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CHAPTER -1

INTRODUCTION, OBJECTIVES AND SCOPE OF THE
STUDY

*.....the problems with tests of momey in the economy in recent years may be more due to

bad measurement theory rather than to an instability in the Iink between the true money
and the economy. Rather than a problem associated with the Lucas critique, it could
instead be a problem stemming frem the "Barnett critique™

Chrystal K A and R MacDonald(1994) p 76

1.0. INTRODUCTION *

The conventional simple sum procedure to monetary aggregates, practised by
almost all the central banks today; assumes perfect substitutability among the component
monctary assets This assurnption #s unrealistic especially when there is ample evidence on
imperfect substitution among cbmponent monetary assets  Simple sum monetary
aggregates, therefore, fail to agcount for substitution effects whenever there 1s a
fluctuation 1n the relative pnces of different monetary assets The microeconomic theory
of monctary aggregation(Barnett(1980, 1982, 1987, 1992)) questions the very basis of
simple sum scheme 1n terms of the latter’s weak theoretical foundation  Integrating
economic aggregation theory, staustical index number theory and monetary theory the
microeconomuc theory of monetary aggregation successfully arcumvents the problems
inherent mn the simple sum scherfie and suggests Divisia mooetary senvices indices as
powerful alternatives to sumple sila monetary aggregates One interesung feature of the
Divisia monetary services mdices fies in its ability to capture the entire hiquidity services
from the available spectrum of mimnetary assets by assigning weights(user cost evaluated
expenditure shares) to different atsets according to their degree of contribution to the



monetary service flow of the economy. The convincing theoretical basis of these indices
which has an intuitive appeal, has invited the attention of many monetary economists all

over the world.

1.1. WHY MONETARY AGGREGATION?

The debate on "What 1s money of standard macroeconomics 7" started with the
advocates of the theoretical approach school who emphasised on a particular function of
money and accordingly 1dentified the real world entities to be called "money™ Prominent
among the advocates include Fisher(1911), Yeager(1968), Johnson(1971), and
Tobin(1980) Though the medium of exchange function of money was given unversal
importance, the disagreement still continued due to the different emphases put forth by
different authors on functions of money The ambiguities inherent n this school of
thought coupled with emergence of additional money market instruments possessing
money like charactenstics gave a different angle to the debate wherein monetary
economusts started looking for an empincally 1denufiable money The 1dea was to evolve
certain policy cntena on the basis of which one could quantify the total money stock in the
economy In thus context one may refer to the Fnedman-Meiselman dual entena(1963)
and the stable money demand function cntenz(Rose(1985), Gordon(1984)) etc, The
Radchffe commttee in the United Kingdom and Gurley and Shaw in the United States
pownted out the difficulties 1n drawing a Line between money and other money Like assets
consudenng them close subsututes of money However, 1n 2 later period, studies by
Chetny(1969), Boughton(1931) and Husted-Rush(1984) evidenced empincally low
substmnon between money and money like substiitutes  Thus no empincal critenion could

provide a unuque definmon of money



There was no controversy when monetary assets did not yield any interest viz | the
services rendered by them were purely transactions services. As a result they could be
added together as simple sums. However, with the emergence of more and more interest
bearing assets it became difficult to disentangle the transactions services from the
investment services rendered by these assets The investment characteristic of the assets
featured as the main reason for compositional shifts in an individual’s assets portfolio
because with an increase in the rate of return on other assets opportunity cost of holding
money also mcreased This gave nse to an occasion for monetary aggregation
Barnett's(1978) denvation of a formula for the price of money, the user cost, paved the
way for applying index number theory to aggregate over different financial assets
Bamett's(1980, 1982, 1987, ) aggregation theoretic results combined with advances in
statistical index number theory(Diwert(1976), Hulten(1973)) provided a convincing basis
for the now popular monetary services indices such as the Divisia monetary services
indices and the Fisher Ideal monetary services indices Following this Jugh road of
rescarch tn monetary economics(Bamnett(1997)) researchers from many countries have
focused on the relative empincal performance of these new monetary aggregates against
the commonly adopted simple sum aggregates in explainung real activity in the economy
Though evidences in general have been muxed 1n nature, Divisia monetary aggregates have
been found to have a clear edge against their sum counterparts In fact, central banks such
as the Bank of England and the Federal Reserve Bank of St Louts have started pubhishing
Divisia money stock measures on a regular bas:s for momtonng therr statistical behaviour

along with the official ssmple sum aggregates

In view of these index theoretic developments on monetary aggreganon in
monetary econorucs bterature and m the wake of the ensuing financal mnnovations 1n
Indian money market 1 must be rewarding anempt to make a case for the above
mentioned aggregation theoretic monetary aggregates in the Indian context  Though few
studies in the past (see Subrahmanyam and Swami(1991, 1994), Ramachandran(1993))



examined the relevance of these aggregates for India, the present study endeavours a
reexamination of the whole issue in a renewed context The present study differs form the
carlier ones in three important respects wiz., (1) in applying Vanan's(1983) non-parametric
test for testing weak separability ,and (i) in constructing Rotemberg's Currency equivalent
monctary aggregates for the first time in the Indian context and finally discovering some
new groupings with certificate of deposit as an additional asset  Accordingly, the

objectives of the present study are formulated as follows

1.2. OBJECTIVES

() To re-examine the performance of Divisia monetary aggregates, following

Barnett's(1982) three stage procedure for selection of optimal monetary aggregates

(1) To test the validity of currency equivalent monetary aggregate onginally
conceived by Hutt(1963) and later developed by Rotemberg er al (1995) as an

alternative to the broadest Indian money supply measure viz M4

(1) To explore the feasibility of including some new assets ihe certificate of deposit

in the existing monetary aggregates and study the properues of those aggregates

(1v) To make a companson of the performance of Dinisia monetary aggregates and

thetr smple sum counterparts

(v) To analyse the imphcauons of these aggregauon theorenc results for the

emerging money market in India



1.3. METHODOLOGY

The study spans over a period 1970 to 1996 for annual observations and from
1985 04 to 1996-09 for monthly observations. The ratiocnale behind the choice of these
time periods lies m the fact that the data set for these periods rationalised a well behaved
utility function Both for annual and monthly expeniments four monetary assets namely
currency with the public(CU), net demand deposits(DD ) and net time deposits(TD) with
all commercial and co-operative banks and saving deposits with post offices (PD) have
been considered For the perniod 1994 04 - 1996 07, a new asset called ceruficates of
deposits has also been included 1n the analysis The number of observations is constrained

due to the availability of the data on this asset as it was introduced only in June 1989

The first and foremost task of thus study has been to identify some weakly
separable groups Assuming real goods and services and leisure to be separable from
monetary assets, the study investigates for separable monetary groups In this context
Vanan's(1983) nonparametnic methodology has been employed for testing weak
separability of a set of hypothesised monetary component groupings The hypothesization
follows Bamnett's recursiveness condiion and hence considers currency as a common

component 1n all the utility structures

In the second step, Divisia monetary aggregates are constructed along with their
sumple sum counterparts over the identified separable groups A new class of monetary
aggregates called Currency Equivalent Monetary Aggregates(CEMAs) proposed and
anatysed by Rotemberg er al are also constructed for the first time in the Indian context

A smple informauon content test based on R? has been employed to test the
informanion contamed in these aggregates The goal vanables considered include GDP,
Price(WPI), and Index of Industrial Production(TIP) as proxy for the monthly mcome



measure. The Davidson and Mackinnon(1981) J-test for non nested hypothesis is

conducted to test Divisia versus sum aggregates in explaming a particular goal vaniable.

The supenority of a new monetary aggregate m relation to the conventional
aggregates may be examined by testing for its stability in the demand for money
framework For this purpose simple money demand equations involving these monetary
aggregates are formulated and therr stability i1s examined by the CUSUM squares plot
(Brown, Durbin and Evans(1975)) For monthly specifications the Johansen-
Juselus(1990) multivanate cointegration framework is also employed to study the long
run equilibrum relationships underlying the money demand relationships Before going
for cointegration as a prerequisite unit root tests have been conducted to check the

stationarity properties of all relevant macroeconomic time senes

1.4. ORGANISATION OF THE STUDY

The rest of the study is organised into five chapters Chapter 1I presents a crnitical
survey of vanous issues in monetary aggregation Sections 2 1 and 2 2 discuss the basic
tenets of the theoretical and empincal approaches to money definition respectinely The
approaches to weighted monetary aggregates are surveyed in section 23 A cntical
ervaluanon of all the approaches is attempted 1n secion 24 Section 2 5 presents a review
of some major evidences relating to the above approaches  Studies focusing on finanaal
mnovations and Divista monetary aggregates are presented in section 26 Money
defimmuon 1n the Indian context s reviewed 1n the last secuon  Here, the official money

stock measures as well as indnvidual research efforts towards an appropnate measure of

money for India are crincally evaluated



Chapter III searches for some theoretically admissible groups of monetary assets
by way of testing their weak separability from the rest of the assets. Following a brief
introduction, section 3.1 elaborates the concept of weak separability Section 3 2 presents
different methods of testing weak separability with a greater emphasis on Vanan's(1983)
non parametric approach to testing weak separability. This section zlso reviews some
important previous studies which have employed this method for armving at certain
separable groupings Section 3.3 introduces the nature of the present study followed by
description of data categonies in section 34  Results of the non-parametric weak

separability test are presented in section 3 5 and section 3 6 offers some concluding

remarks

The relative performance of Divisia versus simple sum monetary aggregates 1s
examuned in Chapter IV Section 4 1 presents results from annual data spanrung over the
penod 1970-1996 whereas monthly results from 1985 04 to 1996 09 are discussed in
section 4 2 Section 4 3 summarnses the results of some new aggregates(both Divisia and
Sum) consisting of ke Certificate of deposit(CD) as an additional asset for the very recent
sample 1994 04-1996 07 for which data on CD are available Some concluding remarks

are offered 1n section 4 4

A new monetary aggregate called the Currency equivalent monetary
aggregate{CEMA) 1s exclusively dealt with in Chapter V. The theoretical foundation of
CEMA 15 discussed 1n secuon 51 Section S 2 reviews avalable empincal evidences on
CEMA Empincal findings of the 1ests conducted are presented n Section 53 The tests
mclude informanon content test, Davidson-Mackinnon J-test and stability of demand for
money functions. Concluding remarks are offered in section 5 4



The last chapter(Chapter VI) summarises the findings of the present study. An
analysis of the implications of the aggregation theoretic results (obtained in Chapters IV
and V) for the emerging money market in India is also attempted in this chapter. The

chapter concludes with some suggestions for the monetary authorities



CHAPTER-1I

MONETARY AGGREGATION : A SURVEY OF MAJOR
ISSUES AND EVIDENCES

Much ingematy has been spent upon attempts to define the term money . All such
attempts at defimtion seem to me to involve the logical blunder of supposing that we may,
by serthing the meaming of a single word, avoid all the complex differences and various
conditions of many things, each requiring its own definition.

——-Wilham Stanley Jevons
Money and the Mechanism of Exchange

2.0.INTRODUCTION

An attempt has been made in this chapter to trace the evolution of vanous
approaches to money definution starting from the 1960s The specific purpose of this
chapter is to provide the necessary bachground to the present study, by way of
highlighting the basic features of the theoretical and empincal approaches to money
definition and bring together evidences drawn from the previous work  To facilitate the
discussions, the chapter has been organised into seven sect ons  The first section reviews
the theoretical approaches to money definmition while section 2 2 reviews the approaches to
empincal definmon of money The vanous approaches 10 weighted monetary ageregates
are suneyed 1n section 23 followed by a cntical evaluauon of all the approaches 1n
section 24 Secuon 2 S presents a review of some major studies  Studies focusing on
financial mnovanions and Divisia monetary aggregates are presented in secuon 26 Money
defintion m the Indian context is dealt with in the last section
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2.1 THEORETICAL APPROACH

The theoretical approach to money definition involves conceptualising money in
terms of certain functions or characteristics and then identifying the real world economic
entities which are consistent with the theoretical concept of money Unfortunately, there
is no single function of money. Emphasis on different functions produces different
monetary aggregates As a result, there is a2 considerable disagreement about how to
define money In the Iiterature, the medium of exchange, "liquidity" and "temporary

abode of purchasing power” functions have been emphasised while defining money

Clower (1971), an advocate of the means of payment approach says that, n case
of an organized market, the Walrasian auctioneer-coordinator being at the centre, there 1s
no need for a specialized commodity to serve as a means of payment because all
commodities are perfect substitutes The absence of 2 Walrasian auctioneer-coordinator
necessitates a specialized commodity which should routinely serve as a means of payment
Clower calls this commodity as money He favours trade credit as well as currency and
demand deposits for inclusion in the broad connotation of money defintion, for practical
purposes in the Uruted States and the United Kingdom  He suggests credit cards
overdraft facilities, travellers’ cheques as well as book credits in trade credit for inclusion

in money stock but rejects some substitutes Like ttme deposits and other financial claims to

qualify as money

Emphanzing on the meansof-samuhaneous payment function of money,
Schackle{1971) defines money as "the total of all those payments which could be made
without the payers receming or counting on the payments to be made by others
Simultanerty must be insisted on here, lest we mix up quantity and veloaty™(p 32) This
definmion of Schackle includes coms, notes, transaction deposits and ume deposis at
banks Time deposits are inchuded because the owner of the time deposit account could



write a cheque on his demand account (having zero balance) as per the provisions. This is
nothing but the overdraft facility. Money, here, is defined as the means of making
payments. Increasing trade credit on the other hand puts off the making of payments
Shackle therefore hesitates to consider trade credit as money. But he includes bank credit
in the definition of money This implies that Schackle has a narrow view of encompassing
the goods market only If the distinction between the goods market and the debt market
is avoided then the transaction will not be complete until the bank overdraft is repaid and
hence bank credit along with trade credit cannot be included in the stock of simultaneous

means of payment

Johnson (1971) defines money as that which can routinely be exchanged for goods
without creating a debt and a repayment obligation Money under this approach is a
means of payment that does not create obligations against it Similarly, Yeager (1968)
advocates that for a commodity to be money, 1t must senve as a medium of exchange and
must circulate routinely Thus definition of money by Yeager assumes monetary theory as
essentially a theory of exchange media  For example, non bank travellers' cheques
working as exchange media are not 1dentified as money because they do not circulate

routinely

The tangible medium of exchange approach onginates from the wntings of Black
(1970) and Fama (1980) In therr opion, the enuty functiomng as a medwum of
exchange, if tangible could be called money For example they identufy currency as the
tangible money medium of exchange Fama s definhon of money 1s implicit in his model
In bus model of unregulated banking, an accounting system of exchange operating through
debirs and credits acts as the method of paying for goods and senvices  There 1s no need
for a physical medium of exchange in this case  The two features of an "ideal” system of
payments as grven by Fama are (i) accounting system of transactions maintained by banks,
and (i) charging compettively determined fees for senvices and paying competitne
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mterest rates on deposit balances. This ideal system of payments does not need currency
or any other physical medium of exchange and therefore accounting balances of the real
world system are no money Then currency alone is money The question raised here is
whether it is necessary for the medrum of exchange to be tangible so as to qualdy for

money

Tobin (1980) points out two distinctive features of money viz (i) it is an "outside”
asset, not generated by the private economy itself as the counterpart of private debt, and
(i) that its nominal or own rate of interest is institutionally or legally fixed and is not
determined in markets To quote Tobin, "The story told by monetary theory would be
quite different 1f "'money’ were an inside asset, its norminal quantity and yield endogenous,
or if people were induced to hold additional outside “'money’ by an increase in a market
cleanng nominal interest rate on money ttself"(p 319) Agamn quoting his words, "The
nominal supply of money is something to which the economy must adapt, not a vanable

which adapts itself to the economy-unless the policy authonities want it to*(p 319)

According to the store of value function approach what matters 1s the hquidity
That is to say in the presence of a whole range of liquid assets, cash may not be an
obstacle in the path of household and business spending  Spending here 1s constrained by
kquidity but not by cash alone, as payments can be made through the available alternative
hquid assets  Vanations 1n trade credits and debts created by nonbank financial
mtermedianes have a beanng upon the attempts of Centra! Banks to manipulate money
supply for 1ts desired effects on economuc actnity  Therefore monetary policy should

take into account the whole range of Lhqud assets instead of focussing on money stock

alone

The above argument 18 m line with the view of Gurley and Shaw (1960) and
Radchffe Commuttee GuﬂcyzndShawugucthalthcmonduyS)ﬁdniSfﬂxﬁ'om
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competition by other financia! intermediaries only when money demand is limited to
transaction services and no other financial assets can be substituted for means of payment.
In reality, money faces competition as other financal assets are also held on demand.
Money supply is then indeterminate. The degree of substitutability between money
created by banks and financial assets created by other financial institutions therefore

matters to find out the quantum of money supply at a given point of time

Friedman(1971) is the main advocate of the "temporary abode of purchasing
power” approach He emphasized the "store of value” function of money According to
him "the function of money as a temporary abode of purchasing power makes it seem
entirely appropriate to include also such stores of value as  time deposits not transferable
by cheque™(p 9) In hus words "The essential feature of a money economy is that it enables
the act of purchase to be separated from the act of sale  In order that the act of purchase
be separated from the act of sale, there must be something which everybody will accept 1n
exchange as general purchasing power But also there must be something which can
serve as a temporary abode of purchasing power in the intenm between sale and
purchase®(p 9) Fnedman favours the M2 aggregate (currency + demand deposits + ime
deposits of the public with commercial banks) as money that serves as a “temporary
abode* Though the defirution 1s consistent with the concept of temporary abode of
purchasing power including only ime deposits 1n it 1s not justified Any component

assets serving as medium of exchange can serve as temporary abode, but not vice versa

To sum up the functional or theoretical approach defines money through a prior:
reasonng Conceprualisation precedes measurement and  idenuficauion follows
conceptuahisanon  That 1, a theoretical concept of money 1s developed first on the bass
of certam speafic fimcuons performed by moncy and then 3 set of assets conformng to
the concept is ’dextified  The collection of such assets is to be called as money
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The basic imitation of the theoretical approach lies in different functions of money
being emphasised by different authors which results in multiplicity of definitions. As no
single asset can capture all the functions of money at a time one gets confused as to what
ought to be called as money. It is perhaps nght here to conclude by quoting
A P Andrew(1899), who says, "It is a singular and, indeed, a fact that, although money
was the first economic subject to attract man's thoughtful attention, and has been the focal
centre of economic investigation ever since, there is at the present day not even an
approximate agreement as to what ought to be designated by the word The business
world makes use of the term 1n several senses, while among economusts there are almost

as many different conceptions as there are wniters upon money”"(p 219)

2.2 EMPIRICAL APPROACHES

The ambiguities inherent in the theoretical approach and emergence of more
money like{near money) entities gave a different angle to the money defimition debate
Monctary econonusts therefore started looking at the problem as an empincal matter
They endeavoured to idenufy and quantify money stock measure, considenng a

constellation of monetary assets based on certain policy cnitena

Basically, there are two ways of looking at the empincal approach 10 money
defimuon If the purpose 1s to have a well defined money stock measure, then one has to
select certamn policy entena and accordingly group the assets sansfying these cntena to
call them as money These cntena are preconcened and preselecied  For example, that
measure of money 1s the best which (a) has the highest correlation with national mcome,
(b) has a stable demand function, (c) represents the best target for monetary policy, and
(d) produces an adequate theory of demand for money The other way of defimng moncy
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empirically basically mmvolves aggregating different monetary assets available. The
resulting monetary aggregate is the outcome of different permutations and combinations

of the financial assets. The number of assets may be one or more.

The various approaches to an empirical definition of money may be classified into
two broad groups viz ,(2) simple sum approach and (b) weighted aggregation approach.
Under the simple sum approach, ())Fnedman-Meiselman(F-M) dual cntena, (ii)stable
money demand function approach, and (i)extension of simple correlation analysis are well
documented in the literature The wighted aggregation approach may be sub divided into
the following (iv)elasticity of substitution approach, (v)micro economuc monetary
aggregation approach, (vi) some ad hoc (alternative) approaches In the following sub-

sections a bnef note on the above mentioned approaches 1s made

2,2.0. F-M Dual Criteria

Frnedman-Meiselman (1963) developed a dual cntena in order to amve at an
appropnate money defimtion According to them, an aggregate to be called as money
should satisfy the following two cntena (1) It must bear the highest correlation with
income and (u) moncy income must be more hughly correlated with the aggregate than

with individual components of the aggregate

The dual cntena was apphed to three components of money stock viz,currency,
demand deposits and ume deposits by Fnedman- Meiselman, 10 check whether the
mclunon of ume Lkabilines 1n money satisies the crnitena  The empincal results showed a
higher correlation between the 2ggregate and income when the aggregate mcluded ume
deposits rather than exchuding nt
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The dual criteria was further extended by Kaufman (1959), Hullet (1971) and
Schadrack (1974) to check for alternative defintions of money. Kaufman (1969)
extended the dual criteria to altemnative monetary aggregates observed in time lags upto
four quarters and lead of one and two quarters with income Only a limited number of

definitions satisfied the dual criteria.

