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TESTS FOR SEPARABILITY AND EXISTENCE OF
CONSISTENT MONETARY AGGREGATES
THE KOREAN CASE

JeonG-Ho Hanm* and Woon-Gyu CHor**

I. INTRODUCTION

Monetary theory and policy are inherently associated with the behavior of various
monetary quantity and price aggregates. However, for such aggregates to be useful
they must be consistent and theoretically meaningful.

The construction of theoretically meaningful rmonetary quantity and price
aggregates are accompanied with some methodological questions such as the definition
of money and the procedure employed to aggregate. Aggregation and index number
theory provides theoretically consistent and unique answers to such questions as
mentioned above.

On the one hand, aggregation theory provides a basis for identifying admissible
(separable) component groups among various monetary assets so that economic
aggregates can be constructed over such identified admissible component groups.
These economic aggregates behave in a manner indistinguishable from elementary
goods. They are treated as single goods in the consumer’s preference : consumers
are able to select their desired aggregate quantity without regard to its composition.
In particular, an aggregate exists in aggregation theory if the aggregator function
defined over the items of the aggregate and other items as well is weakly separable
in the components of the aggregate. If this weak separability condition is violated,
stable preferences cannot exist over the aggregate in the sense that varying the
relative quantities of the elements within the aggregate while holding the aggregate
level constant will affect consumer preferences over other assets or goods.

On the other hand, statistical index number theory provides parameter-free
approximations to the exact economic aggregates which are provided by aggregation
theory.

We have dual objectives in this paper : (1) We apply a system-wide approach to

the demand for money on Korean data using a microtheoretical framework,

* Jeong-Ho Hahm is a senior economist in the Research Department of the Bank of Korea.
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Bank.
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Consumer’s demand behavior for money and near-monies is analyzed based on the
choice-theoretic framework, Price elasticities and elasticities of substitution are
empirically estimated. As is well known, the degree of substitutability among monetary
assets has been used explicitly or implicitly to provide a rationale for the appropriate
definition of money. (2) Based on the aggregation-theoretic approach, we propose an
explicit method for the construction of consistent monetary aggregates over which
consumers can possess stable preferences. Specifically, we test for the
appropriateness of aggregation assumption (weak separability) to find out if there
exist any consistent monetary aggregates over some subsets of monetary assets. This
also ensures the validity of the consistent two-stage optimization.

As the first step in applying a system-wide approach to the demand for money
under a microtheoretical framework, we derive user costs for monetary assets which
are viewed as durable goods yielding a flow of monetary services. Then we construct
three types of Fisher ldeal monetary aggregates. An assumption of weak separability
between consumer goods and monetary assets is not imposed, since this study treats
consumption of consumer goods jointly with consumption of monetary services.
Instead, this assumption is empirically tested. As the specifcation of the indirect utility
function, a (homothetic) translog flexible functional form is utilized.

In recent years, empirical studies for money demand function under a
macrotheoretical framework in Korea have been numerous and have been greatly
advanced. However, empirical studies concerning consumer demand behavior for
money and near-monies under a choice-theoretic framework based on the
microeconomic demand theory have not been previously attempted because the proper
price concept for monetary assets has not yet been established. We introduce a user
cost, developed by Barnett(1978), as the price concept for monetary assets by viewing
them as durable goods which provide a flow of monetary services. Considerable effort
is made to derive a series of user costs for the thirty-one monetary assets which
the Bank of Korea currently recognizes as sources of monetary services in the Korean
economy since the derivation of user costs is essential to our task. It should, how-
ever, Bés’noted that our study cannot be exhaustive or complete, but should be viewed
as a preliminary to more detailed further research,.

