of 2 "representative consumer® requires twec sets of
assumptions: (1) Gorman's conditions of Linear Engel curves that
are parallel across consumers and (2) rationality of individua)l
Consumers. While the present study tests for condition (2) given
(1) as the maintained hypothesis, it would be also interesting to
test for the reverse. Discussion of this point is in [3, p. 220-

See, for example, Christensen et. al. [14], Gallant [27], and
Wales [38].

But see below, footnote (19) in the empirical section.

Standard errors for the estimated elasticities of substitution are
fairly easy to obtain using the translog flexible form (for exampie}.
when we impose the linear homogeneous assumption (as in Of feabacher's
model [34]). In this case

= - 8..75.5
qij T B"J S)Jj ¥

and hence its asymptotic standard ervor is

SE (0,.) = ((1/5.5.)% var (sun*

L LN

These standard errors are based on the assumption that the cost shares
are nonstochastic., It is known that such a specification contradicts
the assumptions used in estimating the model, but 1t has been arqued
(Binswanger [9], Humphrey and Moroney [30]) that these relations hold
asymptotically. Evaluating the statistics at the mean cost share value:
and trealing them as estimates of the central tendency of the
distribution might serve to reduce the error in the approximating
Standard errors, This point is made by Dennis and Smith [15, p. 804),
although Offenbacher does not use this rationale.

For a fairly comprehensive household maximization problem the reader
Is referred to Barnett's work in [1], [2], and [3, Chap. 7] and to
the Ewis-Fisher work in [14]. The latter is based on Barmett's
theoretical work. However, they differ in using assumptions and/or
theorems to retreat to a single period optimization problem with
financial assets only, in the objective function. Barnett acquired

a current period utility function by assuming intertemporal” weak
separability; the latter assumption is needed to get a current perfod
utility function depending only upon current period quantities and
hence the theory behind superlative or Divisia quantity aggregates 1s

_applicable. Ewis-Fisher [14] -- ip contrast -- use Hadar's collap-

Tsibility theqrem to acquire a current period utility function. This
's not appropirate when index number theory is to be used to



(7

(8}

(9}

()
(12)

(13)

construct & monetary agoregate; this is not the purpose of the
their study.

The simple construction of such a form for the renta) rate was
derived first by B. Kletn as [P, = R "itl and has been wsed by
many researchers (e.g. Offenbac‘lr [35)). Construction of 2n
extension is by Donovan [17] although the theoretica! derivation
in this case is by W. Barnett [1]. This form was
R,-r

« P : "1t
t : 1+R

t ud
is used by Ewis-Fisher [30]. A1l these forms are connected to each
other since they are independent of Pt or (1+R,).

Py where Pt is a price index. A similar form

In testing for the serial independence of each u ,--in an early stage--
the Durbin-Watson test reveals that the hypothes‘s of serial independ-
ence among the ordinary least squares residvals in each U, was rejec-
ted sharply. A possible explanation for these rejections may be that
the elements of these individual equation residual vector are genera-
ted by & first-order autoregressive scheme, as is assumed above.

Later estimates of the nonlinear equations system reveal high auto-
correlation coefficients.

The algorithw and computer progrdam used in the estimation of the model
are developed by Gallant [26]. Using the INSUR method te estimate
{e,, R} simultanecusly enables us to consider the autoregressive spec-
1f1cation,in all iterative processes as well 3s I. in this process,
one starts with an estimated value of R and minimizes the sum of
squares by the choice of 8. The next step is to minimize the sum of
squares by the choice of R for this B.  This process continues until
estimators & and U are obtained that do not significantly differ from
those obtained on the previous step.

For more discuscion of the construction of such implicit interest
retes the reader is referred to Offenbacher [38]. The implicit in-
terest rate that is used in the present study is the full competitiv
fnterest rate. The flavor of the debate of usipg suct implicit
interest rate may be found in [22) and [23].

More detail about the dats can be found in N. Barnett {3, Chap. 7].
To do so, we simply use the following formula

* ‘ )
X * [6/max !xit)] X4y A L TR

g £51,2,..0,0
N Xjp 15 the rescaled normalized price. :

The data was for 44 quarters starting in 1969 and ruaning te 1979 IV.
Because of the treatment of the autorearessive specification, one -
observatfon is Yost.



(14) The computed value of the test statistic for equality and synmetry
for the results reported in Figure (1) 15

L »B83.68 -51.72 + 31,96

which is not significant at a level of 1%. For the Figure (Z) the
test statistic is

L »82.19 - 44,4 = 37,79
which 1s significant at a lavel of 1%, but not at .001.

(15} For the first test, the computed value of the statistic for equality
and symmetry fis

L =875 -48.8+ 34.9

which is not significant at a level of .005. For the second test the
statistic is

L = 85.17 - §5.21 = 29.96
which is not significant at a level of .025.

(16) Unfortunately, Offenbacher estimates the substitutability relationships
according to incorrect derivation of AES as
B ¥
ai =1 - —iL_ ’1‘-'j
b .
S‘Sj

while the correct derivation is

B
o l]-}-—!—l—-_ iij
1 g5, i
LA
Having his estimates of'u and B

and therefore his main coAJlusion

i one is able to get the correct AES
should be written as

-based upon correct derivations--

>0

°%t1 > %p ” %p1

and all assets are noticed to be substitutes.

Fortunately, our
findings tend o confirm his corrected conclusi :

oﬂ.

(17) The equality and symmetry restrictions for both tests cannot be
~ rejected.  For the -

s first test, the computed value of the test statistic

L= 80.66 - 52.69 = 27.97



(18)

(19)

4)

which is not significant ata levelof .025. For the second test the
statistic is

L = 65.43 - 37.54 = 27.89
which is not significant at a level of .025.

It might be more approprizte to test directly for the curvature
condition and hence impose ft. It is not clear, however, how to
impose the weaker of the two convexity restrictions. Hopefully,
further work will produce Fortran Code which will allow one to
impose the restriction of quasi-convexity. : '

in the earlier Ewis-Fisher [20] paper a variable which was successfully
included was for “foreign assets™ (in the demand for money). We

made a number of experiments with foreign assets but were unable to
cbtain convergence. Two factors seem involved, as near 23s we can -
teli: {1) there is a high degree of auto-correlation in the tested
equations and {2} the share of the foreign assets in total asset
holdings is just too low TOr a precise estimate to be effected.

In both papers the foreign assets variable was U. S. nondirect private
claims on foreigners and the corresponding interest rate was 2

four country weighted average of a2 three-month interest rate

(from the FRB Multi-Country Model Data Base).
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