A distributed lag model of the following form

n
Yi=ap+ ), ajXpi+e

1=1

where Y¢ and X, represent income and monetary assets respectively and g 1s white noise
error, was introduced by Hullet (1971) in order to test the long run impacts of the money
supply changes on money income The conclusion was in ine with that of Kaufman's
But the estimated regression coefficients changed significantly across the sample penods
unlike Kaufman's study where the results were not even sensitive to alternative sample
periods Hullet attnbuted his results to changes in the transaction technology in the
financial market which resulted 1n changes in the degree of moneyness for various financial

assets dunng the sample penod 1953-68

Schadrack (1974) evaluated alternatine monetary aggregates using three different
cnitena viz (1) strength of the relation between changes in money and income, (1) stability
of this relationship over ume, and () abdity of the relat onshup to predict changes in
income outside the sample penods  The results were 1in favour of M2 compnsing of
curreny outside the treasury Federal Resene Banks and commercal bank vaulis
demand deposits at commeraal banks, foreign demand balances a1 Federal Resenve Banks
and United Startes Government demand deposits at member banks, as it satisfied all the
critena for the penod 1953 1 through 1968 I1 and for different sub penods Hence,
Schadrack advocated M2 as the most appropniate definrion of money
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2.2.1 Stable Money Demand Function Approach

This criterion selects a set of assets by identifying 1ts most stable demand function
with respect to a few theoretically appropriate explanatory vanables. The logic behind this
criterion is that if the demand for a monetary aggregate is a stable function of a few
theoretically important economic vanables such as income, interest, then changes in the
aggregate are sufficiently predictable in terms of changes in these variables Alternatively,
changes in money stocks may be manipulated to exert influence on economic activity via
changes in income and rate of interest Thus a stable money demand function creates a

conducive atmosphere for an efficient conduct of monetary policy

The major studies under this approach include those of Brunner and Melzter
(1963, 1968), Rose (1985), and Roley (1985) The earlier studies identify the narrow
money (M1) as generally stable The latter studies indicate that short-run money demand
models are generally unstable because of coefficient instability, lag adjustment problems,
single equation format etc  But Rose (1985) attnbuted the poor performance of the earlier
money demand equations to problems lLke employing traditional part:al adjustment

models, wnsufficient diagnostic testing etc Otherwase M1 1s a stable reliable empincal

monetary aggregate from the policy view pomnt

Fnedman and Schwanz (1970) while anlysung the US data obsened drastic
changes 1n the condiions of money supply with stable demand condimons and therefore
id emphasis on demand condinons Then they proposed the stable money demand
cm':"o'j'tc’s‘:!'*'ﬂiPﬂ‘llcuhlcollccuonofmoncury assets from among a bunch of
lhfmzmr allocations whch will have the most stable demand funcuon Mehzer(1963)
w'h“%mmﬁbedcﬁmdmm;mymmmbkdmndﬁmmmbe
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shown to have existed under alternative institutional arrangements and under changing

social, political and economic conditions

Until the mid 70's the demand for money function was generally accepted to be
stable and robust, irrespective of money definitions. Therefore, application of the stable
demand cnterion to define money by identifying a group of assets had no meaning The

question "what is money? " still remained unanswered

Laidler (1969) differed at this point whose suggestions changed the direction from
stability to controllability To quote him, "the authonty must be able to control the
volume of that set of assets that most closely corresponds to the money stock of standard
macro economics, at the same time the demand function for these stock of assets must be
stable enough for the consequences of changing 1ts volume to be predictable with a high

degree of reliability™(p S09)

The wnherent contradiction n the stable money demand approach was nghtly
pointed out by Osbome(1992) To quote hum, "Belief in this proposition has led some
monetansts 1o define money as that(set of hquid assets) wiuch has a stable demand
function Ths defirution 1s rarely stated 1n so many words, but it 1s imphcit 1n some of the
best work on money demand, such as Ladler(1969 509-15 1977 149-52) Whether
implicat or explicit, the defimtion puts the cant before the horse  We have to define and
Wdenufy money before we can test the stability of sts demand  Thus stability(if 1t exists) 1s
to be demonstrated empincally, not deemed true axsomatically®
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222 FExtension of Simple Correlation Analysis

This approach basically aims at measuring monecyness of the near money assets
Advocates of this approach, Timberlake and Fortson (1967), employed a regression model

of the following form.
AYt =ap + aj Ahrilt + a2 ATt + Et

where Y is nominal income, M 1s currency plus demand deposits, T is ime deposits, A 1s
difference operator and a's are coefficients By computing the regression coefficients ay
and a7 they tried to find out the degree to which near moneys were near tc money The

three conditions listed by them were

(a) f O <asmy <1, then T would have some degree of moneyness
(b) f sy = 1 then M and T are homogeneous assets
(c)sfayxy <0, then it indicates that people reduce therr transaction
balances and buy time deposits
The estimated results yiclded c;.l ;(;2 7 997 for the penod 1933-38 Hence, the
aggregate compnsing of ume deposits scemed to be a better predicior of change in money
income than the narrow money stock  Dunng the 1950s, the quanuty ;2 f(;.] was

positive but there was no sigmificant difference even afier inclusion of ume deposits

2.3 APPROACHES TO WEIGHTED MONETARY AGGREGATES

The weighted monetary aggregates bascally aim a1 weighing dufferemt financial
assets according 1o therr degree of comtnbunon 10 the monetary senvice flow of the
ecooomy The advocates of this approach raised their voice agamst the practice of simple
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sum scheme while constructing monetary aggregates. The simple sum scheme has been
criticized by them on the following grounds: First, the simple sum scheme assumes perfect
substitutability among different components of a monetary ageregate and accordingly
assigns equal weights to them. But in reality the component monetary assets are found to
be imperfect substitutes differing in their degree of moneyness, which has been supported
by voluminous empincal evidences. Secondly, the simple sum aggregates measure the
accounting stock, which is not an economic variable in any economy’s structure Thirdly,
the sum aggregates are incapable of capturing the flow of monetary services provided by
the component assets At low levels of aggregation, the simple sum(narrow) aggregates
entirely overlook the contnbution of monetary substitutes to the flow of monetary
services On the other hand, at hugher levels aggregation, the sum(broader) aggregates do
not change 1n response to one-for-one transfers between component assets and hence do
not capture the interest elasticity of velocity of monetary services  Regarding the simple
sum (arithmetic average) index, Irving Fisher wrote over a half century ago that “the
simple anthmetic average produces one of the very worst of index numbers, and if this
book has no other effect than to lead to the total abandonment of the sitmple anthmetic
type of index number it will have served a useful purpose The simple anthmetic

[index) should not be used under any circumstances”™(p 36)

Thus the smple sum measures may bnng in distort  ns 1In monctary aggregates
The convennional monetary aggregates add up to accounting stocks only and therefore,
are not sunable for meamngful economic amalyus Fniedman and Schwarntz (1970)
observed, "This (sample summation) procedure 1s a very speaial case of the more general
approach In bnef, the general approach consisis of  defining the quantity of money as
the weighted sum of the aggregated value of all assets, the weights for individual assets
varying from 2210 to umty with 2 weight of unity assigned 1o that asset or assets regarded
as having the largest quantty of moncyness' the more general approach has been
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suggested frequently but experimented with only occasionally  We conjecture that this

approach deserves and will get much more attention that 1t has so far received”(p 151)

Hence, the advocates of these approaches argued for weighted monetary

aggregates as an alternative to the existing sum aggregates, apprehending the use of the

latter for monetary policy

Approaches towards construction of weighted monetary aggregates can broadly be
grouped into three viz,
(i) Substitution approach
(1) Micro economic monetary aggregation approach
(u1) Some ad hoc approaches such as
(2) The preference independence transformation approach
(b) The Roper and Tumovsky approach

(c) Turnover rate weighting approach

2.3.0 Substitution Approach

The main archutect of this approach is Chetty(1969) who put forth the argument
that each monetary asset has a certain degree of moneyness in it The problem here is not
the selection of assets to be included in the measure of money stock but how much of each
monetary asset 1s to be included Inturtively therefore monetary aggregates have to be
constructed covenng all assets being properly wesghed 1n accordance wath their degree of
moneyness  The weighing scheme employed by Chetry 1s dependent on the elasticaty of
subsutution between different component assets The degree of moneyness associated
with any financal asset s determined by dlasticnty of substirunion between that asset and a
reference asset which s considered 10 be the most hquid asset  Under this approach,
Chetty (1969) for the first ume explicatly utihzed the neo-classical utilty maximization
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framework to estimate elasticities of substitution between liquid assets. The decision
problem formulated by Chetty is of the form
Max U(mj,m2,...my)

Subject to

Y m/(l+)=W

where U() is a CES utility function, m; is the money value ith liquid asset held at the
beginning of the next period, rj 1s the interest rate on liquid asset i , and W is the
discounted value of current period’s financial wealth Then the exact quantity aggregate is
u(m) where m=(mj ,m3, ,my) From the above discussion, 1t becomes clear that the

substitution approach recognizes the direct relevance of mucroeconomuc aggregation

theory to monetary aggregation

2.3.1. Micro Economic Monetary Aggregation Approach

The substitution approach as a weighing scheme to armve at an appropnate
monetary aggregate has some deficiencies  They include (1) econometnce speafication of
parametenised functional form, (u) estmation of its parameters, (1) sensitiveness of the
results to model specifications, use of data, esumation procedures These hmutations have
been overcome by proposing some mnnovaine and novel approaches A new strand of
rescarch mn the Lterature viewed the problem of monetary aggregation as preparation of a
good monctary statistical index which s known 2s the user cost approach or the Divisia
approach or the micro-economc theory of monetary aggreganon approach  Thus
approach has been made popular by Barnett and hus collaborators in the 1980's.
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Barnett's (1980) pioneering effort integrated economic aggregation theory, index
number theory and monetary theory. However, the groundwork for Barnett's whole
exercise of integration was done by Hulten(1973), Diewert(1976) and Barnett(1978)

himself.

In economic aggregation theory, an aggregator function is either a utility function
or a production function. An economic price aggregate P is solely a function of the
component prices, 1., P = f{p), p = (P], - ..,pn) where fis called the aggregator function
Simularly, an economic quantity aggregate, Q is solely a function of the component
quantities, i ¢,Q = g(q), q=(q1, . 4qp), where g 1s called the aggregator function The

product of P times Q must equal total expenditure on the components Therefore,

knowledge of P helps in finding out Q and vice versa

The economic aggregation theory requires two important conditions to be
satisfied They are (1) The proposed aggregate to bear a stable definition, the
components of the aggregate must be weakly separable and (n) The aggregator function
must be linear homogeneous in 1ts arguments The first condition 1s a necessary condition
which may otherwise be called as the exastence condition as 1t ensures the existence of an
economic aggregate  The second condition is a sufficient condition which ensures
consistency between growth rate of the aggregate and growth rate of its components
These two conditions when satisfied enable the economuc aggregate to act as a vanable 1in
the economy’s structure That is to say, the economy’s structure can then be wntten as a

composite funcuon of the quantity aggregator function Q

Inrczhrynisdxmmhtoﬁmjwtanﬂmecono:mcpnceo;qummyaggrcgaxc,
since the aggregator funchon is not known E‘fﬂﬂnughthcaggrcgnorﬁxmmbc
specified and esumated, the 2ggregates produced may not be acceptable to the monetary
augborities for publication due 10 the ageregates’ dependence on esumated parameters
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This is where the theory of statistical index pumbers comes to the rescue and helps in
overcoming the conventional parametric problems as they do not contain any unknown
functions. These index numbers are constructed so as to provide a close approximation to

the ecopomic aggregate at every mstant of time

Diewert (1976) succeeded in unifying the economic aggregation theory with index
number theory. He derived a new class of index numbers called superlative index
numbers These index numbers possess good theoretical properties and provide high
quality approximations to the unknown exact aggregates of economic theory A
superlative index number is defined as "an 1index number consistent with (or exact for) a
flexible aggregator function®, where a flexible aggregator function 1s an aggregator
function, capable of prowviding a second order approximation to an arbitrary twice
differentiable lLinearly homogeneous function The Fisher's ideal index and the Divisia
index fall in this category Hulten (1973) showed that in continuous time the Divisia index
1s always exact for any consistent aggregator function which 1s block wise homothetically
weakly separable Tomqvst-Theil index 1s found suntable as it provides a discrete ume

approxumation to the continuous time Divisia index and falls withun the class of superlative

index numbers

The established linkage between aggregation theory and index number theory

paved the way for monetary aggregation Monctary aggregates now can be expressed as
monetary staustical indices  But again the problem arose due to non-avalability of pnces
of monetary components sunce the index number contans both pnices and quantities as 1ts
arguments Barnerr's (1978) demanon of user cost of money helped 1n subduing this

difficulry

Barnett apphed the concept of user cost of a durable good 1o the monetary
components and dertved an appropnate formula The user cost of a durable good is the
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cost during one period of acquiring, using and disposing of the asset, i e, the user cost of
any rea] durable good is nothing but its imputed one-period holding cost. Then the user-
cost of the durable good is calculated by subtracting the discounted expected resale value
of the depreciated good in the next period from the purchase price of the durable good in
the current period. In simple terms, the user cost of a monetary asset can be written as
(R-r;) where r; is the own rate of return on the monetary asset 1 and R is the maximum
available yield in the economy on any monetary asset The difference R-rj represents the
opportunuty cost of holding monetary asset i during that period Thus R-r; is the price

paid in return for receipt of the services of the ith asset

Bamett's derivation of the current penod user cost! x; of my; reduced to

Mt =Py Re-rp )/ (1 +Ry)

where Py 1s the current true cost of hiving index

The corresponding real user cost 1s given by,

- L
"y "Xy /Py

The task becomes easier after obtainung the user cost of d flerent monetary assets

Supposing that x} x> X, are the user costs for the monetary assets with
balances M; Ms> | M, the monyeness assocuated with the th asset 1s the
corresponding user cost evaluated value share m the total  Thus moneyness of 1th asset 1s

gven by

e formala may be correcisd for taxanon whuch is as follows x, = P (R X 1-y ¥ 1+R(1-1; } where
1ummmmmrlummummmngy¢ﬂmmmpomLR1 15 the
maxmsem aailabic expecied holhing penad yield m the econoars
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0
Si=mMj/ 3 7 M

1=1

§; is therefore the weight assigned to the asset in accordance with the contribution of the
asscts towards the economy’s monetary service flow. Statistical index number theory is
then used to construct the weighted aggregates Using Divisia Index (Torngvst-Theil

Index) the discrete time approximation to the continuous time Divisia index becomes

E
Q" = Q1 I, [mye / mj,t-llllz(sjt+ Sjst-l)
where S,y = m Mt /) (i + My ) is the enditure share on component j duning
Jt Jt Vit k kt €xXp
k

penod t, and I 1s the product symbol
Taking logarithms on both sides

InQ;"-InQu1"=3 Sy tnmy-lnmye)
J

where Sjt. = 12( SJt + syt-] )

The growth rate of the Divisia monetary aggregate is a weighted average of the
growth rates of the individual component assets The Divisia monetary aggregate could
properly weigh the contnbuuon of all segments of the moncy market to the monetary
service flow of the economy Thus the fundamental problem of estmation of unknown
parameters could be circumvented with the applicanon of index numbers to the
aggreganon process Parameter free esumates could be obtained to closely approximate
the economic aggregate The Dmima mdex was employed 1n most of the empincal
exercises as it was the most informaune one which aggregated over as much of the money

market as possble
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Following Barnett(1980a, 1987), the ideas underlying microeconomic monetary
aggregation theory may be crystallised as follows In aggregation theory demanders of
monetary assets are treated as maximizing intertemporal utility subject to a sequence of
budget constraints expressed as an intertemporal transformation function. The utifity
function contains real monetary asset balances as arguments. Beginning with neoclassical
consumer demand theory, one assumes that the utility function of each economic agent is

blockwise weakly separable 1n the current period portfolio of monetary assets

Proofs in Barnett(1987) show that economic agent (for example a consumer)
solves a simple conditional current penod decision problem, since the first and second
order conditons for solving that problem are included among the necessary condition for
solving the economic agent's full intertemporal joint optimization problem The current

period conditional decision is of the form

Maximyze u(my) 21
Subject 1o mfxt yp where m¢*  (mjq. mpe) s 18 the economuc agent's
current penod real balances of the n monetary assets, xy (X, .Tny) 18 the vector of

real user cost prnices of those pnces of those assets, and yp 1s current penod real
expenditure on the services of monetary assets The function u 1s the weakly separable
subfunction (category subutiity function) that 1s nested within the full intertemporal
transformanon function or unlity function The function u 1s monotorucally increasing and

stnctly quau concave

In the general case, the exact economuc quanuty aggregate produced by
deasion(2 1) 1s the distance function, treated as a function of my at fixed reference level
ug- The distance finction d(ug.my) 15 defined m implicn form by,

Wmy(ug. my)) = ug (22)
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The geometric interpretation of equation (2.2) is that d(up,my) is the factor by
which my must be deflated to reduce(or increase) the Ievel of u to the fixed reference level

Ug.

Deflated by its value in a base period, the distance function becomes the malmquist
quantity index, which is dual to the famous Konus true cost of living index Thus it is
clear from the above elaboration that the exact monetary quantity index for a consumer
can be estimated by estimating the function u If u is inearly homogeneous then u itself is
the quantity aggregator function If u is not linearly homogeneous then the distance
function, which is denvable from u, is the exact quantity aggregator function Estimation
of u however, produces an aggregate dependent on empincal specification of u and
estimated parameters Goverment data producing agencies usually hesitate to use such

kind of a method Instead they prefer using index numbers which are parameter and

specification free

The solution to this practical problem therefore hies claerly 1n statistical index
number theory which 1s nonparametnc in nature Recent results from index number theory
have proved the Divisia index to be the best avalable index as the Divisia index tracks the
exact aggregator function without error In discrete ime, the Torngwist approxamation to
the Divima index tracks the exact economuc aggregat r function with very low error,

regardless of whether u 1s homogencous 2
2.3.2_ The Ad hoc Approaches to Monetary Aggregation

The monctary senvaces of a bquud asset are the services valued by the asset holder
other than the mterest rate ywelded by the asset However for specific purposes one may

ZAn exoelient sorvey of microcconomss monctary aggreganon theony s found 1 Anderson ef al., (1997)
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need to evaluate the quantity of a single service such as hiquidity rendered by an asset. But
it is rarely possible to measure directly the quantity of one service produced by a
multiservice asset.  Theil's preference independence transformation enables one to
untangle the jointness in service production. Bamnett et al. (1981) directly applied this
approach. One of the assumptions in Lancaster's{1966) consumer demand theory is that
goods produce characteristics or services. And utility is a function of these characteristics
or services rather than goods themselves The preference independence transformation

reveals the quantities of those services as functions of the quantsities of the goods or assets

The Roper and Tumnovsky approach uses a simple IS-LM Keynesian
macroeconomic model to produce the control theoretic solution to the optimum policy
that maximuzes a particular policy objective function Roper and Tumovsky (1980) solve
for the monetary aggregate that will produce that optimum policy if the aggregates growth
rate is stabilized 1n terms of a constant growth rate rule Hence, the opumum monetary
aggregate equates maximization of the policy objective function with stabilization of the

growth rate of the aggregate

For example the optimal monetary aggregate may be that which miurmuzes the

forecast vanance in norunal income Thus,

M(RT)- Y b M,

where RT refers to Roper and Turmovsky Al 1s the ith monetary asset dunng
time 1, and ¢4 15 the opumal weight for (1th) asset dunng time t  The opumal weights may
be dermved by mummuzing the forecast vanance in nomunal income using a Vector

Autoregressne (V AR) System
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In the Turnover Rate weighting approach, tumover rates are functions derived
from the demand function for a monetary asset. In this approach, 2 monetary aggregate is
produced using a Fisher Ideal index in monetary quantities and turnover rate which is just
an arbitrary combination of component quantities and turn over rates. Spindt (1985) made

use of this approach.

2.4. A CRITICAL EVALUATION OF APPROACHES

The approaches discussed above have some limutations In this section, an attempt

is made to present a cntical evaluation of the approaches

2.4.0. Substitution Approach

The substitution approach propounded by Chetty has been cnticized on following
grounds First, Chetty’s model 1s appropnate only in a two penod world, as Chetty's
pnces do not measure the opportunity cost of acquinng a unit of the service flow and
hence are not user costs The model may have only hinuted applicability to a multipenod
world, because 1n a mulupenod world the user costs measure the pnee of a unit of the
services of an asset  Secondly, the assumption of strong scparability and theoretical
inadequacy of CES form mught have considerably buased Chetty’s elasticity estimates
upwards Thudly, this approach s sensitive to the specificati n of the model, sample size
ctc and produces esumates which are not parameter free  Lastly in the Indian context as
observed by Jadhav Chetry’s model when app ed to Indian data for the period 1945 to
1966 ywlded unduly large clasuaines of substimunion  The elasuaty of substinunion as
between narrow money (M1) and ume deposits turned out to be as high as 34 7, which
meart thit the two were very good substtutes of each other Or 1n other words the
*moncyness” assocuted with aurency of demanded deposits was as high as the
monecyness of tme deposits.
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In the later periods, the substitution approach of Chetty and the model employed
by him along with the underlying assumptions were cnticized by Donovan, (1978)
Boughton (1981) and Husted-Rush(1984), who suggested certain modifications such as
the use of rental price of assets in lieu of interest rates, real values instead of nominal
values of financial asets, an mmplicit rate of retumn for narrow money stock They showed
interesting results by incorporating these changes in the original model

2.4.1. Micro Economic Monetary Aggregation Approach

Ths approach has also been subjected to cnticism  For instance Cockerline and
Murray(1981) argued that the rates posted on savings deposits and other monetary assets
may exaggerate the effective rate econormuc agents expect on their investments They also
argued that the mummum balance requirements in certain accounts, early encashment
penalties on some fixed term assets mught tend to reduce the measured own rates of return
on monetary assets Calculating user costs would be complicated if one wants 10

aggregate across assets with differrent maturity dates

Jadhav(1589) has raused certain questions which reflect hus skepticaism in sofaras
the applicability of this approach to construct weighted monctary aggregates is concerned
First under the user cost approach, "money” is regarded as a cap tal aggregate ssmilar to
Fnedmans conception presented 1n hus ‘Restatemnent of the quantty theory of money”
(1956) Then, the demand for money by wealth holders 1s treated as a problem m capral
theory In tius sense, anahyteally, there 1s no disinction between 2 money good and any
other capual good To quote Spencit (1985), “thus conception of money is msufficsently
narrow for the anlayncal and empincal purposes of some mooetary economsts who
emphasize the pomary sgmficance of money's distinctive role as means of
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payment™(p.77). But, the user cost approach having a wide coverage of services besides
general acceptability of money as a means of payment 1.e, liquidity, divisibility, surety of
nominal value etc., is subjected to conceptual imprecision.

Secondly, the construction of monetary aggregates is highly dependent on
measurement of user cost (formulz) of the relevant monetary assets. It is to be noted that
the user cost is proxied by the formula R-r; where R is the expected maximum available
yield on the chosen bench mark asset during time °t, r; is own ate of return on the ith
asset duning time 't As Judd and Scadding (1982) have pointed out, this method of
computing user costs is useful for a world in which interest rates on monetary assets are
unregulated But in countnes like India where the interest rate 1s admunistered, the use of
this formula may be problematic Thus the use of this approach may bnng 1in more
problems though 1t is considered to be an improvement over the previous approaches to

amive at an appropnate money stock measure

Thurdly, Barnett's user cost formula for monctary asssets has been cnticized by
McCann and Divid (1989) on the ground that it did not take into account the capital gain
or loss due to changes in pnce level occumng at the beginrung of a penod as the budget
construnt was expressed in nomunal terms  Therefore they suggested an inflation
adjusted user cost formula as an altemative to that of Bamnetts  But the results of the

exercise did not improve upon Bamnett s previous results

Lastty, as McCulloch (1990) pointed out, certun aspects were not touched upon
by Bamett in lus aggregation theoreix developments  For instance the sensinvity of
Drisa indices to monetary disequibbrum 1s not addressed by Barnett  McCulloch ared
L&Mywm\ﬂmuﬂkdznd(lm)mﬂnchmcphmﬂ}kmqumddsof
mooty demand predicted that most ofien most money bolders were equally content with a
beoad range of money boldings  This imphics a certam long-run average level of money
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demand but at any moment the money holders feel themselves under no compulsion to be
on their demand schedule. How can the index number theory be applied here when money

is not in the utility function?

Fisher, Hudson and Pradhan(1993) pointed out that weights on component
monetary assets were very sensitive to interest rate changes A risc in interest rate
increases the user cost of currency and therefore lead instantaneously to a higher weight
Again as the higher interest rate causes investors to hold less cash in their portfolio, the
weight for currency will fall over time Current weights are not optimal due to this lag
unless investors adjust their portfolio instantaneously with corresponding changes in
interst rates In the short run in a situation in which the amount of currency held by
economuc zgents grows more rapidly than the amount of interest beanng assets, an
increase in interest rates will instantaneously increae the weight for currency and reduce
that on interest beanng assets, thereby leading to an increase in the superlative index
growth rate Based on tlus reasoning Fisher ef al concluded that the superlative index

could be musleading indicator of the monetary policy stance

2.4.2. The Ad hoc Approaches

Among the ad hoc approaches, the Preference Independence Transformation is not

free from parameters It requires speaification of a unlity function and estimation of its

parameters

The Roper and Turmnovsky 2ggregate onginates from the policy objective function
and 11 15 not an outcome of the economy’s structure  Micro economic aggreganon theory
produces aggregates that exast and can be factored out of the economy’s strucnwe  Thus
the economy’s structure 1s a2 composte function of the ageregates In thes sense the
Roper-Turmnovsky aggregate docs not exist, as 11 is not an outcome of any structural
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function which is blockwise separable Therefore, this aggregate does not measure
monetary services, liquidity or "money® in any meanngful sense As Jadhav (1989)
observed, this approach attempts to measure moncy without prior conceptualisation
Moreover, with respect to different policy critena, different money stock measures can be
derived under this approach so that no single measure could be able to claim its superionty
over others To quote Jadhav, It has been pointed out that there is no generally agreed
criterion as a standard for making judgement Roper-Tumovsky’s criterion is only one of
the several possible candidates™(p 52-53) Even after identifying a globally optimal
criterion, monetary aggregates may differ across countries, time periods, functional forms
and models The supenor forecasting ability of the resulting monetary aggregates

however, should not be surpnsing as it 1s very much embedded in their very construction

The aggregate constructed by Spindt (1985) from the turnover-rate weighting is
entirely arbitrary, as an infirste number of function of monetary quantities and tumover

rates can be found out which will produce arbitrary growth rates for the aggregate from

the same component data

2.5. REVIEW OF MAJOR STUDIES

After discussing the basic tencts of the vanous approaches to money defimtion 1t
would be of interest 1o survey the available empincal evidences under those approaches

Poining out certain fundamental prob ems i Chetty’s formulanon of the utlity
maxmizanon problem and s estmanon procedures, Donovan(1978) denved a system of
aggregate hquud asset demand equanons from a household mode! of uulity maxiruzing
behaviour The irprovements m s model were the applicanon of the concept of the
rental pnce of a durable good to the case of money and use of frontier desclopments m
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duality theory. Using the annual Canadian household data for 1952-74, the study showed
substitutability of a lower order magnitude among monetary assets

Reestimating Chetty’s model using an extended data sample Boughton(1981) He
modified Chetty’s model in several respects. He used real values of financial assets instead
of nominal values and introduced implicit yield on demand deposits He also differenced
the data by applying a consistent two stage estimator Relaxing the strong separability
condition but retaining the homotheticity assumption, it was concluded that there was only
2 weak substitution between money (narrowly defined) and such assets as savings and time

accounts at banks and thnfi institutions

Certain theoretical and empincal flaws were pointed out by Husted-Rush(1984) in
the Chetty-Boughton specification of the model They questioned Boughton's use of the
imphcit yield on demand deposits as an inappropnate measure of yield on narrowly defined
money, since only a part of M1 consisted of demand deposits They formulated a
consumer problem which invohed allocation of current penod savings and inhented
wealth of the consumer between holds of money (M) and balances of a near money asset
(T) The model was estimated by using both two stage and three stage least square
techmques The interest rate used by the authors 1s measured by R, m (d-lJ)d, where d
1s the discount rate prowed by the yield on long term BAA corporate bonds, j are ume
deposts, mutual savings bank deposits, savings and loan shares, m s money and 1 is rate
on ith asset  The resulis  fihe study ind cated sull lower elasuciues of substitunon  Thus
the authors concluded that money was a uruque asset having no close subsututes

Emrploywng dualty theory and a flexible funcuona! form Subrahmanyam(1580
1993) presented 2 model for 20 empmical defintion of money for the US household sector
The study estmated Allen parnal elasticnes of substitution and cross-interest elastaues
for seven financaal and phyacal assets  The elasticry resuhs suggested the ranking of
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assets to be US Govt short term marketables(US), Savings and loan shares+mutual
savings bank deposits{SM) and Time+Savings accounts at commercial banks(TS) and the
empinical monetary aggregate to be M4=MI1+US+SM+TS

An interesting paper by Subrahmamyam(1996) reexamined the substitutability
among demand deposits and time deposits, using Indian annual data from 1951 to 1985
Incorporating the influence of bank branch expansion as a factor in a CES model, he
estimated the elasticities of substitution which were found to be lower Ignorance of the

branch expansion factor in a Chetty(1969) kind of model would have yielded higher

elasticities of substitution

Application of information theory was made by Bamnett and Spindt (1979, 1980) to
compare the performance of Divisia index with that of the simple sum index They found
the Divisia monetary aggregate performed better than the simple sum aggregate tn terms
of therr information content for each of their choices of components for the monetary

aggregate and for each of their choices of targets for policy

Bamett (1980) gave a comparatine account of monctary aggregates constructed
using two different approaches wiz, (1) functi nal approach and (n) index number
approach In the functional approach, Chetty’s CES specificar on of the model for the
unlity function was used and the elasucry of subsutution betw een savings accounts across
INSUNBONS was  examned The funciional quanuty aggregator provided better
approxmanon than the sum aggregates  As the funknional aggregator depends on the
model speafication and estimanon of unknown parameters, the study employed Drisia
ndex 10 coastruct parameter free approxmanons to monctary aggregates  Bament
advocated the use of Divisia index 2s 1t performed better than the sum aggregates
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Offenbacher (1980) estimating a linear logarithmic expenditure system for
currency, demand deposits and time deposits less large Certificate of deposits (CDs) at
commercial banks with US quarterly data for the sample period 1952-76, found a lower
degree of substitution between means of payment assets and non means of payment assets.
He made a case against simple sum aggregates Bamett ef a/ (1981) considered an
ageregate having transaction balances, pass book savings at the three institution types and
at credit unions, small time deposits at the three mstitution types and negotiable and non
negotiable large CDs at commercial banks as the components The velocity of the simple
sum aggregate in this study was found to be declining while that of the Divisia aggregate
was rising This was due to erroneous and inadequate weighting done by the sum
aggregate for the transaction balances With the use of Divisia index the interest elasticity
of money demand yelded the expected sign Incorporation of the elements of the
unregulated money market satisfactonly stabilized the velocity of the Divisia aggregate

Thus study therefore advocated the use of Divisia index (Tornquist-Theil) to  compute

monctary aggregates

Cockesline and Murray(1981) used Canadian data (f r the first ume) to evaluate
the empincal properties of Divissa m netary aggregates  They ¢ mpared Divisia
aggregates versus sum aggregates in terms of their mformau n content moncy-income
caysality, and stabdity of money demand functions The overall performance of the
Divisia aggregates was unclear though the Diwvisia aggregates f owed smoother ume
paths than the summanon aggregates For instance Diwvisia aggregates were found to be
more stable 11 money demand equanons but perfomed poorly in caushty tests and

mformation cortent tests

Bamenr (19850 lad down cenan condinons 1o obtain an  opumal monetary
aggregaie  The condions were (i eastence condmon (defining the condmon under
whach an ecoooemc 2zgregate exasts m aggreganon theory), (i) consistency condion, and
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(iil) recursiveness condition. The steps suggested by him were to select an asset group
satisfying the above conditions and choosing a proper index number formula The last
step imvolves selection of the optimal one from among the hierarchy of aggregates

produced.

In the first stage, a theoretically admissible set of componemnt assets is selected over
which the monetary aggregates can be constructed The first condition in this stage is the
existence condition which states that the component group should be weakly separable
For example, let m be the set of assets available in the economy and let C be a subset of
M C s said to be a separable component group if and only if the marginal rate of
substitution between any two assets in C is independent of the quantity of any good or
asset not in C  All the separable subsets ike C have to be obtained from M to get the
admissible groupings The consistency condition, (second in the first stage) says that an
admussible component group C 1s a consistent component group, if the elasticity of
substitution between any component asset in the group and any good or asset not in the
group 1s independent of the good or asset that 1s not 1n the group Every consistent
component group is separable, but not every separable group 1s conustent

Impostion of the restncuon of linear homogencity on the economuc aggregate
ensures consistency The thurd condit on 1s the recursuiveness cond t on which st pulates
that the components of each aggregate should be monctary assets only and not any other
goods or assets Though monctary asset as such 1s not defined 1n aggregauon theory
asscts have to be selected by intustion  After obtarnung the admussible grouping one
switches over 10 the second stage where a proper index mumber formula 1s chosen and
user costs of monetary assets are cakulated Finally the monetary stausucal indices are
computed In the thurd stage, the 2ggregates obtaned from the second stage are put 10
speaific tests depending upon the apphcanon n which the aggregate bas 1o be used  That
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aggregate which empincally works best is selected as the optimal monetary apgregate
from a bierarchy of the nested aggregates

Mills (1983) developed a framework for providing an empinical assessment of
alternative monetary aggregates in terms of their ability to predict future movements in
nominal income and price level. He argued that considerable information is lost through
aggregation but the conventionally defined monetary aggregates do provide a significant
amount of information for predicting future values of the goal variables

Bamett (1984) compared the growth rates of the new Divisia monetary
aggregates with those of the corresponding officially targeted sum aggregates for the
period 79 11-82 8 The average growth rates of simple sum M2 and M3 were 9 3%, and
10 0% respectively whereas the average growth rates of the Divisia M2 and M3 were
4 5° and 4 8% respectively The rate of inflation was 10%s - 12%s Hence, monetary
policy was found to be tighter when measured by official sum aggregates On the
otherhand, measured by the Divisia aggregates the monetary policy was found to be more

volatile and tighter than the sum aggregates

Barnett et al (1984) again made a companson between the perf rmance of the
Divisia monetary aggregates and the simple sum aggregates and emphasised the relevance
of the Divisia scheme  Certain policy relevant cntena were chosen and the aggregates
were put to different tests Lhe Haugh-Prerce causality test Sims test approxumate
Lkelhood rano test 1a the bivanate VAR etc  The results could not suggest 2 uniformly
best aggregate Dnviwa M3 and Drnasa L (Federal reserve s highest level offiaal aggregate
which contains most of the ratoeal debt of shorn and intermediate marunty) acquired the
most stable demand for money fiuncon. The veloaty funcnon for Divisua M3 was found
to be stable  In the reduced form cormpanson, sum M1 performed better than Dnisa M1,
but at 2 egher level of aggreganon, Dnasia aggregates outperformed the sum 2ggregates
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Using Japanese quarterly data from 1971 to 1982, Ishida(1984) computed Divisia
monetary aggregtaes and compared velocities of money and the money demand functions
using these aggregates with those derived from the simple sum aggregates The main
findings of the study were (1)there was a more stable relation between Divisia monetary
aggregates and GNP than those between ordinary simple sum aggregates and GNP, (ii) the
results from money demand estimations using Divisia aggregates also supported the fact
that relations between Divisia monetary aggregates and GNP were stable In view of the
ensuing financial tnnovations in Japan the results on the whole were suggestive of use of

Divisia monetary aggregates especially at the higher levels of aggregation

The enormuty of the cntena considered 1n the study perhaps posed a problem in
inferring something concrete as no umformly best aggregate could be suggested
However, a favourable trend was set for the Divisia aggregates At higher levels, of
aggregation' the performance of the Divisia aggregates was better than the s mple sum

aggregates due to the increasing divergence between the ume paths of the Divisia and

simple sum aggregates

Serletis and Robb (1986) employed a quass homothetic transl g utility framework
on Canadian data (1568 to 1982) and esumated the degree of subst tutability between the
services of money and checkable savings and time deposits  The results further
strengthened the evadences supporung the D sia scheme  Serleus (1987) systematncally
examuned the appropnateness of the weak separabilay condiions using a2 flexible
fiunctuonal form interpretation of the quas bomothetic translog funcuonal form and w th
the belp of the approximation amahysis developed by Denny and Fuss (1977) The different
tests of separabidity bypothesis were not coochusne, however On the whole, they
suggesied a narrow definmon of money
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Bamnett (1987) developed models of monetary asset demand by consumers and
firms individually. He also developed a model of monetary asset supply by financial
mtermediaries. All these models were based on the usual neoclassical tenets  The models
established that a unique correct monetary price aggregator (or a quantity aggregator)
exists for each of the three economic agents- the consumer, the manufacturing firm and
the financial intermediary, when the aggregator function is hnearly homogeneous
Aggregation theoretic results were also established under the conditions of homotheticity
and non homogeneity  These theoretical results yielded ngorous microeconomic

foundations for both monetary and macro economics

Another Canadian study by Hostland, Poloz and Storer(1938) measured the
information content of Fisher Ideal monetary aggregates The results showed the Fisher
aggregates to contan less information than the summation aggregates The study found

M1 to be the most informative aggregate for both normunal and real GDP

Barnett and Chen(1988) appl ed tests of mathematical chaos to four Divisia
demand monetary aggregates, four Divisia supply monetary aggregates and therr
respective simple sum counterparts  The aggregates corresponded to four standard
official US money stock measures namely M1, M2 M3 and L The results showed Divisia
demand monetary aggregates possesing the charactenstics of mathematical chaos very
clearty The Divisia demand monetany aggregate L, smp e sum supply aggregate M2 and
Divisia supply monetary aggregate M2 were found t possess charactensucs of
mathemancal chaos rather well, but with more notse  These results were conuistent with

the reievant aggreganon theory

Barnett, Hinech and Yue(1991) updated the Barneti(1982) approach to opumal
moaetary aggregatoa makmz use of the Poterba and Rotemberg(1987) extension.  ¥This

Powcrda and Rowcmberg( 1997) kine demonsrrased that esnmanon of theoretical 6CnROmic saoactary
azrrepacy funcnos s presencly possbi wadey sk veruon
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updated approach of Bamnett's involves four stages »i=,admissibility, approximation,

momnitoring and apphcation. The details are as follows-

Step 1(Admissibility)

The first step seeks to identify theoretically admussible groups on the basis of
blockwise weak separability tests Models with intertemporal expected utility
maximization should be used for conducting seprability tests Moreover, inference
regarding separability should be deduced from within the Euler equations for which the

literature is yet to develop and apply the same to monetary data

Step 2(Approximation)

After 1dentifying separable monetary asset blocks, one should apply the best
avalable statistical index number to aggregate over those components The aggregate
thus constructed should be made available to the public Index numbers presently 1n use
arc from Diewert's superlative class  However assumpt on of perfect certainty or nsk
neutrality 1s mmherent 1n these index numbers The index number Lterature therefore need

to be extended to allow for nsk aversion
Step I(Mornutonng)

On a continuous basis, the quality of these monetry senaces indices should be
compared with esumated economic aggregator functions which are parametnc 1in natre

Pmmshaddﬂmmtbcbcsauﬂzbkﬁmcuomlwﬁauonmd
econometne methodology

Step 4(Appicanbon)
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For the benefit of policy makers these aggregation theoretic aggregates should be
introduced in demand for money functions and macroeconometnc models. Instead of
using linear Goldfeld type of demand for money functions, demand for money should be
modelled by estimating Euler equations under the assumption of risk aversion

Barnett, Hinich and Yue{1989) carried out steps 2 and 3 of the above mentioned
four step procedure using monthly component data from Fayyad(1986) They estimated
economic aggregator functions using generalized methods of estimation(GMM) and
obtained an exact theoretical rational expections monetary aggregate This aggregate was
then used to adjudge the tracking capabilities of two statistical index numbers - the simple
sum and the Divisia, both in time domain and frequency domain  The authors found
Divisia monetary aggregates tracking the estimated theoretical aggregate well, while the
simple sum aggregate did not To sum up, this study advocated extensive use of available
theoretical results from aggregation and index number theory by the government data

producing agencies for constructing monetary data and emphasized the need fr

continuously monitonng them

Considenng the Australlan monetary data for the penod 19691V to 1987 111
Horne and Martin(1589) examuned the performance of weighted aggregates using the
weights of Chetty , Roper-Tumovsky and Barnett  The empincal results favoured Dhvisia
aggregates over thar simple sum counterparts

Beloegua and Chat@art(1939 constructed Diisia and simp ¢ sum aggregates over
some weakly separable blocks of monctary assets for Urted Stazes obtained from Vanan's
porparameinc tests.  The performance tests mierms of controllabilny crenon and
St Lows equaton mdicated the supenonty of Dnisa aggregaies over sumple sum
aggregates  Further, Belongia and Chalfam(1990) tying to sobve the 1980's "velocity




problem® prevalent in the United States, identified money stock mismeasurement as the
cause for the breakdown of the historical relationships between the growth rates of Ml
and both the price level and nominal income. They reviewed the monetary agregation
approach to money definition and discussed the properties of two measures namely Divisia
and moncy metric index(MMI) Divisia M1 velocity was consistent with a stable long run
relationship with the aggregate price level while MMI velocity did not appear to be so
The M2 velocity was found to be stable whereas M1 velocity was not

In the Swass context, Yue and Fluni(1991), employing monthly data from 1976 6
to 1989 12 made a case for Divisia monetary indexes as monctary targets The study
examined the potential usefulness of Swiss M1 ans M2 monetary aggregates compared to
their Divisia counterparts M1 and Dimvisia M1 possesed the same chanactenstics n
relation to the Swiss inflation  Growth rates of both these aggregates were potentially
controllable by the Swiss National Bank M2 and Divisia M2, however, differd

remarkably in their empincal behaviour in relation to inflation and monetary base

Serletis and King(1993) examined the empincal relat onships between Divisia and
summation aggregates, income and prices in Canada No monetary acgregate was found
to be cowntegrated with the prnice level or nominal income H wever the Granger
causality tests found the growth rate of summation M2+ to be the best leading mdicat rof
inflanon For real output sum M1 and Devisia M1 were the best indicators of real output

Belongia and Chrystal (1991) evaluated the performance fa monetary aggregate
consincted from principles of economx and index pumber theory  Vanans (1982) non-
parametrc demand analyus was sought for m the study 1 test for the weak separability of
alternarrve asset groupngs They cxarwned the performance of the aggregates using
comtegration techmque and an 2zgregrie spending equanon  The comntegranon technique
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tested for the long-run relationship between the aggregate and both national mcome and
price level. The results strongly favoured the use of Divisia scheme

With the advent of financial innovations and introduction of more and more new
financial assets, the debate has veered around inclusion or exclusion of certain assets in the
monetary aggregate Some recent studies have taken up the issue  Collin and Edwards
(1994) considered the case of an alternative monetary aggregate to M2 for the Federal
Reserve Bank of St Louis, in cluding household holdings of bond and equity mutual funds

Subsequently, Barnett et al (1994) reacting to the question raised by Orphanaides
et al (1994) regarding the inclusion of stock and bond funds, suggested to untangle the
two discounted present values viz , discounted present value of monetary service flow and
discounted present value of investment yield of stock and bond assets In fact a growing
collecion of assets creates confusion The new assets certainly contnbute to the
economy’s monctary senice flow though not fully At the same time, the investment y1eld
of these assets can not be considered as monetary senices  Ignorance of these assets

undervalue the economy’s monetary service fl w and inclusi n of them endangers

contamunation of aggregates with non-monetary services

Pennacchi (1994) cnticazed the pract ce of expressing mult -good demand relations
as a function of a Linear combina! n of those goods tn monetary econonucs whereas the
other areas of economucs have abandoned thus practce  He appreciated the *mode] based®
approach of Barnent (1580) to consinkt monetary aggregates The current situat on,
therefore warmants such a pracike as the radional measures of monetary policy are
obsazed by the conminuous firancial imaos atons

Chrystal and Macdocalk(1954 compared the relainve performance of smple sum
and Dnisia aggregates, taking seven countnes vz the Unired States, the Umted Kingdom,




Australia, Switzerland, Canada, Germany and Japan. The results from the StLouis
equations favoured Divisia aggregates against their broad simple sum counterpants  The
overall results gave a clear edge to Divisia aggregates over the simple ones The study
suggested production of official Divisa index oumbers for exhaustive test of ther

performance as indicators

The performance of some Canadian weighted monetary aggregates was conducted
by Longworth and Atta-Mensah(1995) mainly with Fisher Ideal aggregates for the period
1971-1989 using quarterly observations Tests such as information content, forecasting
performance of the aggregates in terms of pnces, real output and nornal spending,
stability of money demand relations etc, yelded results in favour of summation
aggregates Broad simple sum aggregates were found to predict inflaton best whereas real
M1 emerged as the best predictor of real output  These evidences were 1n | ne wath the
carlier Canadian studies where weighted aggregates rarely performed betier than the

simple sum aggregates

An intersting study by Belongia(1996a) ident fed the flawed measurement of the
money stock as one of the important reasons of the unresolved monetary puzzles of the
1980s Reenating the long recogrused weaknesses of the tradit nal simple sum
measures, he rephcated the following five studies by replacing the sum measures with
Divisia aggregates

(1) Rotemberg’s estimates of money tnnovations

(v) Cover’s study of symmmetne monetary fluences

(iv) Kydland-Prescott evndence agunst moaetary effects on outpur

rv) Robustness of results across sample penods

() Stock-W 21500 and Fecdman-Kurtner resutis oo Money Income causaliry
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The empirical findings of the study imphed that many of the monetary puzzles of
the 1980s could hav been resolved if the use of the flawed simple sumn measures had been
abandoned. The study concluded by saying that the basic inferences about the direction,
magnitude and significance of money growth could crucially depend on the chosen money
stock measure and the choice of simple sum money measures might prove hazardous for
the policy makers. Belongia(1996b) also presented a collection of country specific studies
covering eleven countries including the core European Monetary umion, where the

procedure for creation of Divisia senes and their analysis for the respective countnes have

been attempted

Belongia(1996b) also provided a collection of eleven country specific stud es on

the utility of Divisia monetary aggregates covening the European Monetary Union area

2.6. FINANCIAL INNOVATIONS AND DIVISIA MONETARY AGGREGATES

The accuracy of Divisia monetary aggregates was quest ned by hoenig and
Fomby(1990) in the wake of changes 1n payments technoogy inthe 1 7 s and 1980s
which were attnbuted to introduction of new types of t ansactuon accounts Lke other
checkable deposits(OCDs) tn the United States  Innovabions Lhe automated teller
machines, money market mutual funds accounts and money market deposit accounts were
also referred to which might have disorted the partern  f growth of transaction balances
10 the late 1970s and carty 1980s  Assuming a specific functional form for the payments
technology the authors explored an altermaine aggreganon procecdure and obtaned what
they called a CES aggregaie The CES aggregste was favoured 1n terms of the empincal
resihs found This aggregate was much bess sensane 1o movements 1 OCD balances
than was exthey the srrple sum of the Dz measure of bousehold M) balances
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Ford ef al., (1992) raised a question viz, "DO the Divisa monetary aggregates
adequately capture the effects of all financial innovations such as mtroduction of new
financial instruments and progress in transactions technology”™ It is to be noted that if
innovation in the financial industry is neutral in nature, the Divisia index can sucessfully
measure the technological progress But most financal mnovations in reality are npon
neutral in terms of their effects on the liquidity and productrvity of different financial
assets Proceeding in line with Koenig and Fomby(1990), the authors demonstrated
through a model how Drvisia monetary aggregates fail to adjust for the effects of financial
innovations related to technological progress and introduct on of new monetary assets
Three kinds of modified Divisia measures therfore were constructed by the authors
employing two innovation variables in the construction of the Divisia indices, using a
learning curve adjustment of the retail sight deposit interest rate and third by combining
the above two to capture effects of innovations The results favoured modif ed Divisia
aggregates as these modified aggregates outperformed ther corresponding innovation

neutral Divisia indexes as indicators of the level of ec n m ¢ activity

An excellent collection of seven country spec fic expenments with Div s a
monctary aggregates was presented by Mullineux’s(1996) The stud es 1n gencral scarched
for plausibility of empincal implementat n of the new y constructed Div na monctary
indices as intermediate targets However the co et { studies differed from the earhier
works in respect of introducing novel sdeas such as financial tnnovat n, emergence of new
financial instruments and changes in the payments habits due t electrorufication 1n the
payments system The question rased in the wale f these innovanons was © Do the
Dnnsia indices mnstantancously adjust for these changes™ which most of the studies tned
to answer in this volume

The study of the United Kingdom by James Ford and Andrew Mullineux focused
on the impact of financal mnovanca and technologxcal progress such as miroducnon of



automated teller machines (ATMs) and electronic funds transfer at point of
scale(EFTPOS) on measurement of Divisia monetary aggregates. Shightly modifying the
procedure developed in Ford et al(1992), the authors tnied to mcorporate electronification
effects into the the Divisia monetary aggregates. Five different aggregates namely, simple
sum, ordinary Divisia, a Divisia with technological progress, a Divisia with allowance for
implicit interest on retail sight deposits and a Divisia incorporating both technological
progress and the payment of implicit interest were constructed using components of Bank
of England's M4 definition of money An assessment of these aggregates was made
through cointegration tests and error correction modeling, the results of which seemed to
have favoured Divisia M4 as it explained vanations in output and pnice level better than

the sum M4

Employing vector autoregressions and Engle-Granger comntegration tests, Eugenio
Gaiotti found that financial innovation had a smaller effect on the substitutab !ty among
different kinds of bank labilities in Italy The study concluded that the simple sum M2 and
its aggregation theoretic Divisia counterpart differed only marginally Thus conclusion 1s

interesting especially when several current stud es have ¢ me out with ev dences against

the traditional aggregates

Presenting the case of Switzerland Genberg and Neftar focussed on the stabi 1y of
demand and supply relanonships for money The use of recent nonparametnc tests
suggested by Darkhosku and Brodsku t chech for the presence of structural shufts made
the study different from the previous ones  Divisia monetary aggregates were found t
have more stable money supply mulupliers whereas the difference was neghgble with
respect to structural stabihty of money demand relanonshups betuween umple sum and

Drvisa aggregates
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The Japanese case of Divisia monctary aggregates with special refaence to
financial deregulation was examined by Hiriyzma and Kasuya Applying Stock-Watson
dynamic OLS estimation procedure, the authors tested for cointegration between Divisia
aggregates and a vector of real macro variables Tests of structural stability had not been

conclusive, however.

Belongia provided a descriptive account of the rapid financial innovation taking
place in the United States and analysed its hkely impact on the society at large
Maintaining that the Federal Reserves lost its grasp over the behavior of monev stock due
to different reporting requirements and introduction of deposit accounts with varying
degrees of checking pnivileges, Belongia felt that there was a need to chanee both the

reporting requirements of financial institutions and the approach to measurement of

money

Analysing the demand for D visia and Simple sum M3, Gaab po nted out some
shortcomings of computed Divisia monetary aggregates in practice in the ¢ ntext of
Germany, 1960-93  The study analysed M3(used by the Bundesbank both as an indicat r
and an official intermediate target of monetary pol cy)and a Divisia index over the same
components as of M3 Both the demand funcuions for Divi a2 and simp € sum \M3 showed
remarkably robust behaviour in the face of financial 1+ vat  n and deregulanion 1n recent
decades The Divisia aggregate were shown 10 be stabe  ver the simp e sum M3 dunng
the sample penod under study 1 e 1960-1993 The ump ¢ sum A3 shows some 1nstab 1ty
in the 1990s It was inferred that the Div 213 aggregate could cope up betrer w th financial

mnovanon

Presenting a suney of empincal evadences relanng 1o France, Lecarpertier fiound
that the Dnisa mooctary aggregates though found 10 be sansfactory coukd not

outperform sumple sum monetary aggregaies



On the whole, the above empirical studies threw light on the varicty of experiences
of countries in the area of new monetary aggregates under differing institutional and
regulatory environments. Though the evidences in general supported the supenority of
aggregation theoretic Divisia monetary aggregates , they could outperform ther sumple
sum counterparts, giving a clear message that it 1s dithcult to do away with the practice of
traditional monetary aggregates by the central banks One of the conditions laid down by
the microeconomic theory of monetary aggregation is to choose an aray of weakly

separable monetary assets The above stud es have missed out covenng empincal works

dealing with separability tests, parametnic or otherwise

A recent study by Feldstein and Stock(1996) suggested two methods viz (1) & time
varying parameter model and (i) a switching regression model 1o automatically adjust
compositional changes due to financial innovatons while constructing monctary

aggregates Expenmenting with M2+stocks or bond mutual funds the authors found the
new aggregates performing better only dunng the penod 1992-93

2.7 EMPIRICAL DEFINITION OF MONEY IN INDIA

The developments in monetary aggregation theory in the intermanonal arena have
also influenced the Indian stud es 1 a great extent  The success of Dwvisia aggregates in

countnies bke the US UK, Japan etc  have motnated rescarch in India While a few
studies have exposed the hmitanons of the RBl money stonk measures, a few others have
examined the case for operanonalisanon of the weighted aggregates

The First Working Group of RBI (1961 emphasised the roie of moncy as 2 bguad
asset as well 25 a mednm of excharnge while gomz for 2 proper measwre of moaey  The
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group defined money comprising of curency with public, net demand deposits with banks
and other deposits with RBL

The Second Working Group (1977) favoured a wide range of assets and suggested
four aggregates viz., M1, M2, M3 and M4 which are in the descending order of hquidity

defined as:
M1 = Currency notes and coins with the nonbank public + demand deposits

(excluding interbank deposits) of all commeraal and cooperative banks +
other deposits with the RBI whuch are in the nature of demand deposits)

M2 = M1 + Saving Deposits with Post Office Savings Banks

M3 = M1 + Time Deposits of all commercial and cooperative banks (excluding
inter bank time deposrts)

M4 = M3 + Total Deposits of the post office Savings Orgarnssation (excluding

National Savings Certificates)

The Second Working Group recognised the need =  to all w  f r suff Gient
disaggregation so as to pernut d fferent combinat  ns of assets 10 be employed for analysis
depending on the end-use to which the data are Lkely to be put™(p 5) The group further
felt that "the hard core of the monectary aggregates should continue to be basical y those
assets possessing the quality of “supenor | quudity’ anung from the concept n of money

as a medium of exchange®(p 7)

The habilities of the non-bank financial inst tutions Lk e Lfe insurance corporanon,
general insurance corporation, development banks, 1mestment compancs, trust COMPancs
and the Unut Trust of India are not included n the above measures of money stock  The
reason as given by the Group s that there s qualizatne difference betwern the operabons
of these instrtunons and those of the monetary mstmmioas There 13 a dear AEMAICANON
imphed by the above defixtons between the money usng sectors axd the moncy
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producing sectors. The money using sector is the non bank public. The money producing
sector comprises of the Government and the banking system including RBI

M1 is the narrow money usually referred in the monetary economics literature In
M2, even though the non-chequable portion of post office savings ought to be included,
owing to non-availability of data, all post office savings have been included in it. The time
liability portion of saving deposits should have also been included in M2 But it is
impracticable The savings and time deposits of post offices could have been considered
for possible inclusion in M3, but it is not done due to the following reasons (i) postal
savings organisation does not come under the conventionally defined banking system, (n)
it is very difficult to collect information on a weekly basis from post offices, (in) the
deposits in the post offices are of different matunty penods in which case it becomes a
daunting task to produce consolidated figures by aggregating them through weighted

aggregation

The saving deposit balances with the commercial banks have two components ¢
demand habilities and time habihties  Accord ng 10 the RBI rules, the port  n of savings
deposits balances whuch 1s allowed 10 be withdrawn without not ce, has been classif ed as
demand deposit  The rest of the balances 1s ume deposit  [n March 1975 the demand and
time deposit portions of savings balance were 85 8 ®o and 14 2 %o respectively  The ume
deposit portion of the saving balances which can be w thdrawn s around 14%e of total
savings account balances There has been mgruficant changes in these figures of tme and
demand bability porbons 1n recent years However the Second Working Group has
recommended for a quinquennial suney 10 thes regard to waich the changing proporuons
of ume and demand habilitses

The RBI had mstmined Noo-Resaders (Exterma! Rupee Accoums  whech accepe
deposits I amry type of deposst accourts m March 1970 for the benefa of the noo-resadent



Indians. In November 1975, the RBI again started a novel scheme, the FCNR (Foreaign
Currency Non-Resident Accounts) im pound sterling, US dollar, German mark, Dutch
guilder and Japanese yen. The second working Group treats these deposit balances as

time deposits for most purposes.

Government deposits and float are not considered as candidates to qualify for any
of the four monetary aggregates Because, inclusion of float may lead to double counting
Exclusion of government deposits with the RBI would help in drawing a ine between the
ultimate money producer from the ultimate money users The amount of unutilised crednt

himits, trade credit etc, have also been excluded due to data I mntat ons and on empincal

grounds

The Indian quest for a better monetary aggregate started with Shergall (1980) who
considered six alternative money stock measures including those suggested by the Second
Working Group His findings confirmed that M1 d d not satisfy the Fnedman- Meiselman
dual cnitena This study with Indian data from 1951 to 1973, could not suggest any
uniformly best measure of the moncy stock However the M4 aggregate (curtency +

demand deposits + other deposits with RBl + t me deposuts + total postal aving depo ts)
was preferred to the conventional M1 agyregate

Kamaiah and Bhole (1982) usung factor analytic techmuque w th four assets viz,
currency with the public (CU) demand deposits w th the banking sector (DD ume
deposits with the banking sector (TD) and post offie saving depouts SD  for the sample
penod 1957 To 1977, concluded that parrow money should be consadered 18 modeling

the demand for money and monetary policy m the Indian context

Kamaiah and Subrahmanyam (1933) conduacted cannoexcal correlanon aralyss for
two sets of vanables Oone set was arrency with the pubic  CU), demand deposts with
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the banking sector (DD), time deposits with the banking sector (TD) and paost office and
saving deposits (SD). The other set consisted of real income, expected real income,
inflationary expectations, rate of mflation, variabiiity of inflation rate, bazaar bill rate and
private debenture yield rate. The emparical exercise for the period 1958 to 1978 and two
of its sub periods viz,1951-71 and 1953-78 resulted in varying defmition of money due to

qualitative changes in the composition of money boldings and changes in banking habits.

Bhole (1987) suggested a single analytically or conceptually sound measure of
money instead of having multiple measures of money. His argument was for a measure of
money M including currency, current deposits with banks, saving deposits with banks,
saving deposits with post office saving banks and other deposits with the RBI He
advocated to revive the old practice of designating other financial assets as near-money
assets which could be grouped into onc or more aggregates to be called near money
aggregates (NMAs) on the basis of their hquidity, matunty, marketability, nsk etc. Two
aggregates viz, NMAl and NMA2 for India were tentatively suggested by hum, NMAI
including fixed deposits with banks and tume deposits with post offices and NMA2
including NMA1 and other deposits with post offices

Bhole suggested the following asscts as potential candidates for money and made a
case for their inclusion in the broad connotation of money The assets are (1) currency
(CU), (2) other deposits with RBI (ODR) (3) Current deposits with banks (CDB), (4)
Saving deposits with banks (SDB), (5) Saving deponts with post offce saving banks, (6)
Fixed deposits with post offices (FDB), (7)Time deposits with post offices (TDPO), (8)
Other deposits with post offices (ODPO), (9) Natonal saving ceruficates (NSCS), (10)
Other certificates with post offices (OCPO), (11) Treasury balls (TB). (12) Comenercial
bills (CB), (13) Governement bonds(GB), (14) Industnal boods (IB), (15) Fixed depossts
with non banking compenics (FDCOS), (16) Trade aedx (TC), (17) Usmutiksed credu
hmats (UCL), (18) Industrial shares(1S)



56

Rao(1983) suggested that SDB (saving deposits with bankskn rural and semi
urban areas should be treated as time deposits because they represent savings. On the
other hand, SDBinmctropoIitanandurbﬂnarcasshaﬂdbanachzsdmnd deposits as
there is every possibility of these deposits bang used as transaction balances Bhole
suggested to consider SDB as money without going for any dnision based on any
criterion. Similarty Bhole examined the cases with the rest of the assets

Kamaiah and Ramachandran (1991) carned out an exercise using the F-M dual
criteria and factor analysis Regulatory changes and financial innovations introduced m
the money market which had possibly led to qualitative changes 1n financial assets, were

identified to be the main causes for the varying def rution

Kannan (1989) made a companson of d fferent weighted monetary aggregates
obtained by hum by using the methods of Chetty, Bamett, and Roper-Tumovsky, on the
grounds of stability, predictab ity and causal ty tests with respect to the target vanable
He concluded that the best weighting method for constructing monctary aggregates was

the Roper-Tumovsky method

Jadhav (1989) skepucally looked at the situation n India t  operationalise
weighted monetary aggregates  lHe pownted out the discrepancies among the avalable
alternative approaches to construct monctary aggregates His contention 13 that the
empincal attempts i India have not come out with monetary aggregates whuch would
decisively outperform the impile sum agegregates

Jadhav entxazed Karcrax's (1959 szucdy oa the following grounds Fast, Kaoeza
has pot taken o account the mayor shxffs m the bong torm tme senes of demand and e
deposits in 1978 As m Inda, there are o charactensixcs of savieg deposts iz, 1
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transaction characteristics (i) saving characteristics The transaction balances should be
merged with demand deposits and the residual with time deposits  The Second Working
Group (1977) recommended to lump that part of saving deposits wlich could be
withdrawn without notice with demand deposits. As a result, around 85%. of saving
deposits (from 1961 to 1977) got merged with demand deposits

After 1st March 1978, with the changed accounting procedure the portion of
saving deposits on which interest is paid was treated as t me deposits and the residue as
demand deposits Then the earlier break-up got reversed and around 85%. of saving
deposits was then treated as time deposits  But the study by Kannan d d not consider
these problems and therefore the data senes for demand deposits and t me deposits as well
as the estimated results are put to question  Secondly, the study used the GDP deflator
for the public admunistration sector as a proxy for interest rate on demand deposits,
instead of computing "implicit” rate of return on demand deposits Lastly the study does
not specify the reference rate of interest rate used for d scounting while computing the

user costs which has a defiute impact on the final results

Experimenting with Indian data fr the penod 195 S1 to 1934-3%§
Subrahmanyam and Swamu (1991) compared the quanttatye perf rmance of three
superiative monetary aggregates viz  Div sia, Diewert and F sher ldeal, with tw  non-
superlative ones viz, geometne and uumple sum Surpnungly the results supporied
simple sum aggregates which were highly informative about the goal vanable

In a recent antempt, hamauah and Ramachandran 1954 uung annual time serwcs
data for the penod 1950-51 1 1989-90 d:s.onered theoretcaly admussible groups of
monctary assets using Denmy-Fuss approxemanon anaywms  The results of the stud,
showed that only the componerts of AB3-money formed a weakly separatie block o of
the four measures (M1, M2 M3 A1) mggested by the Second Workmg Groep of RB]
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The study found demand deposits as a distant substitute for rest of the components i M1
The study also recommended certain alternative separable groups for construction of
monetary aggregates. The study scems to have violated Barnett's(1982) recursiveness
condition while hypothesizing different utility structures for seprability test.

Subrahmanyam and Swami (1994) verified the theoretical consistency of M1, M2
and M3 as optimal groupings of their respective constituent assets for the penod 1960-61
to 1988-89 The flexible translog dual cost function approach was employed with user
costs of assets They concluded that M2 and M3 did not conf rm to the theoretical
requirements of optimal grouping and therefore M1 remained as the residual aggregate
with a very hugh elasticity of substitution between currenky and demand deposits
(including other deposits)

It is clear from the above discusss n that results of ind widual rescarch efforts
towards an appropnate moncy defin tion 1n the Ind an context have been at gross odds
with each other Earlier stud es focusing on simple sum aggregates did not come out w th
any concrete suggestions Preliminary ev dences on Div sia aggregates also could not

establish the supenonty of these aggregates

2.8. CONCLUDING REMARKS

The above discussion on basuc deas underly g different approaches to money
defimtion and associated evidences suggest that the ssue 1s ®  nddled w th several
concptual and empircal prodlems However the mucrocconome. monctary agpreganon
school emerges as the only comwnaing approah 10 a proper money definmon due t 5
theoretsical ngour The accumulated ermpincal evidences across courntnes scem m Kppoet

of t



CHAPTER - 111

ASSET SEPARABILITY : SOME NONPARAMETRIC
EVIDENCE

3.0. INTRODUCTION

As noted earlier, the first step of Bammetts(1982) three stage procedure for
selection of optimal monetary aggregates 1s to ident fy weakly separable groups of
monetary assets for possible aggregation to form economic monetary aggregates Weak
separability ensures the existence of an economuc monetary aggregate, and hence testing
weak separability among different assets becomes a basic requisite towards obtaiung a
meaningful monetary aggregate In the literature both parametnc and non-parametnc
approaches are employed to test weak separab ty A few stud es in the Ind an ¢ ntext
(Ramachandran and Kamaiah (1994), Subrahmanyam snd Swamu (1994)) have already
tested scparability of assets for monetary aggregates M1 M2 A3 and M4 as g venn the
Second Working Group of the RB! using parametne tests 1t has been obsenved that the
parametnic tests are senutne to use of parucular functional forms appr umating the
underlying utility functions The non-parametnc tests, bowever crcumsent this problem
as the results of these tests are independert f ay functional form and parameter
esumates The tests can also handle a relainvely large number f goods 1t may be noted
that to date, there are no studies relating t India exam rung separatality f assets usng
the non-parametnc approach Hence anattermpt u made 1+ s charter to re-cxamne the
1ssue of separable monctary asset blocks mn the Indian coctext using the non-parametnc
tests suggested by Vanan{(15%2,1983



3.1. WEAK SEPARABILITY

The first and foremost task it the process of identifying a monetary ageregate is to
confirm weakly separable monetary 2S5¢t groupings. That is to say, 2 monetary aggregate
can be formed only with financial assets that are weakly separable from other available
financial assets as well as real goods and services, in the representative agent's preferences.

Following Blackorby er al (1978), weak separability may be defined as follows.
Let (P, R) and (Q, M) be two vectors of prices and goods where R and M represent some
arbitrary bundles of real goods and monetary assets respectively P and Q represent the
prices of the real goods and monetary assets respectively Then, we say the agent's utility
function U(R, M) is said to be weakly separable in M, if it is possible to find a “subutility
function” say V(M) and 2 macro utility function U(R, V) which is stnctly increasing in V,
such that

U®RM)=UR V(M) 31

A necessary and sufficient conditon of weak separability 1s that the marginal rate
of substitution between any two pairs of assets m V(M) 1s independent of the amount of
consumption of any good outside V(M) A detaled discussion on weak separability may
be found in Deaton and Muecllbauer(1980)

The criterion of weak sepanability may be illustrated with the following utiliry
maximaization problem mvohing a two-stage budgeting procedure

Let Uj be the consumer’s utibity function i penod t expressed as 3 functson of real
goods{ Ry ), lasure( Ly ) and monctary asscts( My ) Let Y, be 1otal expendinure or fidll
income in period t , Py , commodity pnees,. Py . poce of laswe and Py, , monctary assct
rental prices. Now, the utility maxwrazanon problem may be formulated as follows

Maximize: Uy=Up(Ry, L. My) 2)
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subject to- P*y Ry + P7p Ly + P* My =Y, . (33)

where * refers to equlibnum values

Let us assumc that the total expenditure is predetermined withm the framework of
an intertemporal model of consumer demand i which 1t is assumed that the utility function

is intertemporally separable If utility is weakly separable in consumption, leisure and

monetary services, then it may be rewntien as,

U =U[V] (R), Vo(L), V3 (M)] 34)

Equation(3 4), then, imphes the following three demand funct ons

Rg =f(P, Yr), Yy =P R F(P,. Py P Y) (3 5)
Ly =gP. ;). Y;=P° L G(P;, Py P;.Y) (3 6)
M4d~bhPy.Ym).Ym P'mM H(P,.Py P Y) 37)

The subscnipt "d® 1n equati ns (3 5) to (3 7) refers to the demand funct n for the
respectine commodity vector and *s in the equat s refer t equil bnum values Y, Y
and Yy refer to expend ture on real goods, lasure and monetary goods repect vey Weal
scparabtlity implhes a two-stage model for consumer behavsour  Fust the consumer
allocates expenditures among the vanous broad catey ws [ goods determumung Y, Y

and Y, where equanions 35 36 and 37 are obtaned In the second stage the
consumer allocates expenditures among the goods wit  each broad category based oely
on the relairve pnces of the goods m that category  Thxs 13 referred to as the concepr of a
vulity tree m Deaton and \oelbauer(1580  Therefore the two-szzgc budgrurg
procedure 15 pot an accurate descrpuon of coasenear behaxvwour f weak separalury
conciinons are not sanished
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3.2. TESTING WEAK SEPARABILITY

There are two ways of testing separability viz., (i) parametric tests and () non-
parametric tests Parametnc tests mvolve estimation of parameters by way of estrmating a
particular firnctional form assumed for the indirect monetary senaces utihity function Non
parametric tests, on the other hand, are directly applcable to the data for checking

whether the data set rationalises a well behaved utility function.

3.2.1 . Parametric Tests

Parametnc tests require a functional form f r the opt muzing agents preferences
estimate a model and perform hypothes:s tests for d fferent structures of separab ity Ths

may be illustrated with the help of a representative consumer’s allocat n problem which 1s

as follows
Maximize U (x“_ XZ!, . Xm ) (3 ‘)
Subject to
n
2 PuXy M (3 )
=]
T 12 n

where X|; is the ith monetary asset 1in penod t P,; 1s the user cost associated w th the 1ith
asset tn pentod t and M; 1s expend ture monetary assets  penodt The user ¢ stas the

one penod foregone interest opporiuruty cost expressed a

Py =Ry -ry ) (1+R

where R; is the yield o6 a bench mark asset and 1y s the ywld oo the gh asser penad t

This problem may be amahvzed via ms dual probwem 16 budger costramed
maximzanon of the mdirect utury fimcnon  The mmdrect fxnoa expresses 2ODCIRTY
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services as a function of the monetary asset pnces and the budget allocation to monetary

services, My Accordingly, this problem may be rewritten as

Maximize
G=G(Pyt ,Par. .Pnt. My), (3 10)
Subject to
n
M; =2 PyXy 31D
1=}
1=12 n

where G is the indirect monetary services utility function

The use of this indirect function has one advantage viz demand equations are functions of

pnces which are obtained directly from the first order conditions by applhying Roy's

identity

A particular functional form may be assumed for the above indirect utihty funcnion
(eqn (3 10)) and demand equations demved and subsequently estitmated  Then by
imposing the restnction of equality among Allen elasticiies of subst tution, an
approxamate weak separability test 1s conducted The hypothesis impl es equality withun
each set of Allen parual elasucines of subsutution g)s that 1s constructed by painng all the
assets 1n the scparable subgroup with a gnen asset not 1n the separable group For
instance if assets 1 and )’ are separable from asset k then the hypothesis imples that o —
ojk That is to say, if the margmal rate of substnution of asset 1 for asset § s not
influenced by the holdings of asset X', then assets T and 9§ are equalh substititable with %
Functional forms that have been used m the past mchide Generahzed Leontief (Donovan
1978), Translog (Ewis and Fisher 1984), Founer Flexible form (Ewis& Fisher 1985) etc



However, the basic limitation of the parametric approach is that the results are
condtional on a particular functional form specified for the utility function Moreover, a
jomnt hypothesis is always tested under this approach viz, testng denved restrictions
along with the maintained hypothesis of functional form This amounts to confusion n
case of violations of axioms of neoclassical consumer theory It becomes very difficult to
confirm whether 1t 1s particular functional form or data or the consumer theory that is
being rejected A quick review of the results obtained from parametnc approaches to
testing weak separability of monetary assets reveals that thev(results) are not robust
Most of the studies assumed separability of real goods from monetary assets and
proceeded testing separabihty among vanous proposed subgroups of monetary assets

Since the focus of the present chapter 1s on the non-parametric approach to separability, a

review of studies which have employed the parametnc approach 1s not attempted here

3.2.2. Non-Parametric Tests

Vanan (1982) developed a systematic non-parametnc approach to test different
utiity maximization hypotheses weak separabiity and homotheticity  This approach 1s
based on the revealed preference theory of consumer behaviour Varan(1982)
reformulated Afnat's{(1967) theorem in terms of his Generalized Axsom of Revealed
Preference (GARP) and Homothetic Axiom of Revealed of Preference (HARP)

Given a set of monetary asset quantiies X' - (X', X' XYy) and ns
corresponding user costs P! = (P!} P!y PY ) Afnars (1967) theorem tnes 1o answer
the following question  Are these observed user costs and quantitses are consstent wrh
the maximization of a well-behayed unliny functon”
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Afriat's (1967) Theorem:
(2) There exists a non-satiated utility function that rationahzes the data

(b) The data satisfy the axiom of transitivity, that 1s, PT XT > P XS, PS XS > PS X1,
P4Xq > PAXT implies PTXT =PF XS PSXs=PsX!  PAXa=PaXF

(c) There exists utility indexes U!' and marginal utility indexes A' > 0,1=1,2,  n such

that ,

U‘gUJ + AP (X'-X) Yfory,y, =12, .n

(d) There exists a nonsatiated, continuous, monotonic, concave utihty function that

rationalizes the data

Vanan developed an equivalent formulation of the transitivity axsom{axiom (b)) as

mentioned above and called 1t the Generalized Axsom of Revealed Preference (GARP)

The following defimtions were given by Vanan (1982) Given an observation X! and a

bundle X,

Definition 1 - X' 1s directly revealed preferted to X wnnten X! D Y\ of PP XY & PEX

Definition 2 - X! 1s sinctly directly revealed preferred 1o X, wrmen as X' S X, of
PiXI > PIX



Definition 3 - X11s revealed preferred to X, written as XIR X, if PIX] > PIX). pIX) > pixl

LPIXM > PMX for some sequence of observations ( X',X), . X™) Inthiscase Ris

called the transitive closure of the relation D.

In terms of the notations and definiions given above, GARP can be stated as

follows If XIRXJ then Pi)(JgPJXi fori,). =1,2. n where PJis a vector of m prices, X

and XJ are vectors of m associated goods, n 1s the number of observations and R means
revealed preferred A violation of GARP occurs if for some XTRXJ, the condition XISX1 is
true, that 1s, a violation of GARP occurs if X' 1s shown to be revealed preferred to XJ

Varian (1983) proved the following theorem which outhned the conditions

required to satisfy weak separability

(a) There exists a weakly separable, nonsatiated continuous concave, monotonic utility

function that rationahzes the obsernved data

(b) There exust utility indices U!, V! and marginal utility indces A' >0 1 >00 12 n)
that sausfy the Afnat(1967) mnequalities U' < LW+ PI(X!- N )+(M 1 ) ( V1. \1)and

Vi< VI+wo(Z'-2)foriy- 1.2, n

(c) Thedata(q',Z')and (P!, 1 ! X' V1) satnsfy GARP for some choce of (V! pt)

that satisfies the Afnat (1967) inequalines

The conditions stated above (t e (a) to {c)) are equsalent and may lead 10 2 three-
step test procedure, which may be used 10 ascenam whether amy proposed SUbgTOUD of

financial assets form a separable group
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Step-1
In this step, the whole data set is checked for consistency with GARP (Generalized

Axiom of Revealed Preference) If the data set is consistent with GARP, then it is

consistent with utility maximization.

Step-2
Here, the task 1s to test for consistency with the necessary condiion for weak

separability The necessary condition 1s that all goods 1n the macro utiity function and the

array of financial assets in the monetary subutility function are consistent with GARP

Step-3

The last step warrants consistency with the sufficient condinons One sufficient
but not necessary condition for weak separability 1s consistency with what Vanan (1983)

called the Afnat Inequalities

If the data pass the three steps mentioned above, then the assets in the monetary
subutility function can constitute an economuc monetary aggregate If a hypothesized
preference structure fails to meet the necessary cond ton for weah separab ty then asscts
in the proposed subutility function cannot form a theoretically adrmussble group  If the
hypothesized preference structure (or utility function 1n other words) meets the necessary
condition for weak scparabiity but fas to meet the Afriat sufficent condiion, the
proposed monetary subunhty function may stul be conudered as a separable group so as
1o constitute an economic moncatry aggregale In the present study the thvee-siep
procedure 1s implemented by using \ anan s{1991) software routine NONPAR
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3.3. SOME PREVIOUS WORKS

The studies of Swofford and Whitney (1986, 1988, 1995), Belongia and
Chalfant(1989), Belongia and Chrystal(1991) which have applied the non-parametric tests,

to identify separable monetary asset blocks, ment attention in this context

Using the U S quarterly real percapita data for the penod 19691 - 19791V on
monetary assets and their associated user costs, Swofford and Whitney(1986a) found no
violations of GARP for entire data set But some subutility function revealed violations of
GARP In another attempt, the same authors(1986b) took consumption of durable goods,
nondurable goods and services along with 27 monetary assets in the overall utility function
for the penod 1970 1 - 1985 2 inthe U S context The data were in real per capita terms
The data set met the necessary conditon and could be rationalized by a well-behaved utiinty
function The utiity function was found to be weakly separable in consumption goods and
leisure  Relatively hquid monetary assets met the necessary conditions for weak

separability from other goods, thereby favounng a narrow monctary aggregate

In yet another attempt Swofford and Whitney (1988) performed non parametnc
tests on real per capita goods consumpuion, letsure and monetary assets for the penod
1970-1985 using both annual and quanerty obsenations Among the important resuhs,
annual real per capita data on consumption goods leisure and monctary assets could be
rationalized by a well-behaved utihty function, whereas wrh quarterty data, unbty
maximization held good onhy wnh relatneh bquxi monetary assets upro and inchating
small-time deposits 1t was beheved that the bess hquad assets used B the study were not
adjusted to optimal levels winhin a quarier The resuhs also indicared weak separabukry of
the utility function in consumption goods and lersure and m monetry asscts with anmual
data Fmnally for no grouping the study could obtam homothenc preferences.
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3.3. SOME PREVIOUS WORKS

The studies of Swofford and Whitney (1986, 1988, 1995), Belongia and
Chalfant(1989), Belongia and Chrystal(1991) which have applied the non-parametnc tests,

to identify separable monetary asset blocks, merit attention in this context

Using the U S quarterly real percapita data for the peniod 19691 - 1979 IV on
monetary assets and their associated user costs, Swofford and Whitney(1986a) found no
violations of GARP for entire data set But some subutility function revealed violations of
GARP In another attempt, the same authors(1986b) took consumption of durable goods,
nondurable goods and services along with 27 monetary assets in the overall utility function
for the period 1970 1 - 1985 2 inthe U S context The data were in real per capita terms
The data set met the necessary conditon and could be rationalized by a well-behaved utility
function The utility function was found to be weakly separable in consumption goods and
leisure Relatively liquid monetary assets met the necessary conditions for weak

separability from other goods, thereby favounng a narrow monetary aggregate

In yet another attempt Swofford and Whitney (1988) performed non parametnc
tests on real per capita goods consumption, leisure and monectary assets for the penod
1970-1985 using both annual and quarterly obsenvations Among the important resuhs,
annual real per capita data on consumption goods, letsure and monetary assets could be
rationalized by a well-behaved utiity function, whereas with quarterly data, utlny
maximization held good only with relatively hquud monetary assets upto and including
small-time deposits It was beheved that the less hquid assets used m the study were not
adjusted to optimal levels within a quarter The results also indicated weak separabibity of
the utility function in consumption goods and leisure and in monetry assets with annual
data Finally for no grouping the study could obtain homothetic preferences
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Assumung real goods and services and leisure to be separable from monetary
assets, Belongia and Chalfant(1989) searched for weak separable blocks over financial
assets alone The assets considered by them were currency, demand deposits, NOWs,
Super NOWs, MMDAs, MMMfs, and Savings(SVGs) Several groups such as (C, DD),
(C, DD, NOWs), (C, DD, NOWs, Super NOWs) and (C, DD, NOWSs, Super NOWs,

MMDAs, MMMFs) emerged as separable groupings

Searching for an admissible monetary aggregate for the United Kingdom, Belongia
and Chrystal(1991) applied Varian's non-parametric test to examune the separability
conditions for five assets viz, currency, non-interest beanng sterling sight deposits,
private sector interest-beanng retail deposits, wholesale deposits and interest beanng
butlding society deposits The results were indicative of the entire group as a weakly
separable block and an additional asset group containing non-interest beanng sight
deposits, interest bearing retail deposits and interest beanng building society sight deposits

also formed a weakly separable block

Again Swofford (1995) analyzed Fnedman and Schwantz money using revealed
preference approach The study took the assets that Frnedman and Schwartz (1970)
considered 1n their study of U S monetary huistory, and tested for consistency with weak
separability The study reached the same conclusion as that of Fnedman and Schwanz
(1970) who found that currency, demand deposits, and ume deposits 1ssued by commercial
banks met the cntena to form an aggregate Additional evidence from the study
supported Friedman and Schwartz's notion that a broader monetany aggregate mught have

been appropnate after World War Il
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3.4. EMPIRICAL ANALYSIS

The present study uses annual data for the period spanning over 1970 to 1996 and
monthly data from 1985 04 1996 09 Four financial assets viz, currency with the public
(CU), net demand deposits of the public held by banks (DD), net time deposits of the
public held by banks(TD)and saving deposits with post office savings banks (PD) are

considered for the separability test The assets are measured 1n real per capita terms

Here Vanan's nonparametric tests are conducted with a two-fold objective First,
to discover certain theoretically admissible groups for further analysis of economic
monetary aggregates Secondly, to exarmune the consistency of official definitions of
money as given by the Second Working Group (SWG) of the RBI, with economic theory
of aggregation 1 e to see whether the components of M1, M2, M3 and M4 form weakly
separable blocks The study also attempts to wnclude a new asset namely certificate of
deposit(CD) for the penod 1994 04 1996 07 and searches for some separable
combinations with this new asset The number of obserations are constrained due to the
availability of data on this asset for a longer penod of ime It 1s 10 be noted that this asset
1s introduced only after June 1989, and RBI started publishing the data from 1994

onwards

It 1s to be noted herc that the hypothesizanon of uulity structures for weak
separability tests follows Barnett's{1982) recursiveness covrlition which states that the
components of each utility structure must include currency(legal tender) and must not
include any good or asset that 1s not a monetary asset Econormic aggreganon theory does
not dictate use of this conditon However, violanon of this condition resuhts in a large
number of weak separable groups m practice and therefore it could be dificuh to choose
from among such a large class of weak separable groups Applying convennonal views
from monetary theory, this condition restricts the pumber of theorencally admssible
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component groups More specifically this condition, "restnicts the domain of possible
components to "monetary assets” and requires the collection of admissible component

groups to be nested about "hard core money”, defined here by its legal tender

property"(Bamnett(1982) p 697)

As Vanan's (1983) revealed preference test required data on both pnces and
quantities of the financial assets, Barnett's (1978) user cost formula is used to generate

prices for these assets The formula for the user cost of say ith monetary asset takes the

form
I,=(R-r; )/(1+R)

where []; 1s the user cost of the ith asset, R 1s the bench mark rate and r, 1s rate of retum
of the 1th asset The above formula denotes the discounted interest foregone by holding a

rupee's worth of the ith asset

Regarding rate of return on individual assets, currency being the most hquid
amongst all assets, the rate of return on 1t 1s assumed to be zero For demand deposits an
mmplicit competitive rate 1s constructed using Klein's (1974) methodology The formula

employed for constructing this rate 1s
rpp =rr [l - (BR/DD})]

where r T is 91 day treasunng bill rate and BR 1s bank reserve held against demand
deposits, 12 month deposit rate ts used as a proxy for ume deposit rate  In case of postal
savings deposits, the rate of interest per annum on post office savings bank accounts with

bmits of investment lying between a minimum of Rs 20/- and a maximum of Rs 50,000, ts
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used In the absence of such a rate commercial bank 3 months savings deposit rate is

used For certificate of deposit, its own rate of return is used

Theoretically R, the benchmark rate should be the rate on a particular asset which
is completely illiquid and does not provide any monetary service The rate on human
capital may serve the purpose since it does not render any monetary service in a world
where there is no slavery system However, due to difficuities associated with such a
measurement, the present study proxies R by taking the rate of return on the highest
yielding asset in peniod t and calculates user costs for each asset in that particular time
pertod In the absence of any direct measurement of a benchmark rate, one can only
construct proxy measures, which need not be rate of return on only one asset Thus, rates
of return like long term goverment bond yield rate , company deposit rate, yield on private
debentures and UTI dividend rates have served this purpose for different time penods in
the study The highest available rate from among these rates in a particular year 15

considered the benchmark for that year

3.4.1. Evidence from Annual Data

The non-parametnic test results for the annual sample 1970-1996 are summanzed

in the following table (table3 1)
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Table 3.1
Non Parametric Test Results
Annual Data(1970-1996)

Hypothesized Utility Necessary SufTicient
Structure Condition(GARP) Condition(Afriat
(1) (2) Inequalities)
3)

U1=U[PD, TD, V(CU, DD)]

U2=U[PD, DD, V(CU, TD)]

U3=U[DD, TD, V(CU, PD)]

U4=U[PD, V(CU, DD, TD)]

Us=U[TD, V(CU, DD, PD)]

U6=U[DD, V(CU, TD, PD)]

w ol v n (n |(n |
w o v | v |»

U7=U[CU,DD, TD, PD)]

Foot Note In columns (2) and (3) abore S indicates that the specified uulin funcuon sausfies that
parucular condition and V indicates violauon of the same

The entire data, when tested, reveal no violations of GARP and thus meet the
necessary conditon for weak separabiity The data also sanhsfy Afnat inequalines, the
sufficient conditon of weak separabiity Hence, 1 may be concluded that the data can be
rationahzed by a well-behaved utility function In other words the data 1s consistent with

the utility maximization hypothesis

Next, as shown in the above table, seven different uuliry funcnions have been
hypothesized containing the four assets viz, CU,DD,TD and PD The hypothesization
follows Bamett's recursiveness condition and therefore includes currency as a common

element in all the preference strucrures  All the preference structures except uUl,
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consistently pass the necessary and sufficient conditions of weak separability and form

theoretically admissible groups

The first preference structure, where currency and demand deposits enter the
subutility function fails to meet GARP, the necessary condrtion It can, therefore be
inferred that components of simple sum M1 as defined by the RBI SWG(1977) and
published by RBI do not form a weakly separable block The validity of this asset group
to constitute an economic monetary aggregate 1s questioned by economic aggregation

theory

The components of M3 as defined by the RBI SWG(1977) are the same as those in
the subutility function of the macro function U4 which consistently pass GARP without
revealing any violations and also satisfy the Afnat Inequalities The preference structure is

consistent with separability and hence (CU, DD, TD) forms a weakly separable block

The utiity structure US contains CU, DD, and PD and cons:istently pass the
necessary and sufficient conditions of weak separability This combination closely

correspond to the official M2 as defined by the RBI SWG(1977)

The data used in this study confine to monetary assets only Assurmung that
monetary asscts are weakly separable from real goods 1t can be said that M4 components
as defined by the SWG(1977) form a weekly separable block as the entire data set
consistently pass both GARP and Afnat Inequahiues, the necessary and sufficient

conditions respectively

In addition to the separable blocks identified above, some more weakly separable
groups which consistently pass Vanan's (1983) three step test and meet both the necessary
and sufficient conditions are discovered They are preference structures, U2, U3, and U6



with (CU,TD), (CU,PD), and (CU,TD,PD) as respective weakly separable mowetary asset’
groups The viability of these newly obtained admissible groups is examined in Chapter

IV by testing their performance as suitable economic monetary aggregates

Investigation with an annual sub-sample from 1980 to 1996 yielded the following

results which are summarnized in table 3 2

Table 3.2
Non Parametric Test Results
Annual Data (1980-1996)
Hypothesized Utility Necessary Sufficient
Structure Condition(GARP) Condition{Afriat
(1) (2) Inequalities)

(3)
U1=UJPD, TD, V(CU, DD)] S S
U2=U[PD, DD, V(CU, TD)] S S
U3=U[DD, TD, V(CU, PD)] S S
U4=U[PD, V(CU, DD, TD)] S S
U5=U[TD, V(CU, DD, PD)] S S
U6=U[DD, V(CU, TD, PD)] S S

U7=U[CU,DD, TD, PD)] S S

Foot Note Same as 1n Table 3 1

Preference structures hypothesized in table 3 2 were the same as mntable 31 In
addition to separable groupings found in table 3 1 (CU DD) was found 1o form a weakly

scparable block in this sub sample
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3.4.2. Evidence From Monthly Data

Separability tests for the monthly data from 1985 04 1996 09 was camed out
two phases, breaking the sample at 1990 12 This would facilitate having 1991 O1-
1996 09 as a pennod which coincides with the period of economic hberalization in India
Accordingly, the results of the tests for samples 1985 04-1990 12 and 1991 01-1996 09

are presentd in tables 3 3 and 3 4 respectively

Table 3.3
Non Parametric Test Results
Monthly Data(1985:04-1990:12)

Hypothesized Utility Necessary SufTicient
Structure Condition (GARP) Condition(Afriat
(1) (2) Inequalities)

(3)

U1=U[PD, TD, V(CU, DD)} \% ——--

U2=U[PD, DD, V(CU, TD)] V -
U3=U[DD, TD, V(CU, PD)] S v
U4=U[PD, V(CU, DD, TD)] S S
US=U[TD, V(CU, DD, PD)] S \Y
U6=U[DD, V(CU, TD, PD)] S V
U7=U[CU,DD, TD, PD)] S S

Foot Note Samec as intable 3 1

As shown in the above table, groupings (CU, DD, TD) and (CU, DD, TD, PD)
pass both the conditions of separability 1z, GARP and Afnat mmequahnes and form
theoritically admissible groups Preference strucutures U3, US, and U6 sausfy the
necessary condition only Combinations (CU, DD) and (CU, TD) violate GARP
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Table 3.4
Non Parametric Test Results
Monthly Data(1991:01-1996:09)

Hypothesized Utility Necessary SufTicient
Structure Condition(GARP) Condition{Afriat
(1) (2) Inequalities)
(3)
Ul=U[PD, TD, V(CU, DD)] S \'%
U2=U[PD, DD, V(CU, TD)] \% R—
U3=U[DD, TD, V(CU, PD)] S S
U4=U[PD, V(CU, DD, TD)] S S
US=U[TD, V(CU, DD, PD)] V ----
Uoe=U[DD, V(CU, TD, PD)] v ——-
U7=U[CU,DD, TD, PD)] S S

Foot Note Same as intable 3 1

It 1s clear from this table that for the sample 1991 01 1996 09 groupings (CU, DD,
TD) and (CU, DD, TD, PD) form wcakly separable groups as they sausfy both the
necesary and sufficient conditions of separabiity Grouping (CU DD), the ofhcial M1
satisfy the necessary condition only Utiity structures U2, US, and L6 violate GARP, the

necessary condition of weak separability

3.4.3. Evidence From Extended Monthly Data:1994:04-1996:07

In this sub section we are presenting the non-parametric evidence for separable
groups, in which a new asset namely certificate of deposit is added Since data on tiss
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new asset could be obtained only from 1994 04, the sample range 1s confined to 1994.04

to 1996 07 The test results are summanzed in the following table (Table3 5)

Table 3.5
Non Parametric Test Results
Monthly Data (1994:04-1996:07)

Hypothesized Utility Structure Necessary SufTicient
(1) Condition Condition(Afria
(GARP) t Inequalities)
(2) (3)

U1=U[PD, CD, V(CU, DD)]
U2=U[DD, CD, V(CU, PD)]
U3=U[DD, PD, V(CU, CD)]
U4=U[CD, V(CU, DD, PD)]
US=U[PD, V(CU, DD, CD)]
U6=U[DD, V(CU, PD, CD)]

wnn»n w»|n |wn
< |ninln|ln

Foot Note Same as in table 3 1

As shown 1n the above table, the data set as a whole satisfies both GARP and the
Afnat sufficient condiion Two new weakly separable groups viz, (CU, CD), and (CU,
DD, CD)are obtained for the sample 1994 04-1996 07 as the utibty strucutres U3 and US
satisfy both necessary and sufficient conditions for weak separabihty The combwnation

(CU, PD, CD) satisfies the necessary condition but fails to sausfy the sufficient condition

3.5. CONCLUDING REMARKS

The search for separable groups emploving Vanan's(1983) non-parametrw
procedure among different financial assets yrelded the following resuhs The study
identified components of M2, M3 and M4 as defined by the Second Working
Group(1977) as weakly separable groups for ammual data 1970-1996 Some new
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separable groups were also obtained in the process for this period suggesting construction
of alternative monetary aggregates against the existing practice at the central monetary
authonty level Interestingly, all the official money supply measures viz, M1, M2, M3,
and M4 were found to be theoretically admissible groups for the sub-sample 1980-1996 as
the groupings satisfied both the necessary and sufficient conditions for weak separability
However, the test results of monthly observations yielded only M3 and M4 as weakly
separable groups The monthly evidence therefore seemed to be in favour of broader
aggregates Results from the extended monthly data with the new asset Certificate of

deposit(CD) indicated (CU, CD) and (CU, DD, CD) as two new separable groups

The entire data set satisfied ali the required conditions and therefore could be
rationalized by a well-behaved utility function This implies that the failure of specific
functional forms in satisfying different axioms of neoclassical consumer behavior as has
occurred 1n some past studies, indicates either a rejection of the particular specification or

of a particular grouping and not a rejection of utility based money demand analysis

Homothetic preferences could not be obtained either for the entire data set or for
any of the tested groupings as the test revealed maximum number of violations  This was
tested using Vanan's (1983) Homothetic Axiom of Revealed Preferences (HARP) The
implication of this finding 1s that studies relying on homethetic functional forms such as a

constant elasticity-of-substitution function are musspecified



CHAPTER -1V

EMPIRICAL PERFORMANCE OF DIVISIA VERSUS
SIMPLE SUM AGGREGATES

4.0. INTRODUCTION

After accomplishing the task of testing separability of assets, one tends to proceed
to the second and third stages of Bamett's(1982) procedure to optimal monetary
aggregation The second stage stipulates construction of monetary aggregates using a
superlative index number such as the Divisia, Fisher Ideal etc,'. In the third stage, the
empincal performance of the aggregates in relation to real macro vanables 15 to be
exammuned This chapter endeavours construction of Divisia monetary aggregates over the
separable groups identified in Chapter - IIl and conducts some "standard”™ performance
tests to assess the relative advantage of the Divisia monetary aggregates over their ssimple

sum counterparts

As noted in chapter I, for annual data(1970-1996) the grouping (CU, DD) does
not conform to weak separabiity Simularly, for monthly data from 1985 04 1996 09 the
groupings (CU, DD) and (CU, DD, PD) do not pass the wecak scparability test  These
groupings therefore fail to form theoretically admissaible monetary asset blocks It 1s to be
noted here that the above mentioned groupings viz | (CU, DD) and (CU, DD, PD) closely
correspond to the official money stock measures M1 and M2, publshed by the Resene

The Divisia index is vsed in almost all the emguncal stdies retanng 10 mometary ZEITcganoS duc 1O K3
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Bank of India? But Divisia aggregates are constructed over these groups along with the

separable blocks at least to explore the supenionty of the index.

Thus the asset groupmngs considered for the annual data 1970-1996 are the

following

(i) M1 =(CU, DD)
(i) M2 = (CU, DD, PD)
() M3 = (CU, DD, TD)
(v) M4 =(CU, DD, TD, PD)
(v) MS=(CU, TD, PD)
(vi) M6 =(CU, TD)
(vi)) M7=(CU, PD)
For the monthly data 1985 04 to 1996 09, the asset grouptngs are
(1) M1 =(CU, DD)
(1) M2 =(CU, DD, PD)
() M3 =(CU, DD, TD)
(v) M4 =(CU, DD, TD, PD)

4.1. EVALUATION OF COMPARATIVE PERFORMANCE
To analyse the relative performance of the aggregates(both Diwvisia and Simple

sum) based on the grouping mennoned above, the informanon content test, Dawvidson-

Mackinnon J-test , and estimanon of demand funcuions for these aggregates, have been

ZThis resuht 1s 1n hne with Belongia and Chrystal(1991) and Bedoagia(1995) whertia the same problcms
was encountered (viz., the afficial monctary aggyegates fail 0 sansh the weak scprabaly tes2) m the
coutext of the United Kmgdom, the Unned Siates, Japan and Germam
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conducted? Before the results are discussed, let us bniefly discuss the tests which are used

in the present chapter
4.1.1. Descriptive Statistics and Information Content

The mean and standard deviation of the growth rates of the monetary aggregates
are used to see how fast the aggregates grow The standard deviation(sd) tells us which
aggregates fluctuate more, the Divisia or the simple sum In particular, from the sd figures
some inference may be drawn regarding the weighting schemes mmherent in the Divisia
monetary aggregates and regarding the sensitivity of these aggregates to changes in

interest rates

The information content of a monetary aggregate(M) relative to a goal vanable(G)

may be defined as

I(G/M) = -0 5 log[ (1-R2#) / (1-R2) ] 41)

where R2+ and R2 are, respectively, the coefficients of determunation for the following

Tegression ecquations

G=Ap(L)G+BgL)M+u (4 2)
G=ApL)G +v (43)

3These tests, however do not exhaust the het of wesis used 1 the provious sxdues  The other wests weed arc
the St Lowrs reduced form equanons 0 examine the relatne importance of monctary versus fiscal achoss.
the dispersion dependency diagnostic 16t eic.,. The present stiwh kas not wsed these sests duc 10 some
reasons. First, in the absence of monthh poverment expenditure dara » 1 b fficult © coaduct tee St Loms
kind of a test Sccondh, the scope for aggreganon error s koss when we construci aZzyYCZaes wang
scparable groups obtained from nonparametnic st So we do mot anempt 3 dispersiom depondency
diagnostic test to check for ageregaton exror
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where u and v are error terms and Ap and Bq are polynomials in L, respectively?, L is lag
operator The vanables are measured 1n terms of their growth rates. For a given level of
R2, equation (4 1) suggests that the measure of information content rises with an increase
in R2+« Hence, the R2« for the estimated models is used to rank the monetary aggregates
implying the information content in them for the goal vanables For the information
content test, the goal varniables chosen for the present purpose are nominal Gross
Domestic Product(GDP), real GDP and Whole sale pnce index(WPI) The objective is to

test whether nominal money contains any information for nominal income and prices and

real money balances for real income
4.1.2. Davidson-Mackinnon J-Test

Next, Dawvidson-Mackinnon J-test for non-nested hypothesis 1s conducted to
compare a Divisia aggregate with 1ts sum counterpart in explaining a particular goal
variable The basic 1dea behind the test is to use the same equation containung the goal
vanable to be explained in one case with the Divisia aggregate and in another case wath the
Simple sum aggregate The test determines whether the Divisia model adds explanatory
power to the sum model and vice versa A descnption of thus test method 1s presented 1n

appendix A The t-statistics are used to check for the rejection of one model over the

other and then the reverse

4.1.3. Money Demand Test

The fact that "A stable demand for money 1s a prerequisite for an efiicient conduct
of monetary policy” is well emphasised 1n the hierature of monetary economcs  In other
words a stable relationship between money, income and interest rates 1s encouraging for

monetary targeting. A choice between competing monetary aggregales as monclary

‘pandqmthecpﬁmalhgkngﬁsdmmthctnﬁdelmlhuﬁamEanmhu
Akaike(1969).
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targets can therefore be made by estimating the demand for money functions and
examuning the relationship between the aggregates and real national income For this
purpose, simple money demand functions are formulated and estimated by ordinary least

squares method

The model estimated here is of the following form

In(M/P) = apg + ap In(GDP/P) + azr+u (4 6)

where M 1s Divisia or Simple sum monetary aggregate. GDP 1s nominal gross domestic
product, P 1s the price represented by the Whole sale price index(WPI), r 1s the
opportunity cost variable proxied by 12 month time deposit rate for simple sum aggregates

and by Divisia user cost dual for Divisia aggregates

The model stability 15 examuned through CUSUM square plots developed by
Brown, Durbin and Evans(1975) In the CUSUM squared test the test statistic iz,
CUSUM square(Sy) ts plotted against time and the plot 1s exarmuned in terms of the 95%,
confidence interval around its mean E(S;) If the cumulative sum{S;) plots strays outside
the confidence bounds, the null hypothesis of no parametnc instability 1s rejected, viz, a
structural shift 1n the parameters 1s said to have occurred at the corresponding break

pomnt(s) Details of the CUSUM squared test is presented 1n appendix-A

For the monthly data, we also employ the Johansen-Juselius comntegration test n
order to examune the long run relanonship underhing the moncy demand funcuons,
searching for the existence of at least one coinmtegranng vector As a prerequusite for thas
test KPSS unit root test due to Kwiatkowski, D, Philips, P C B, Schmidd, P and Shen,
Y(1992), has been conducted to ensure that the vanables considered in the analyws are
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non-stationary Details of the KPSS unit root test and the Johansen-Juselius test are

presented in the Appendix-A.

4.2. ANALYSIS OF RESULTS:

4.2.1. Annual Data

The mean and standard deviation figures of money growth rates(both Divisia and
Simple sum) are presented in table 4 1  As the figures show DM1 and DM2 fluctuate less
than their sum counterparts Fluctuations in the growth rates of all other Divisia monetary

aggregates are far more than therr sum counterparts

The results of the information content test are reported in table, 4 2 It 1s clear
from table 4 2 that nomunal simple sum M7 contains the highest information for nomunal
GDP whereas the information content of real Divista M1 1s the highest for real GDP and
that of nomunal Divisia M3 1s the highest for pnces(WPIl) For nomunal GDP as the goal
vanable all Divisia aggregates except DM7 are ranked higher than their simple sum
counterparts Simularly excepting SM2 and SM7 all Divisia ageregates are ranked higher
than their sum equivalents with respect to WPl In case of real GDP however, sum
aggregates appear 1n higher ranks than the Divisia ones except RDAMI Thus the overall

results indicate a clear edge for Divisia aggregates

In the Davidson-Mackinnon J-Test, the goal vanables chosen 1o be explained by
different monetary aggregates are real GDP, nominal GDP, and pnces(WPI) The J-test
results are presented in tables 4 3, 4 4 and 4 5 for goal vanables real GDP, nomnal GDP
and Prices respectively. Rejection of a specificanon agamst the other 1s judged with the
help of t-statistics quoted in the paremheses i the tables Rejectson of both the
hypotheses imply neither model provides complete speaficanon  No conclusion can be



86

drawn 1if none of the specifications is rejected Rejection of one specification against the
other implies the dominance of the latter on the former It is evident from table 4 3 that
for the goal vanable real GDP the test results do not say anything conclusive as the cases
are either of rejection or nonrejection of both the hypotheses It is therefore dificult to
say which aggregate should be preferred to what With respect to nominal GDP(see table
4 4), the test favours the Divisia model in case of DMS5 versus SMS5 whereas rest of the
cases are are not conclusive Table 4 5 summarises results for goal vaniable WPI, where,
in three cases viz, DM4 versus SM4, DMS5 versus SMS5 and DMG6 versus SM6 simple

sum aggregates dominate their Divisia counterparts Rest of the cases do not yield any

conclusion

The results of money demand estimations through OLS are presented 1n table 4 6
As shown 1n the table, both income and opportunity cost coefficients bear the expected
signs excepting DM1, DM2, DM3, and DM4 where the opportunity cost vanable though
insignificant bears a positive sign  In DM7 and SM7 specifications the opportunuty cost
coefficients exhibit expected signs and statistically significant  The income coefficients in
all the specifications are sigmficant at 1% level The income elasticity 1s greater than unity
in all the money demand specifications All the Divisia money demand elasticities are
greater than the simple sum money demand elasticiies DM3 DMS, DM6 and DM7?

specifications have a better fit than thetr sum counterparts as indicates by the R2

The in-sample predictivity of the above monecy demand relanons 1s examned by
calculating Theil's U statistics When compared with Divisia money, sumple sum money
seems to have better predictive power in all specificanions  As has been menioaed m
section 4 1.3 to investigate the stability aspect of the above money demand relanonshps
CUSUM square plots are used The plots presented in figures (1) to (14) correspond 1o
aggregates DM1, SM1, DM2, SM2, DM3, SM3, DM4, SM4, DMS, SMS, DM6, SMS,
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DM7, and SM7 respectively It is clear from the figures with 95% confidence intervals
that all money demand relationships with Divisia as well as Simple sum aggregates are
stable throughout the sample except DM7 and DM2. DM2 specification shows a minor
kink around the year 1984 whereas DM7 specification shows a major kink duning the

period 1976 to 1984 indicating a presence of structural breaks around those periods

4.2.1.1. Concluding Remarks

The overall results of the above discussed tests for annual data reveal the fact that
Divisia monetary aggregates do not seem to outperform their simple sum counterparts
However, performance of the Divisia aggregates are at least as good as that of simple
sums To be more specific evidence from the J-test has been muxed in nature Information
content tests show shght dominance of Divista aggregates and Divisia money demand

stability is as good as that of simple sums'’

4.2.2 Monthly Results

Monetary aggregates that are constructed on monthly obsenations are as the

following

M1 =CU + DD
M2=CU+DD+ D
M3=CU+DD+TD
M4 =CU+DD+TD+PD
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The empincal performance of these aggregates are examined through (1)
information content test, (1) Davidson-Mackinnon J-test and (ui)Money demand test
including testing long run money demand relationships by using Johansen cointegration

procedure

To begin with table 4 7 summarises the descriptive statistics of the growth rates of
the monetary aggregates The standard deviation figures of growth rates of Divisia M] to
M4 are less than those of simple sum M1 to M4 indicating less fluctuation 1n Divisia
growth rates This may be due to the weighting procedure inherent in the Divisia indices

which smoothens out the growth path of the aggregates

The methodology followed 1n the case of monthly data remains the same as that
followed 1n the annual context The goal vanables chosen here are Index of Industnal
Production(a proxy for monthly income measure} and Whole sale price index(WPI) The
results based on the coefficient of determmation(Re2) are summansed in table 4 8 1 1s
evident from the table that Divisia monetary aggregates have sigmficamt information
content wiath regard to the goal vanables IIP and WPl In particular, normunal DMV?2
contamns the lughest information for IIP and nonunal DM contains the highest informanon
for WPI  All nominal Divisia aggregates are ranked hugher than therr Simple sum
cquivalents with respect to IIP - Simularly with WP1 all Divisia aggregates agan are ranked
higher than the Simple sum ones Real sum M2(RSM2) however, has the highest
information content for IIP But all other real Ihwvisia aggregates contain more
information than their simple sum equivalents as evadent in the hugher ranking 1n the table
The results therefore imply that the Divisia aggregates have an edge over thewr smple sum
counterparts as the former are always ranked higher than the Later

Results of Davidson-Mackinnon J-test are summansed 1 the tables $9 and 4 10
for the goal variables WPI and IIP respectively. As shown in table 4 9 with godl vanable
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WPI in the specification, in two cases viz, SM3 versus DM3 and SM4 versus DM4
Divisia money dominates simple sum money In rest of the cases, it is not possible to draw
anything conclusive Similarly in case of IIP as the goal vanable, Divisia M4 dominates

simple sum M4 The other cases are again either of rejection or non rejection of both the

hypotheses

Formulation of the demand for money function is the same as that in the annual
analysis The scale variable is proxied by the Index of Industnal Production, in the
absence of monthly GDP figures The opportunity cost vanable is call money rate for the
simple sum aggregates and respective Divisia price duals for the Divisia aggregates Table
4 11 presents the OLS estimates of demand for money functions In all the specifications
(having both Divisia and stmple sum) income and opportunity cost vanables exhibit signs
that are consistent with theory All the income coefficients are positive and significant at
1% level The income elasticities are greater than unity except that of DM2 and SM2
where the elasticity 1s close to unity Theil's U statistics imply in-sample predictivity to be

better in simple sum cases than the Divisia specifications

The stability of these relanonships are examuned using CUSUM square plots
Figures 15 to 22 present the CUSUM square plots with 95% confidence intervals
underlying the money demand relationships of SN, DA{1, SN2 DM2 SM35 DM3 SM4
and DM4 respectively It is clear form the figures that all four sample sum moncy demand
relationships are unstable as kinks are observed dunng the penod 1988-1991 indicanng
presence of structural break(s) around that penod Interesungly, all the corresponding
Divisia money demand relationships are stable throughout the sampie This may be
attributed to the theoretical supenority of the aggregates m the sense that the aggregates
account for portfolio changes and imternalise the resuhing substunon effects with the

advent of financial mnovations.



4.3. LONG RUN MONEY DEMAND RELATIONSHIPS

To test long run relationships underlying the money demand relationships the
Johansen-Juselhus(J-J) multivanate cointegration test seems to be appropnate especially in
a monthly context The existence of at least one cointegrating vector ensures a long run
relationship among monetary aggregates, real income and interest rates As the J-J
procedure 1s designed for vanables which are not stationary it is obligatory to conduct
some unit root test to check stationanty properties of the senes To this end, KPSS unnt
root tests (due to Kwiatkowski, D, Phillips, P C B, Schrmudd, P and Shin, Y(1992)) are

conducted to ensure that the vanables used in the cointegration analysis are not stationary

KPSS prowvide a straight froward test of the null hypothesis of stationanty against
the alternative of a umit root The KPSS umit root test statistics for vanables in levels and
vanables in differences are presented in tables 4 12 and 4 13 respectively It is to be noted
that the 5% critical values of the test wath trend and wathout trend are 0 146 and 0 463
respectively A rejection of null hypothesis requires statistically sigmficant values more
than 0 146 for with trend and O 463 for without trend It 1s clear from the tables that the
statistics for vanables in levels with trend and without trend are more than the cninical
values and the statistics for vanables in their first differences are less than the cntical

values which means that all vanables are non stationany viz  integrated of order one(1(1))

The Trace statistics of the J-J estimates suggest the custence of two countegraung
vectors among monetary aggregates, index of industnal production and opportumty cost
variables for all the specifications as the null hypothesis of one or less comiegraimg
vectors is rejected at 5% significance level The A max stanstics 100 suggests aasience of

two cointegrating vectors excepting DM1 and DM?2 specficanons the as the null
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hypothesis of one or less cointegrating vectors is rejected at 5% significance level Both
these statistics for selection of number of cointegrating vectors along with the two
estimated cointegrating vectors are presented in table 4 14 The cointegrating vectors in
general exhibit signs in accordance with theoretical precepts dpl, dp2, dp3 and dp4 in
table 4 14 refer to the divisia price duals of DM1, DM2, DM3 and DM4 respectively Lag

length employed is chosen by Akaike's Information criterion
4.4. MONETARY AGGREGATES WITH AN ADDITIONAL ASSET

In this section four new monetary aggregates (two stmple sum and two Dimwisia)
consisting of a new asset called certificate of deposit(CD) with CU and DD are
constructed It is to be noted that the nonparametric weak separability tests conducted 1n
Chapter III yielded (CU, DD) and (CU, DD, CD) as two new weakly separable groups
Here, we do not consider time deposits as a component as the data on time deposits
published by the RBI includes certificate of deposit(CD) too Therefore, the purpose 1s to
treat certificate of deposit as a separate asset and the scparability inference also
strengthens the case Then the extended aggregates constructed are as the following for

the monthly sample from 1994 04 to 1996 07

SM = SIMPLE SUM (CU+CD)

DM = DIVISIA (CU+CD)

SMN = SIMPLE SUM (CU+DD+CD)
DMN = DIVISIA (CU+DD+CD)

Before proceeding to the empincal performance of these aggregates 1t 1s necessary
to make a note on the instrument in brief which 15 artempted in the followmng sub secnon
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4.4.1. A Note on Certificate of Deposit

Certificate of deposit(CD) is a relatively new money market instrument in the
Indian money market CDs have been introduced in India 1n June 1989 Following the
suggestion of the Vaghul working group(1987) recommended introduction of CDs in
India Subsequently the RBI permitted banks to 1ssue CDs in June 1989 The objective
was to further widen the range of money market instruments and to give investors greater
flexibility 1n the deployment of their short term surplus funds Bhole(1992) traces the
evolution of CDs 1n India and other countnes A comparative account of the operational

aspects 1in India and other countries 1s also presented in Bhole(1992)

Following Bhole{1992) the main features of the instrument may be summansed as

follows

(a) CDs are transferable, negotiable, short term, fixed interest beanng matunty dated

highly hiquid and nskless money market instruments

(b) CDs can be issued to individuals, corporations, compames, trusts, funds and

associations and NRls

(c) The matunty penod of CDs vanes from 3 months to | year and the rate of interest on

1t 18 also market determined
4.4.2. Performance of Extended Monetary Aggregates
The descriptive statistics of the growth rats of the aggregates are presenied tn table

4 15. It is clear from the table that Divisia aggregates grow slowty and Buctuate less thar
their sum equivalents This is an expected theoretical property of Dnisia aggregates
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wherein the actual contnbution of the newly added assets to the total hquidity flow is
properly captured On the other hand simple sums with new assets may be misleading
some time showing a sudden spike in the aggregate's growth. This fact i1s supported by
the plots given in figures 23 to 26 Figures 23 and 25 show the trends in(DM, SM) and
(DMN, SMN) whereas figures 24 and 26 show growth rates of (DM, SM) and (DMN,
SMN) respectively As evident from these graphs in certain periods the growth paths of

Divisia aggregates are just the opposite to that of the sum aggregates

Information content test results show that for IIP, the nominal sum aggregates are
ranked higher than their Divisia counterparts Aggregates SMN, RDMN contain the
highest information for prices and IIP respectively SMN also contains the highest

information for IIP The sum aggregates therefore have higher ranks than the Divisia

ones

Coming to the money demand estimations, OLS results show that in all
specifications of the extended aggregates, interest rates or Divisia pnce duals bear
expected signs They turn out to be statistically insigruficant 1in cases of SM and SMN
whereas for DM and DMN they are found to be insignuficant However the income
coefficients are statistically sigruficant 1n all the cases Also, the income elasticity 1s more
than unity 1n all cases except that of DM So far as the in sample prdictivity 1s concerned
DM can predict better than SM whereas SMN has better predictaty power than DMN

The stability of the relationships 1s examuned wath the help of CUSUM square plots
with 5% confidence bands As shown 1n figures 27 10 30 Divisia money demand for both
the extended aggregates is stable The simple sum moncy demand refanoaships on the
other hand are not stable as 1s clear from the kinks observed



4.5. SUMMARY OF RESULTS AND CONCLUDING REMARKS

The results of different tests conducted with the annual data in general show that
the sum aggregates perform as good as their Divisia counterparts However, the
information content test and J-test results are mixed for some groupings For these tests

the Divisia aggregates dominate their simple sum equivalents

The results of monthly data clearly establish the supenonty of the Divisia
aggregates in terms of their information content, the J-test and money demand test The
money demand relatioships with simple sum money expenence structurel breaks around
the period 1990-91 whereas those of the Divisia money are stable throughout The
structural shift thus observed in the simple sum case may be attnbuted to the ensuing
financial innovations The stability of the Divisia money demand 1s due to its theoretical

supenonty, especially its ability to internalise the substitution effects caused by portfolio

shifts in a penod of financial innovations

The long run money demand relations of the two aggregates are examuned by using
the the Johansen-Juselius(J-J) cointegration test The J-J results indicate exustence of two
comntegrating vectors in all cases thereby establishing the fact that there exists a long run

relationship underlying all the money demand functions(both Divisia and simple sum)

We also considered a relatively new asset, the certificate of deposi(CDs) for
possible inclusion in monetary aggregates as a separate ennty  The data published by the
RBI on time deposits(TD) wincludes this mstrument  Though CD 1s bascalh a kind of
fixed deposit, it is different from other term deposit components of TD mn one respect iz
the rate of return on it is market determined. As our weak separabibty tests m chapeer 11
evidenced (CU, CD) and (CU, DD. CD) as theoretically admissible groups, we tned to
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form some economic monetary aggregates using these combinations While studying
properties of these aggregates, we found the Divisia aggregates have a reasonably stable
demand specification. To avoid collineanty we avoided addition of time deposits as a

component to the above mentioned groupings

To conclude, the theoretical supenonty of the Divisia monetary aggregates can be
realized better at higher levels of aggregation with a widened asset base with more interest
yielding assets under consideration. The tests that are used m this chapter to prowide 2
comparative account of the empincal performance of these aggregates do not exhaust the
tests previously employed in the literature. Due to data limitations some of these tests ke
the St. Lous could not be conducted. For instance we do not have data on monthly
government expenditures which is necessary for studying the relative importance of

monetary versus fiscal actions.



Table 4.1
Descriptive Statistics of Growth rates of Monetary Aggregates

(Annual Data)

Monetary Aggregates Mean Standard Deviation

14.48 479

14.73 4 84

E=
4

SM2 14.17 467




Table 4.2
Monetary Aggregates Ranked according to
their Information Content(Based on R2.)

(Annual Data)

Rank Nominal GDP Real GDP WPI I
1 SM7 RDM1 DM3 |
2 DM?7 RSMI DM4
3 DM?2 RSM7 SM2
4 DMI RDM7 DM2 |
5 DMS5 RDM2 DM6
6 SM2 RSM6 DMS
7 SM1 RSM2 DM
8 DM6 RSMS SM4
9 DM4 RSM3 SM3
10 DM3 RSM4 SMS
11 SMS RDM6 SM6
12 SM4 RDM3 SM7
13 SM6 RDAS DM\7
14 SM3 RDM4 SMI

Note Prefixes *D", "S", and "R" refer to Divisia, ssample sum and “in real terms”®
respectively



Table 4.3

DAVIDSON AND MACKINNON(1981) J TEST

Hg : GOAL = BDIVISIA + Uj

H; : GOAL =ySUM + U
GOAL = REAL GDP

oR

(Annual Data)
RDM1 v RSM1 Reject Hy Reject Hy Neither model
(-3 59) (5 23) provides complete
specification
RDM2 v RSM2 Do not reject Hy Do not eject H] | Cannot reject erther
(-0 51) (1 03) specification
RDM3 v RSM3 Reject Hy Reject H) Neither model
(-3 53) (571) provides complete
specification
RDM4 v RSM4 Reject Hg Reject H) -do-
(-3 02) (515)
RDMS v RSMS5 Reject Hy Reject H -do-
(-273) (5 54)
RDM6 v RSM6 Reject Hy Reject H) Nerther model
(-337) (6 26) provides complete
specificanon
RDM7 v RSM7 Reject Hy Reject H) -do-
(-4 98) (5 45)

Note:Figures 1n parentheses are t-statistics.



Table 4.4

Hg : GOAL = BDIVISIA + Uy

Hj : GOAL = ySUM + U;

GOAL = GDP

(Annual Data)

DAVIDSON AND MACKINNON(1981) J TEST

DM1 v SM1 Reject Hg Reject Hj Neisther model
(-275) (4 15) provides complete
specification
DM2 v SM2 Do not reject Hgp Do not eject H; | Cannot reject either
(-0 06) (0 53) specification
DM3 v SM3 Reject Hp Reject H) Neither model
(-2 12) (4 06) provides complete
specification
DM4 v SM4 Reject Hy Reject H) -do-
(-1 86) (3 71)
DMS v SM5 Do not Reject Hy Reject H) Summation model
(-135) 371) rejected but Divina
model 1s not
DM6 v SMé Do not reject Hy Reject H) -do-
(-162) (411
DM7 v SM7 Do not reject Hp Do not reyect H) | Can not reyect enther
(-127) (-1 06) specificanon

Note:Figures in parentheses are t-statistics.




Table 4.5

DAVIDSON AND MACKINNON(1981) J TEST

Hp : GOAL = BDIVISIA + Uy

Hj : GOAL = ySUM + U,

GOAL = WPI

(Annual Data)

100

DM] v SM1 Reject Hy Reject Hj Neither model
(-2 89) (-2 61) provides complete
specification
DM2 v SM2 Reject Hy Reject H) -do-
(2 96) (457)
DM3 v SM3 Reject Hg Do not reject Hy Divisia model
(2 24) (-1 34) rejected but sum
model 1s not
DM4 v SM4 Reject Hp Do not reject H) -do-
(2 32) (-1 47)
DMS5 v SM5 Reject Hy Do not regect H) -do-
(2 63) (-1 58) W
DMé6 v SM6 Reject Hy Do not reyect H) -do-
(257) (-145)
DM?7 v SM7 Reject Hg Reject H) Nerther moded
(2 23) (-2 16) provxdes compicte
specihcanon

Note:Figures 1n parentheses are 1-statistics.



101

Table 4.6

OLS Estimates of Money Demand Functions

(Annual Data)
Dependen | Constant Real Opportuni R2 D.W. Theil's U
tVariable GDP ty Cost
DM1 897 115° 0 006 0 98 125 0 004635
(1499) | (124
SM1 -5 86 136 -0 021 098 124 0 002553
(19 79) (-147)
DM2 2753 111" 0 003 098 120 | 0004091
(13 95) (061)
SM2 -4 60 126" -0 022 098 139 0 002361
(19 81) (-1 78)
DM3 11 52 148" 0 002 098 053 0 00554
(14 93) (0 85)
SM3 997 176" -0 003 096 027 0 004662
(1296) | (-0118)
DM4 -10 95 1427 0 002 97 058 0 005196
(15 33) (077)
SM4 924 171" -0 006 097 031 0 004246
(13 67) (-023)
DM5 -11 45 149% -0 0006 098 0 58 0 004747
(2221) (-0 32)
SMS -9 61 172° -0 006 0 9 030 | 0004246
(1408) | (-026)
DM6 21227 156 -0 0006 0 98 052 0 005159
(21 65) (-0 27)
SM6 -10 48 179" -0 003 0 96 026 | 0004729
(13 18) (-0 12)
DM7 496 108" 002 098 102 0 003943
(17 24) (:214)
SM7 2 69 107" -0 003 097 1 42 0 002267
(18 24) (-2 87)

Note Values inside parentheses are t-statistics
* indicates significant at 1% level
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Table 4.7

Descriptive Statistics of Growth rates of Monetary Aggregates

(Monthly Data)

Monetary Mean Standard
Aggregates Deviation |

M1 128 167

M2 1.24 160

M3 139 308

M4 1 36 273

DM1 127 1 65




Ranking of Aggregates according to their

Information Content Based on R2«

Table4.8

(Monthly Data)
[=_______—__-_

RANK 1P WPI P
I DM2 DM] RM2
2 SM2 SM1 RDM2
3 DM] DM2 RDM1
4 SM1 SM2 RSM|
5 DM4 DM3 RDM4
6 DM3 DM4 RDM3
7 SM4 SM3 RSM4
8§ SM3 SM4 RSM3
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Table 4.9

DAVIDSON AND MACKINNON(1981) J TEST

Hy : GOAL = BDIVISIA + Uy
Hy : GOAL =ySUM + Uy

104

Note: Figures in parentheses are t-statistics

GOAL =WPI
(Monthly Data)
SM1 vDMI Donotreject Hy | Donotreject Hy [ Can not reject
(-0.25) (046) either specification
SM2 v DM2 Donotreect Hy | Do not reject Hy -do-
216) (197 ,
SM3 v DM3 Do not reject Hy Reject H) Summation model
(029) (491) rejected but
Divisia model 1s
not
SM4vDM4 | Donotreject Hy Reject Hy -do-
(036) (844)




Table 4.10

DAVIDSON AND MACKINNON(1981) J TEST

Hy : GOAL =BDIVISIA + Uy
Hy:GOAL=ySUM+ 1

105

Note: Figures in parentheses are t-statistics

GOAL=1IP
(Monthly Data)
SM1 vDMI Donotreject Hy | Donotreject Hy | Can not reject
(-132) (141) erther specification
SM2 vDM2 Reject Hy Reject H) Neither model
(-3 16) (3 24) provides complete
spectficaton
SM3 vDM3 Donotreject Hy | Donotreject Hy | Cannot reject
(0.463) (0 462) either
specification
SM4 v DM4 Do not reject Hy Reject Hy Summation model
(-217) (-4 33) rejected but
Divisia model 1s
not




Table 4.11

Money Demand Equations (Estimated by OLS)

100

(Monthly Data)
Monetary | Constant ITP Opp Cost | R2 | D.W | Theil'sU
Aggregates
DM1 0.15 1.03"° -0.002 | 097 | 1.12 | 0.003807
(46.69) | (-0.81)
SM1 5.29 1.02* -0.0001 | 0.97 [ 1.08 | 0.001933
(60.29) | (-0.22)
DM2 0.36 0.98* -0.002 | 0.97 | 1.12 | 0.003667
(48.68) | (-0.84)
SM2 5.66 0.97* -0.0001 | 0.97 | 1.09 | 0.001820
(60.00) | (-0.20)
DM3 -0.11 1.07" -0.0009 | 0.97 | 1.04 | 0.003730
(65.14) | (-1.38)
SM3 5.91 .n* -0.001 | 0.97| 0.98 | 0.001837
(62.50) | (-1.87)
DM4 -0.02 1.05" -0.0009 | 0.97 | 1.04 | 0.003660
(65.17) | (-1.33)
SM4 6.05 1.09" -0.001 [ 097 0.99 | 0.001793
. (62.61) | (-1.39)

Note: Figures in parentheses are t-statistics.

* indicates significant at 1% level.
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Table 4.12
KPSS Unit Root Statistics
for Variables in Levels
(Monthly Data)
Without Trend With Trend

Variable | k=1 k=2 k=3 k=4 =1 =2 =3 k=4

S

Irdm1 6.7551 | 4.5548 | 3.4516 | 2.7887 | 0.3797 | 0.271% | 0.2178 | 0.1855
Irdm2 6.7424 | 4.5468 | 3.4458 [2.7843 | 0.3824 | 0.2734 | 0.2188 | 0.1861
Irdm3 6.0167 | 4.5847 | 3.4732 | 2.8055 | 0.816S5 | 0.5751 | 0.4517 | 0.3756
Irdm4 6.7982 | 6.7982 | 4.5825 | 3.4716 | 2.8043 | 0.8041 | 0.5661 | 0.4446
Irm1 6.7571 | 4.5565 | 3.4530 | 2.7899 | 0.3722 | 0.2707 | 0.2172 | 0.1852
Irm2 6.7418 [ 4.5468 | 3.4460 | 2,7846 | 0.3793 | 0.2716 | 0.2176 | 0.1853
Irm3 6.8112 | 4.5907 | 3.4776 | 2.8089 { 0.8792 | 0.6163 | 0.4827 | 0.3999
Irm4 6.8086 | 4.5891 | 3.4765 | 2.8089 | 0.862]1 | 0.6043 | 0.4734 | 0.3923
liip 6.5874 | 4.4516 | 3.3780 | 2.7315 | 0.4916 | 0.35%% | 0.2914 | 0.2435
scallr 0.5174 | 0.3968 | 0.3309 [ 0.2849 [ 0.3912 | 0.3010 [ 0.2519 [ 0.2174
dpl 2.9147 | 2.0556 | 1.6032 | 1.3145 | 0.9590 | 0.6922 | 0.5439 | 0.4537
dp2 3.0318 |2.1219 | 1.6467 | 1.3474 { 0.9882 | 0,7058 | 0.5856 | 0.4578
dp3 1,0267 | 1.0267 | 0.6991 | 0.5345 | 0.4357 | 0.96¢78 { 0.64594 | 0.504)
dp4 1.0147 | 0.6909 | 0.5283 | 0.4307 | 0.949S | 0.6605 | 0.5052 | 0.4119

Note:Here K refers to lag lenzth. The critical values for the test at $% level of ugauficasce wuth
trend and without trend are 0.146 and 0.463 respectivel). I and “r” refer w0 “log™ and “read™

respectively.




Kpsss Unit Root Statistics

Table 4.13

for Variables in First Differences

108

(Monthly Data)
Without Trend With Trend

Variable | k=1 k=2 k=3 k=4 k=1 k=2 k=3 k=4

s

Alrdml | 0.0316 | 0.334 [0.354 [0.040 |0.025 |0.026 |0.028 | 0.032
Alrdm2 | 0.031 |0.032 |0.034 |0.039 }0.025 ]0.027 |0.028 |0.033
Alrdm3 | 0.103 |0.114 | 0.133 | 0.161 0.046 |0.052 | 0.061 0.074
Alrdm4 | 0.099 |[0.110 |0.128 |0.154 | 0.046 |[0.052 | 0.061 0.074
Alrm1 0034 |0.036 |0.038 |0.043 |0.025 ]0.027 |0.029 |0.31}
Alrm2 0.032 ]0.034 | 0036 |0.041 0.026 |0.027 (0.29% | 0338
Alrm3 0.143 [0.160 |0.189 |0228 |0.057 (0.064 |0.077 |0.094
Alrm4 0.136 |0.152 |0.181 0.217 [0.057 |0.064 |0.076 |[0.093
Aliip 0.061 0.068 |0.080 [0.091 0.047 |0.052 | 0.061 0.069
Ascallr 0.015 ]0.020 |0.029 |0.036 [0.012 [0.006 |0.023 |[0.029
Adpl 0.095 [0.119 (0.193 |[0.235 |0.017 |0.224 |0.037 | O0.464
Adp2 0.109 (0.135 |0.213 |0.253 |0.01% |0.024 |0.039 |0.435
Adp3 0.262 |0.265 |0.266 |0.261 |0.085 ]0.087 |0.038 | 0.0%7
Adp4 0.263 | 0.266 |0.267 |0.261 |0.084 |0.037 |0.088 | 0037

Note:Here K refers to lag kength. The cntical values for (he test at $% bevel of ugmificasce with
trend and without trend are 0.146 and 0.463 respectivedy. A is the difTference speratar “T and “¢”

refer to "log™ and "real™ respecthvely.




Johansen-JuseliusCointegration Test

TABLE 4.14

for MoneyDemand Stability

109

(Monthly Data)
System Null Trace A Max Cointegrating
Vectors

Irdm1, liip, r=0 56.7589" 34.2778" [1.00 1.08 -0.003)
dpl r<1 22.4811" 14.8724 [1.00 1.03 -0.01]

r<2 7.6087 7.6087
Irdm2, liip, r=0 57.6486" 35.2070" [1.00 1.03-0.003}
dp2 r<1 22.4416" 15.1643 [1.00 0.98 -0.01]

r<2 7.2773 7.2773
Irdm3, liip, r=0 65.2624" 37.6669" [1.00 1.20 0.006]
dp3 r<1 27.5954" 21.0456" [1.00 1.08 -0.001]

r<2 6.5498 6.5498
Irdm4, liip, =0 65.2622" 37.3940" [1.00 1.21 0.00%)
dp4 r<1 27.8682" 21.3311° [1.00 1.06 -0.001]

r<2 6.5371 6.5371
Irm1, liip, callr =0 56.6435" 30.9629" [1.00 1.06 -0.002]
r< 1 25.6806" 18.4036" [1.00 1.07 -0.009]

r<2 7.2770 7.2770
Irm2, liip, callr [ r=0 57.3178" 31.7669" [1.00 0.99 -0.002)
r< 1 25.5508. 18.3590" [1.00 1.01 -0.009)

r<2 7.1918 7.1918
Irm3, liip, callr | r=0 79.1165" 46.0506" [1.00 1.07-0.01)
r<l1 33.0659" 25.7730° [1.00 1.43 -0.00%)

r<2 7.2929 7.2929 |

Inn4, liip, callr| r=0 79.2642° 45.6772° [1.00 1.06 -0.01)
r<1 33.5870" 26.3317" [1.00 1.12 -0 005]

r<2 7.2553 7.2553

Note: * denotes significant at 5% level. "1"and “r” refer 10 "log™ and “real® respecineh



Table 4.15
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Descriptive Statistics of Growth rates of

Extended Monetary Aggregates

(Monthly Sample 1994:04 1996:07)

MONETARY MEAN STANDARD
AGGREGATES DEVIATION
SM 229 372
DM 107 2 48
SMN 192 257 |
DMN 107 192 I
Table 4.16

Extended Aggregates ranked according to their

Information content base on R2.

RANK 1P WPI 1P
1 SM SMN RDMN
2 SMN SM RS\
3 SM DM RSMN
4 DM DAN RDA\M




OLS estimates of Money Demand Equations

Table 4.17

for Extended Aggregates
(Monthly Sample 1994:04 1996:07)

111

Note * indicates significant at 1% leve
g

Monetary Constant 1P Opp. | R? | D-W.| Theil's

Agoregates Cost U

DMN 0.13 110" | 00006 | 085| 069 | 0002969
5% | (025)

SMN 11,25 217" | 0004" | 086] 089 | 0002914
(1141) | (-206)

DM 204 048" | -0002 |OSI| 074 | 000371
(548) | (-121)

M 142 194" | -0005 {076| 081 | 0003863
(388) | (-192)




Figure 1. Divisia M1 (Annual Observations)
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Figure 3. Divisia M2 (Annual Observations)
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Figure 5. Divisia M3 (Annual Observations)
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Figure 7. Divisia M4 (Annual Observations)
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Figure 8. Simple Sum M4 (Annual Observations)
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Figure 9. Divisia M5 (Annual Observations)
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Figure 10. Simple Sum M5 (Annual Observations)
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Figure 11. Divisia M6 (Annual Observations)
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Figure 12, Simple Sum M6 (Annual Observations)
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Figure 13. Divisia M7 (Annual Observations)
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Figure 15. Simple Sum M1 (Monthly Observations)
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Figure 16. Divisia M1 (Monthly Observations)
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Figure 17. Simple Sum M2 (Monthly Observations)
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Figure 18. Divisia M2 (Monthly Observations)
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Figure 19 Simple Sum M3 (Monthly Observations)
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Figure 20. Divisia M3 (Monthly Observations)
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Figure 21. Simple Sum M4 (Monthly Observations)
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Figure 22, Divisia M4 (Monthly Observations)

125

-—— CUSUM of squares .. 3% significance,

1 00 4 y

075 -

0 50 4

0.25

0.00

_0 25 =T =T - =T T v * g - ——

85 86 87 88 89 90 91 92 93 94 93 S6



Figure 23 Time Path of DM and SM
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Figure 25. Time Path of DMN and SMN
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Figure 27. CUSUM Square Plot of DM
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Figure 29. CUSUM Square Plot of DMN
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CHAPTER -V

CURRENCY EQUIVALENT MONETARY
AGGREGATES

5.0. INTRODUCTION

In this chapter an attempt 1s made to examine the empincal performance of a new
monetary aggregate called the Currency equivalent monetary aggregate(CEMA) The
assets considered here are (1) currency with the public(CU), (u) net demand deposits with
all commercial and cooperative banks(DD), (i) net time deposits with all commercial and
cooperative banks(TD), (iv) post office savings deposits{(PD) The rest of the chapter 1s
organised as follows Section 51 breifly discusses the theoretical basis of CEMA and
reviews the available evidences on the aggregate In section S 2 empincal findings of
some standard tests regarding the performance of the aggregates are presented A
comparnison between CEMA and its simple sum counterpart 1s also presented here

Concluding remarks are offered in the last section

5.1 THEORETICAL FOUNDATION OF CEMA

The currency equivalent monetary aggregate (CEMA) 1s a ume varying weighted
average of the stocks of different monetary assets, the weighis being each asset’s yrweld
relative to that on a benchmark "zero liquidity asset® The CEMA represents the stock of
currency that would be required by households to obtain the hqusdiry servaces that they get
from the whole spectrum of monetary assets. The aggregate is also imvanam to changes mn
asset characteristics and equals the sum of individuals' CEMA holdings CEMA was
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originally concieved by Hutt(1963) and later developed by Rotemberg(1991) Rotemberg
et al , (1995) denved the aggregate from a utility framework. CEMA is given by

CEMA= Y ((rP -ri) / r®) my (51)

where rb is rate of return on a benchmark asset, r.i rate of return on ith monetary asset,

m,l is the ith monetary asset, (I;? - 1;1) / 1;P) is weight assigned to the ith asset

As shown in Rotemberg et a/(1995) the aggregate 1s derived from an individual's

expected hifetime utility function in period "t" say V; and 1s given by

Vi = Bt 3 B U(Cpip, Liy) (52)
1=0

where E; takes expectations as of time t, B 1s an intertemporal discount factor, Cq 15
consumption, Ly 1s the aggregate of lquidity services and U gives the level of

mnstantaneous utility The function U is assumed to be concave in both arguments

The aggregate of liquidity services is given by

Ly = f(mg,, myq, Mgy, Oy (53)

where mg ; denotes the amount of currency held at ume t and m, y represents the amoun
of asset 1 held at t q,, the time varying parameter capiures the vananons in the hquadirty

services provided by the assets due to changes in their charactenstics over ume

Assuming f to be additively seprable in currency and other monctary assets and
linear homogeneous, Rotemberg ef al..(1995) proved that the aggregator fincton fn
(5 3) is equivalent to the expression (5.1). Though the derivation considers the level of
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hquidity held by an individual, the sum of the L's held by all individuals is simply (5.1)
applied to aggregate asset holdings Thus CEMA is a measure of total money stock in the
economy Currency is assigned a weight of one in CEMA and the weights assigned to
other assets decline towards zero as the assets' interest yield increases The very
construction of the aggregate, however, solves the problem of joint services(liquidity and
interest yield) rendred by assets and the dilemma to inlude a particular asset or not This
aggregate has certain advantages First, 1t is capable of yielding comparable levels of
hquidity even when tastes and asset charactenstics change over time Secondly, it can also
be used to compare money holdings across individuals, states and nations  The
separability assumption inherent in CEMA implies that in principle CEMA can be
computed with observations at a single point of time  Finally, CEMA simplifies estimation
of money demand equation in the sense that it studies the demand for total liquidity 1n the

economy

Bamett(1991) showed that Rotemberg's CEMA could be directly denved from
economic theory, treating 1t as a measure of the economic stock of money under stationary
expectations CEMA trnies to measure the monetary capital stock whereas Barnett's( 1980,
1982) Divisia aggregates and the theoretical aggregates denved by Barnett Hinuch and
Melvin(1989) measure monetary service flow in the economy Bamet1(1991) says, = 1
shall refer to the CE index as the Rotemberg AMoney Stock | prove that Rotemberg 1s
indeed correct in viewing his index as a measure of the economic stock of money The
Rotemberg money stock is a special case of the money stock measure denved i1n
Bamett(1978, eq 2, p 148,1980, ¢q3 3,1981, eq7 3, p 196) In particular, my measure of
the stock of money reduces to the Rotemberg money stock under the assumpuoa of
stationary expectations”, CEMA , thus, discounts the monetary service flow 10 present
value, if expectations are stationary Since no parametnc modetng of expectanon

formation is required for stationary expectations, CEMA can be directly produced from
the available current period data.
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Bamnett's(1991) proof goes in the following manner The economic stock of
money defined by Barnett(1987) is the discounted present value of expenditure on the
services of monetary assets Bamett(1978) denved the discounted present value in the

following manner

During period s, let p; be the true cost of living index, let M,; be nominal
balances of monetary asset i, let rjg be the nominal expected holding penod yweld on
monetary asset i, and define m;g = M,S/ps* to be real balances of monetary asset 1 The
current period is defined to be period t, so that s>t The discount rate for penod s 1s

defined to be

Ps = (54)
s—1
[T (+Ry). 1
u=t

As shown 1in Barnett(1978), if the planming honzon T approaches infiity the

following definition for the economic stock of money 1s obtained

Under the assumption of nsk neutrality, the conomc stock of money dunng penod

tis

Vi=Y 3 (s /ps)-(ps (1+41ig)) /ps+ Imys (5 5)

s=1 1=1

Substituting (5.4) and mis=M-15/ps' into equation (5 5) Barmet1(1991) obtained the

Vi = i i [®Rs-ri) / fl (1+Ry)] Mg (5 6)

s=t 1=1 n=t
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Next assumung stationary expectations so that rig = ri;, Rjs=Ry for all s>t and

Mjs, Mg,  ,Mpg) = My, M2, Mpy) for all s > t, Bamnent shows that equation (5.6)

be reduced to

Vi3 3 [Re-rip/ +RYS 1] M,
-3 (Reesi) /ROM (57)

since Z Re-np)/ (1+Rt)s_t+] = ((Re-r;t) / Ry)

s=t

Hence CEMA is equal to the economic stock of money!

5.2. SOME EVIDENCES ON CEMA

Since CEMA has been proposed only recently, there has not been extensive
literature in this area Chrystal and Macdonald(1994) studied the properties of CEMA
alongwith other Divisia and simple sum aggergates for seven countnes namely the United
States, the United Kingdom, Australia, Germany, Switzerland, Canada and Japan The
real currency equivalent measure(RCE) featured signuficantly in the real output equanon
This finding was in line with a previous work by Belongia(1993) where sigmficam
influence for this measure was also witnessed The Akaike informanon cntenon (AIC)
test in a St Louis framework favoured the currency equivalent measure in WO cases iz

MI1A versus CE and M1 versus CE

1}t may however be poted that CEMA and Drvisia index measure two differest vanabics and taerefore
neither is a substitute for the other as has been pointed out by Barnert(1990). As a measore of tee siock of
moncy, Rotemberg’'s CEMA might be a major improvement over the official smple sum 2ZSTCgaics.



132

Rotemberg et al/, (1995) using US monetary data examined empirically the
performance of CEMA in relation to real macro variables The assets considered in the
study were currency, demand deposits, travelers’ checks which do not yield interest and
other checkable deposits, savings accounts at commercial banks, money market accounts
at commercial banks and money market accounts at thnft institutions which yield interest
Tests of Granger causality, Engle-Granger cointegration showed CEMA to predict output
movements better than simple sum aggregates such as M1 and M2 The robustness of the
bivariate results was examined in a VAR framework, where monetary impulses were

found to permanently raise prices and temporanly raise output and lower unemployment

5.3. EMPIRICAL FINDINGS

In the present study, currency equivalent monetary aggregate )s constructed over
four assets namely, CU, DD, TD, and PD for the monthly sample 1985 04 to 1996 09
For the purposes of companson, its simple sum counterpart which closely corresponds to
the offiicial M4 as compiled by the RBI 1s also constructed The performance of CEMA 1s
evaluated through the information content test, the Davidson-Mackinnon J-test and money

demand stability test The results of different tests conducted are as follows

5.3.1. Descriptive Statistics and Information Content

The mean and standard deviation of the growth rates of monetary aggregates and
goal variables are given in the following table
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Table 5.1

Monetary Aggregates Mean Standard
Deviation

CEMA 1 408 2512

M4 1359 2733

Goal Variables
11P O 664 4 544
WPI 0 622 0 546

It is clear from the standard dewviation figures that simple sum M4 fluctuated more

than the CEMA

The aggregates are ranked according to their information content based on RZ as

shown 1n the table below

Table 5.2
Aggregates Ranked according to

Information Content based on R o2

Rank Ip WPI Inr
1 CEMA CEMA | RCEMA
2 M4 M4 RAL4 |

For all the goal vanables CEMA has the highest informanon content
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5.3.3. The J-Test

This test is used to examine the relative performance of CEMA versus 1ts ssmple
sum counterpart 1n explaining the goal variables such as ITP and WPI Results of the J-test

1s summarized in the following tables(from 5 3(a) to 5 3(c))

Table 5.3(a)
The J-Test : Goal Variable = ITP
Hg:Goal = § CEMA + png
Hp :Goal = p SUM + py

M4 vs CEMA | Do not reject Hg | Reject Hj Sum model
(-2 20) (60 04) rejected  but
CEMA
mode! is not

Note:Figures in parentheses are t-statistics

Table 5.3(b)
The J-TEST:Goal Variable = WPI
Hp:Goal = f CEMA + pgo
Hj :Goal =p SUM +

M4 vs CEMA | RejectHp Reject Hj Nather
(-19 92) (-8 44) model
provides
compiete
specificanon

Note Figures in parentheses are t-statistics



Table 5.3(c)
The J-TEST:Goal Variable = IIP
Hg:Goal = B CEMA + g
Hj :Goal = p SUM + g

RM4 V | Reject Hy Do not | CEMA  model
RCEMA (877 reject Hp rejected but sum
(2 08) model is not

Note Figures in parentheses are t-statistics

As evident from the above tables nominal CEMA dominates simple sum n
explaining IIP whereas real sum M4 domnates real CEMA in explaining IIP However

with respect to WPI the test results are inconclusive

5.3.4. Demand for Money Estimations

Simple demand for money equations are formulated here using IIP as the monthly
income measure(scale variable) and call money rate as a proxy for the opportunity cost
variable Table 5 4 below presents the OLS estimates

Table 5.4

OLS Estimates of Demand for Money Functions

Monetary Constant P Call rate Rl | D-W Theil's
Aggregates U
SM4 6 05 109° -0 001 097 | 099 | 0001793

(6261) |  (-189)

CEMA 596 104° -0 0001 09s | 064 | 0002243

(4938) | (-0 01)

Note * indicates significant at 1% level
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In both the specifications the scale and oppurtunity cost variables bear theoretically
expected signs  The coefficient of income vanable is positive and statistically significant at
the 1% significance level The income elasticity is greater than unity. The R2 value
indicates that the simple sum equation has a better fit Simple sum M4 also seems to have
more in-sample predictivity compared to CEMA as implied by the Theil's U statistics The
stability of the above relationships is examined through CUSUM square plots which are
presented in Graphs 5 3 and 5 4 below

Graph §.1

CURRENCY EQUIVALENT MONETARY AGGREGATE
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Graph 5.2

SIMPLE SUM M4

125
_—_ CUSUM of sgquares .. 3% s1gnificance
100
""_ ’_’_’_’/
O 75*‘ - e /'—'—'J -

/

0501 e r#I_J,_//{'J'

025] T e

000

-025

85 8 8 88 83 90 91 92 93 93 95 96

As shown in the above plots, the demand for CEMA s stable throughout the
sample with 5% sigmificance band, whereas the demand for simple sum M4 expennces a
structural break around the year 1989-1990 as a kink 1s observed in the plot around that

penod

The long run equlibnum relations underiying the demand for money functions 1s
studied by employing the Johansen-Juselius muluvanate cowntegranon tests As a
prerequisite for the cointegration test KPSS unit root tests are conducted 10 confum that
all variables under consideration are non-stationary Table $ 5 presents the unn root test

results
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Table 5.5
KPSS Unit Root Test Statistics
WITHOUT TREND WITH TREND

Variable | k=1 k=2 k=3 k=4 k=1 k=2 k=3 k=4

5

Irm4 6 808 4589 |3476 | 2808 0862 |0604 | 0473 | 0392
Ircema 6359 14294 |3258 |2635 1026 | 0070 | 0538 | 0438
lup 6587 4452 |3378 {2731 0491 | 0359 0291 | 0248
callr 0517 0396 0330 0284 0391 [ 0300 [025] | 0217
Alrm4 0137 0153 0181 0217 0057 |0064 |0076 | 0094
Alrcema | 0291 0306 |0326 |0348 0104 |O111 10120 |0 130
Ahlip 0 061 0 068 0 080 0 091 0047 0052 | 0061 {0069
Acallr 0015 0 021 0029 |[0036 0012 0016 | 0023 | 0029

Note Here k refers to lag length, A denotes vanables in first differences

*I* and “r" refer

to "log" and "real” respectively The 5% cntical values are 0 463 wathout trend and 0 146

with trend

The test statistics in the above table show that all the statistics are mgruficant

cnough to reject the null hypothesis of stationanty both wathout and with trend The

upper half of the table shows staustics for vanables in levels and the lower ha!f for

vanables in first differences Statistics for first differences, show that calculated values are

below the cntical values for both with trend and without trend Hence nt 15 minferred that all

the variables are non-stationary and integrated of order one(that is 1(1))
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Having confirmed the non-stationarity of the vanables, the J-J cointegration tests
have been carned out for both the demand for money specifications. The statistics (Trace

and A max) are summanzed in the table 5 6

Table 5.6

J-J Cointegration Test for Money Demand Stability

System Null Trace A max Cointegrating Vctors
Irm4, lip, callr | r=o 79 2642° 45 67712° [100 106 -001]
r<l 33 5870° 26 3317° [100 112 -0005
r<2 72553 72553
Ircema, Ilup, | r=o0 490102° 28 8503° [100 081 -0038]
callr r<l 20 1599" 12 6618° [100 102 -0 0006]
r<2 7 4981 7 4981

Note * denotes significant at 5% level "1" and "r" refer to "log™ and "real” respectively

Both Trace and A max statistics reject the null of one cointegrating vector against
existence of two cointegrating vectors for both the specifications, therby implying the
systems to be stable The cointegrating vectors bear theoretically expected signs  The lag

for the test has been chosen according to the Akaike's information cntenon

5.4. Concluding Remarks

From the above results 1t may be concluded that the Currency equnvalent monctary
aggregate performs as good as the simple sum monetary aggregate  To be specific the
aggregate(CEMA) dominates its sum counterpan in the mformanon content test and

money demand stability test. The J-test results are mixed m anature  However, the new
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aggregate needs further study both theoretically and empincally before it could be used as

an intermediate target 1n the conduct of monetary policy



CHAPTER - V1

SUMMARY AND IMPLICATIONS

Developments m economic aggregation theory and statistical index number theory
have, of late, influenced monetary economists to look at the 1ssue of an appropnate money
stock measure as a fundamental problem of aggregation The main architect of this new
school of thought is William A Barnett whose established theoretical results are popularly
known as the microeconomic monetary aggregates He suggests adoption of Divisia
monetary services indices at the central bank level instead of conventional simple sum
aggregates The research efforts from vanious countnes and the resultant evidences from
some countries in support of these aggregates have enthused Bamett to conclude that
"Under no circumstances should the simple sum monetary aggregates be used to measure
either the flow or stock , except perhaps in investigating the distant economuc past, when
money maybe did not yield interest The simple sum monetary aggregates are an
anachromsm”(1991, pp 238-239) The decade long campaign by Bamett and lhus
collaborators for these indices are based on strong theoretical foundanons However,
results across countries have been sensiive to the existing financial environment
institutional set up, structure of financial services supply, and payments technology A
Bank of England study conducted in the recent past pointed out that, A Dwvisia measure
of money appears to have some leading indicator properties for predicung both nomunal
output and inflation. ..acasccanclcaﬂybcmdcforuthng[)mmmﬂrwof
indicators analyzed by the authorties when forming theyr Judgments on monctary
conditions"(Fisher, Hudson and Pradhan, 1993, p.63).
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In view of the above, the present study tries to explore the feasibility of empincal
implementation of such aggregates in the Indian context for two reasons. First, for the
last several years the Indian monetary policy has veered around monetary targeting The
raison daitre has been well documented in the literature It has also been pointed out in
the annual report of the Reserve Bank of India 1996-97 that "As an altemnative to
monetary targeting, interest rates are often considered as an intermediate target 1n
developed economies where interest rates play an important role in equilibrating markets
The various segments of the financial markets are closely integrated in developed
economies, with interest rates in various markets mutually influencing one another This 1s
not the case in India yet, even though the beginming of such an integration of markets 1s
discernible in recent years With the demand function for money reasonably stable, the
quantity of money plays an important role in determining pnces 1in India  Under these
circumstances 1t 1s better to target money than interest rates”(pp 136-137) Second, the
Indian financial environment has been expeniencing financial innovations 1n terms of (1)
introduction of new money market instruments ke Certificates of deposits, Commercial
papers, Money Market Mutual Funds etc, (1) changes in payments technology by way of

introducing Automated teller machines and use of credit cards etc ,

The present study apphes Barnett's(1982) three step procedure to optimal
monetary aggregates to Indian data to search for some opumal monetary groupings and
studies the relative performance of Divisia versus Simple sum monctary aggregates The
first step of this three step procedure warrants empincal applcanon of a ngorous
theoretical cntenon known as weak separability to ensure that a set of moactary
components chosen for aggregation form a weakly separable block  In the second s1age
one has to choose a statistically good index number (for example the Drvxsia mdex or the
Fisher Ideal index of Diewert's superiative class) to construct what may be known as
cconomic monetary aggregates. The third stage mvolves evaluation of these aggregates’
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performance with respect to the real macro economic vanables such as gross domestic

product, prices etc ,

To fulfill the first step of Barnett's three step procedure, the present study applies
Varian's(1983) nonparametric test for the first time in the Indian context Though in the
previous studies parametric tests have also been employed, we use the nonparametric tests
due to two main reasons viz, (1) the parametnc approach involves specification of a
particular functional form and estimation of parameters which may result in parameters
that are not robust, (11) there 1s less scope for aggregation error when we use separable
groupings obtained from this test since the nonparametnc tests ensure rationahsation of a
well behaved utility function over the data set On the other hand results from a
parametric separability test may be deceptive because the functional form may not be
consistent with all the neoclassical consumer behaviour axioms leaving thereby scope for

aggregation error

The results show that the annual sample 1970-1996 and the monthly sample
1985 04 1996 09 rationalize well behaved utility functions Subsequently, sax groupungs
are discovered for annual data as theoretically admussible groups known as weally
separable groups For monthly data the test yields only two separable groups On the
whole the separabiity evidences are inclined towards broader aggregates The official
money supply measures M3 and M4 as compiled by the RBI are found to be theorencally
admissible groups, both for annual and monthly specificanons whereas M2 emerges as a

separable group for annual specification only Expenmenting with 2 ncw asset called

Certificate of deposit for which data is availble also yickds somc enCOUTagIng scparable

groupings. Using these separable groups, both Divisia and Simple sum aggregates are
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constructed The performance of these aggregates are evaluated in terms of information

content test, non-nested hypothesis testing and stability of demand for money functions

The results of the above tests for annual data are mixed in nature The information
content test shows shight dominance of Divisia aggregates over their sum counterparts
whereas the J-test results are mixed in nature However, the Divisia money demand is
found to be stable except in two cases (Divisia aggregates) namely DM2 and DM7 Al

simple sum money demand relationships, however, are found to be stable

The monthly results give a clear edge to the Divisia aggregates over their simple
sum counterparts 1n all the tests Especially, the CUSUM square plots indicate structural
breaks for simple sum monetary aggregates around the year 1991 whereas no such break
1s observed 1n the Divisia money demand relationships  This change in the simple sum
money demand may be attributed to financial innovations taking place in the Indian money
market during the past few years The stability of Divisia money demand may be duc to
the ability of the aggregate to capture the entire hquidity services available in the economy
and also to account for the substitution effects due 10 compositional shufts in the financial

portfolio

The long run equlibnum relatonships underlying the monthly moncy dermnand
relationships are studied by employing the Johansen-Juseims muhlirnvanate cowntegraton
procedure The test results in terms of the Trace stanstics and A max stansics repect the
null hypothesis of zero cointegrating vectors against the ahermamve of one of more
cointegrating vectors  This implies that there is a long run equiibnum relanooshe
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between real money balances, interest rate(user cost aggregate in case of Divisia

aggregates) and real income

Results of extended Divisia and sum aggregates with CU, DD and CD (as an
additional candidate of money) show money demand to be stable for Divisia specifications
and unstable for sum specifications In terms of information content, however, sum
aggregates are found to be better performers These extended sets are based on the
separability results obtained in chapter three They do not include time deposits as the

data on time deposits published by the RBI include certificate of deposit

In addition to the Divisia aggregates as discussed above the present study also
endeavoures examination of a realtively new aggregation theoretic aggregate called as the
Currency equivalent monetary aggregate{CEMA) by considenng the same four assets viz ,
CU, DD, TD, PD for the sample 1985 04 1996 09 CEMA represents the stock of
currency that would be required by the households 10 obtain the iquidity senvices that they
get from a broad spectrum of financial assets Currency 1s assigned a weight of one i1n the
construction of this aggregate and the weight assigned to other assets 1s smaller depending
upon their rate of retumm The higher the rate of return viz | the higher the mvesiment
services provided by the asset, the lower the weight assigned to 1 Thus aggregate
represents the total monetary capital stock of an economy and has a preference theoretic
foundation as has been proved by Rotemberg ef a/(1995) The Divisia monctany wnxces
indices on the other hand measure the flow of transaction senvices in the ecooomy Our
expenmentation with this new aggregate results in a stable money demand furcnon for
this aggregate, as clearly indicated by the CUSUM square plots whereas that of the szmpie

sum equivalent of this aggregate is unstable around the year 1991 CEMA abso performs
better in the J-test and the information content test.
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Though there is no doubt about the theoretical superionity of the new monetary
aggregates, empirically they have not been able to outperform their simple sum
counterparts in foto. However, 1n some of the tests hke money demand stability the

superiority of the new monetary aggregates is clearly established

In light of the above discussion some suggestions may be given in the Indian
context The Reserve Bank of India has recently set up a working group to judge the
appropnateness of the existing money stock measures in view of the ensuing finacial
sector reforms  One of the objectives of the working group is to examine the adequacy of
the present measures in reflecting liquidity in the economuc system and to consider the
feasibility of possible inclusion of some additional financial assets in the exsting money
stock measures The evidences of the present study encourage addition of some of the
potential candidates of money to the existing money stock measures Al the same time
retaining the practice of simple sum measures may lead to bad measurement It 1s
therefore suggested that a proper data base be developed with corresponding interest rates
earned on the assets to construct Divisia monetary indices  The indicator properties of the
Divisia aggregates can then be studied and these aggregates can be monttored along with
the simple sum counterparts in order to see the plausiblity of their implementation as

intermediate targets in the conduct of monetary policy



APPENDIX - A

METHODS USED IN THE STUDY

A.1. CUSUM Square Test (BDE) for model stability

Departure from model specification can be studied by making use of residuals
The plots of OLS residuals against time or the cumulative sums of residuals against ume,
may not fully reflect the sensitive departures in a model specification Hence, Brown et
al (1975) made use of recursive residuals to examuine departures 1in model specaification
The details of the recursive residual test, alternatively known as Brown - Durbin - Evan

(BDE) test or Cusum Square test, are as follows

Let us consider the basic regression model

Yt=XtBt+ut, t=1,2, .n

where Yy is (t x 1) vector of observations on the dependent vanable X, ts (1 x k) matnix of
observations on k independent variables, By is (k x 1) vector of parameters, and ug 15 (2 x
1) vector of observations on error terms  The suffix "1" 1s used for § also to mdwcate
possibility of its varying over the given "n® time penods It s also assumed that & &
normally distributed with mean zero and variance §2 Now, the null hypothesss (Ho) of
constancy of regression relationship may be written as:
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Hp  B1=B2= Bn = P(say)
§12=25892= 8,2 = 862(say)

Here the emphasis is more on detecting differences among B's than among &'s
Let Bi.1] be the OLS estimate of B based on the series of observations from penod 1
through t-1 Then the prediction error for penod t is given by

et = Yt - Xt Bt-1

where X is a row vector containing tth observation on all the independent vanables The

recursive residuals, et*, 15 defined as
e =ey/ {1+ x(xTy x )t xTY1/2

where x _; contains only the first t-1 rows of x, For a set of n given time senes
observations, there will be (n-k) x 1 vector of residuals These residuals have a number of
desirable properties They are easy to compute and straight forward to understand

intuitively as a form of prediction error They also react distinctively 10 vanous departures

from Hp
The next step is to define a statistics

t n
St = zct‘z / th‘z, t=k+1, .n
k+1 k+1

where S; is the ratio of the sum of square of one - penod predxcuon resxdials fom k)
period to t period, to the sum of squares of one - period prediction error from the k-1 W
nth period. The values of S; therefore will be between zero and unity as indicated below
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Sy = 0 if t <k+l
S¢ = 1 if t =n

Under Hp, S¢ will have a Beta distribution with approximate mean value,

E (Sp) = (t+k) / (n-k)
where "E" denotes expectations This indicates that the plots of S; against t should be
along with its mean path For a two sided test of hypothesis, a hnear confidence interval
for S; is constructed Accept H if the values of S; lie in the interval

Cp + (t-k)/ (n-k)

where Cg is distributed as Pyke's modified Kolmogorov-Smurmov statistics  The values for
Cg at various sigmificance level are available in Brown et al (1975) by entening the table at
m = (n-k) / 2 when (n-k) is even and interpolating linearly between m  1/2(n-k)-1/2 and
m= 1/2 (n-k) + 1/2 when (n-k) is odd

A.2. KPSS Unit Root Test:

Thuis test, due to Kwiatkowski et al (1992) provides a test statisics under the null
hypothesis of stationarity and alternative of unit root to test that the senes 1s differenced

stationary The test statistics are derived by computing the following statistxcs

T
(1-T2) 3 {$42/8%(1)}
1=1

T
where, T is sample size, S; = >~ ¢; ¢; being the residual from a regresson of say, Y, oa

t=1
an intercept and a time trend. A]soSz(I)isaconsisxcmesnmnoroflhclongnmmum
of Y¢ and is constructed as in Kwiatkowsk: et al (1992) The cormxal values for test
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statistics both with and with out trend at 5% level are presented in Kwiatkowski et al

(1992)

A.3. Joahnsen and Juselius (JJ) Procedure:

Until recently, the empirical works involving the estimation of cointegrating
vectors employed the single-equation error-correction technique proposed by Engle and
Granger (1987) In the past few years, there has been a movement towards estimating
cointegrating relationship in a system of equations framework to make better use of all the
information available in the long and short run fluctuation of each vanables Johansen
(1988) propounded a method(which was later refined by Johansen and Juselius (1990)),

that allowed for the testing of more than one cointegrating vector

The Johansen test for cointegration begins by considenng the unrestncted reduced
form of a system of vanables which, by assumption, can be represented as a finute order

vector Autoregressive model(VAR)

Yi=p+AL) Yi + U, (A1)
where Y; = [Y YnlT T beng the transpose, A(L) = > AL, E(UUT) - 3
=]

The key requirement for this methodology 15 that none of the vanables m the sysiem be
integrated of order zero This approach also assumes that the disturbances of the model,

U, are distributed normally.
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Equation (A 1) can be presented in the form of an equivalent vector error correction

model(VECM) from as the following
AYt = pn + B(L) AYI-] + HYt-k + Ut (AZ)

If there i1s no cointegration among the set of n vanables included in Y, then the rank of I1
is zero In this case equation (A 2) becomes a simple VAR in first differences On the
other hand, if the rank of II 1s n, there are n linearly independent combinations of Y, that
are I(0) Since any linear combination of I(0) vanables must also be 1(0), this means that
the n wvariables in Y{ must themselves be I(0), and it 1s appropniate to estimate an
unrestricted VAR 1in levels, in equation{A 1) (though 1t may be rewntten in ermor-

correction form as in equation A 2)

In the case where, some but probably fewer than n, stationary lincar combinations
exist means that there are cross-equation restnctions among the coefficients of A(L.) in
equation(A 1) The advantage of representing eqn (A 1) in VECM form s that n
equation (A 2), all of the cross-equation restnctions are concentrated 1n the matnx I1 In
the Johansen approach, the number of such restnctions 1s deterrmmuned by, first estimaung
IT without restrictions from equations (2) and then deterrurung the rank of I1  The

restrictions on IT are then imposed and a restncted VECNM 1s estimated
In practice, this process 1s achieved 1n two steps Fust AY, and Y | are cach
regressed on a constant and lagged AY, yielding resaduals
RO, = AYy-id - b(L) AYy) (A3)

Rk = Yy - €- d(L) AYy ) (A4)
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Equation (A 1) can be presented in the formn of an equivalent vector error correction

model{ VECM) from as the following
AYp = n + B(L) AYy ) + Yy + Uy (A-2)

If there is no cointegration among the set of n vanables included in Y, then the rank of T1
is zero In this case equation (A 2) becomes a simple VAR in first differences On the
other hand, if the rank of II is n, there are n hnearly independent combinations of Y; that
are I(0) Since any linear combination of 1(0) vanables must also be I(0), this means that
the n variables 1n Yy must themselves be 1(0), and 1t 15 appropnate to estimate an

unrestncted VAR in levels, in equation(A 1) (though 1t may be rewntten in error-

correction form as in equation A 2)

In the case where, some but probably fewer than n, stationary linear combinations
exist means that there are cross-equation restnctions among the coefficients of A(L) in
equation(A 1) The advantage of representing eqn (A 1) 1n VECM form s that 1in
equation (A 2), all of the cross-equation restrictions are concentrated 1n the matnx Il In
the Johansen approach, the number of such restnictions 1s determuned by, first esumating
IT without restrictions from equations (2) and then determunung the rank of I1 The

restrictions on Il are then imposed and a restncted VECM 15 estimated
In practice, this process 1s achieved in two steps Fust AY, and Y,y are each
regressed on a constant and lagged AY, yielding ressduals
ROy = AY; -2 - b(L) AY, ) (A3)

Rk =Yy p - &- d(L) AYy (A4)
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The ordinary least squares(OLS) estimate of Il from equation (A_2), with no restriction on
the rank of T1, would then be obtained by regressing RO; on Rk,

IT can always be recoded in a vanety of ways, as
I1=af wherea, Baren x n

However, under the hypothesis that Il 1s of reduced rank, the dimensions of a and B can
be reducedtonxr, r <n The Johansen procedure involves choosing the first coloumn of
B as the maximum likehihood estimate of the hinear combination of Rk, , (that 1s. BRky)
that is most correlated with RO; The second column of 3 1s the hnear combination,
orthogonal to B, which has the next highest correlation, and so on A representation of

the VECM which is equivalent to equation (A 2) 1s then given by
AY;=pn+B(L) AY{] + « ECM .« (A S5)
where ECM_x = BY¢(.k B=(B Bn]T

Johansen and Jusehus(1988) provide two test stanistics, known as the trace and i-max
statistics, to determine the rank of the matnx IT If for example the tests indicate that two
cointegrating vectors exist, maximum hkehhood estimates of those vectors are gnen by

the first two columns of f and the VECM(equanion( A 2)), 1s grnen under the restnctson of

two cointegrating vectors by

AY; = p+B(L)AYy ) +aj ECMIy ~ a3z ECM2y (A 6)

where ECM, =8; Y =12



153

All the variables in (A 6) are now stationary and inference on any of the parameters in
(A 6) can proceed using asymptotically valid standard distribution theory The coefhicients
o1 and ap represent the effects of the stationary linear combinations ECM1 and ECM2 on

the system and are referred to as loadings (in a single equation approach, they are

frequently referred to as "speeds of adjustment™)

It should be noted that no structural interpretation can be placed on the error-

correction terms without making further identifying assumptions However, in the present

case , if there were only one cointegrating vector 1n the system, and if 1t 1s included 1n the

financial aggregate, one mught wish to interpret it as a "long run® demand function If

more than one cointegration vector exists among the data, any structural interpretation 1s
difficult to place on 1t, though examining the effect of each cointegrating vector on future

changes of the vaniables in the system may provide indirect evidences to the nature of the

relationship that has been 1dentified

A.4, Tests for Non-nested Hypotheses(The Davidson-Mackinnon J-Test)
Let us consider the problem of testing two hypotheses
Hg y=Bx+up ug ~ INO 002) (A7)

H) y=yz+uj u) ~ IN(0, 332) (AS)

The hypotheses are called non nested since the explanatory vanables under once of the
hypotheses are not a subset of the explanatory variables in the other
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Hg being the maintained hypothesis, the test procedure for testing Hg agamst Hj is as

follows

Equation (A 8) is estimated by OLS and the predicted value of y is obtained as y; = yz

Then the regression equation

y=pBx+ay;tu (A9)

1s estimated to test the hypothesis that @ = 0 If the hypothesis 1s rejected, then Hg s

rejected by Hy If the hypothesis is not rejected, then Hy 1s not rejected by Hj

Similarly testing H| against Hg starts with estimating equation (A 7) by OLS and

generating the predicted value of y wviz |

)
o

!
hos R
>

Then the regression equation,

A

y=yz+d ypg tv (A 10)

15 estimated to test the hypothesis & = 0 If the hypothesis 1s reyected then Hy 1s rejected

by Hy and vice versa

As suggested by Davidson and Mackinnon the models given above Hp and H) can

be combined into a single model viz |

y=(Ia) fx +a(rz) +u (Al
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where one has to testa =0 versus a=1. Asit is difficult to estimate B, v, and a from
this model we get the estimates of (1-t) B and ay. As shown by Davidson-Mackinnon
one can substitute ¥ =¥z foryz in equation (A1l)andthentesta=0 They also show
that under Hy, a from (A.9) is asymptotically N(0 1) Because o and B are estimated
jointly they call it the J-test It s to be noted here that the J-test is one degree of freedom

tests irrespective of the number of explanatory variables in Hy and Hy



APPENDIX - B

DESCRIPTION AND SOURCES OF DATA

Time series data on all the variables used in the empirical analysis are from 1970-1996 for
the annual sample and from 1985 04 to 1996 09 for the monthly sample For the extended
sub sample 1994 04 1996 07, an additional asset called the certificate of deposit is
included in the analysis All the monetary vanables are measured in crores of rupees at

current prices The monthly data have been deseasonalised by using the additive seasonal

adjustment procedure

B.1. Monetary Assets

Four financial assets viz , currency with the public(CU). net demand deposits with
all commercial and co-operative banks(DD), net time deposits with all commercial and co-
operative banks(TD) and post office savings bank deposits(PD) have been considered for
both annual and monthly analysis A new asset called ceruficate of deposit 18 also included

in the analysis for the sample 1994 04 1996 07 The sample size has been constrained by

the availability of data
B.2. Interest rate variables

B.2.1. Own rate of return

Regarding rate of retum on individual assets, autency bewng the most haquud
amongst all assets, the rate of return on 11 is assumed 10 be zero  For demand depowts, an



implicit competitive rate 15 constructed using Klein's (1974) methodology. The formula

employed for constructing this rate is

rpp =r7 [1 - (BR/DD)]

where r pp is the imphcit rate on demand deposits, r + i1s 91 day treasuring bill rate and
BR is bank reserve held against demand deposits, 12 month deposit rate is used as a proxy
for time deposit rate In case of postal savings deposits, the rate of interest per annum on
post office savings bank accounts with himits of investment lying between a mimimum of
Rs 20/- and a maximum of Rs 50,000, 1s used In the absence of such a rate commercial
bank 3 months savings deposit rate 1s used For certificate of deposit, its own rate of

return 1s used

B.2.2. Bench mark rate

Theoretically R, the benchmark rate should be the rate on a particular asset which
is completely illiquid and does not provide any monetary senvice  The rate on buman
capital may serve the purpose since it does not render any monetary service 1n & world
where there 1s no slavery system However, due to difficulties associated with the
availability of such an asset, the present study proxues R by taking the rate of return on the
highest yielding asset 1n penod t and calculates user costs for each asset 1n thar paruculas
time penod In the absence of any direct measurement of a benchmark rate ooe can onhy
construct proxy measures, which need not be rate of returm on only one asset  Thus, rates
of return ke long term government bond yweld rate . company deposn rate ywkd om
private debentures and UTI dinvidend rates have senved this purpose for differes nime
periods in the study. The highest available rate from among these razes m a paricular year
is considered as the benchmark for that year
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B.3. Income Measure

For annual data gross domestic product at factor cost and for monthly data index
of industrial production have been used as income measure The series on index of

industrial production has 1980-81 as its base

B.4. Prices

The whole sale price index(WPI) (with base=1980-81) has been chosen as a

measure of prices

B.S. Scale and Opportunity cost variables

Real gross domestic product(gross domestic product deflated by WPI) for annual
data and index of industnal production for monthly data have been chosen as “scale”
vanables in money demand tests The weighted average of call money rates 1s used as the
opportunity cost vanable 1n sumple sum money demand functions whereas the respective

Dhvisia user cost aggregates have been used as opportunity cost vanables 1n Divisia money

demand functions
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