This paper is organized as follows : Section two presents a general model of the
individual consumer’s utility maximization that recognizes the interdependence between
real and financial decisions. In section three, monetary aggregation theory and index
number theory relevant to the construction of consistent monetary aggregates are
briefly reviewed. Section four describes the specification of the demand system and
data used in this study. In section five, the stochastic specification for the disturbance
term and the method of estimations are discussed. This section also discusses the
separability testing methods and the parameter restrictions on the separability test.
Section six contains our empirical results and their interpretations, Section seven
consists of a brief summary and tentative conclusions. It also includes some

suggestions for further research.
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I. THE MODEL

We assume that the conditions for the existence of a community utility function
are satisfied.” And we suppose a representative consumer’s direct utility function is
weakly separable (a direct utility tree) of the form :

0 U = Ulu(z), LL,»

where z is a vector of the services of the consumer goods and monetary assets and
L is leisure. ¥

It should be noted that even if monetary assets are not in consumer's elementary
utility function, it has been proved in general equilibrium theory that each consumer
has a derived utility function containing monetary assets along with consumer goods, ¥
Recently, an alternative view has been developed that money should be treated “just
like any other commodity”, and money is held because of the utility it provides, i e.,
the moneyness of money. And the degree of moneyness may be measured by the
foregone income when a .monetary asset is held instead of holding other assets with
higher interest rates. This approach is enormously valuable since it makes possible
to measure the flow of monetary services in terms of readily observable data, and
also to capture the varying degrees of moneyness which various monetary assets
POSSESS,

It should also be observed that a two-stage budgeting decision process is implicit
in the above utility tree structure. In the first stage the consumer allocates his
expenditures among broad categories based on price indices for these categories, and
in the second stage he allocates expenditures within each category. The particular
two-level structure we wish to utilize can be expressed by the following classical

consumer problem :
) max uf{z) subject to z'xz = 7,

where the utility (aggregator) function u(z) is assumed to satisfy the usual regularity
conditions, The total expenditures on the services of consumer goods and monetary
assets is denoted by Y, and =z is a vector of prices of consumer goods and user
costs of monetary assets. In particular, the user cost of the ith monetary asset is
given by

3 x = (R-r.)/(1+R),

where 7, is the own rate of return on the ith asset, and R is the benchmark rate

1) Regarding aggregation over economic agents, see Gorman (1953) and Muelibauer (1975, 1976).

2) The subutility (aggregator) function u(x) is assumed to be homogenous of degree one io ensure
the consistency of the two-stage recursive budgeting decision process. See Strotz (1957, 1959),
Gorman (1959), and Green (1964).

3) The utility-tree structure defined in (1) is treated as a maintained hypothesis in this study, although
it is too restrictive since it implies the demand for consumer goods and monetary services is
independent of the relative price change of leisure, This hypothesis is also testable, but this
task is beyond the scope of this study.

4) See Arrow and Hahn(1971), and Quirk and Saposnick (1968).
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of return, which represents the highest rate of return during the holding period. Thus
the user cost of a monetary asset denotes income foregone or the opportunity cost
by holding the ith monetary asset instead of other asset with the highest available
yield. In this sense, the user cost of monetary asset is a price for the services the
asset provides. *

Suppose further that the subutility functionu u(x) is weakly separable in some

subsefs of monetary assets as follows :
(4) u(x) = u[“l(xl)’xz],

where z, is a vector of a subset of monetary assets, &z, is a vector of consumer
goods and the rest of monetary assets which are not in x,. This utility structure
implies that there exists a subfuntion and thus a consistent aggregate over some
subsets of monetary assets alone. It is to be recalled that one of our principal
objectives is to investigate whether there exist some consistent monetary aggregates
over any subsets of monetary assets.®

This weak separability rationalizes the estimation of a monetary asset’s demand
system. However, the above utility tree structure defined in (4) relies on the
assumption that the consumer is able to make a rational first-stage expenditure allo-
cation among broad categories. For this to be possible, there must exist a set of
consistent price indices corresponding to each broad category.

Gorman (1959) has shown that, given a weakly separable utility function with more
than two categories, such consistent price aggregates exist if, and only if, the utility
function is structured either as homothetically separable or as strongly separable with
Gorman polar forms, or is a mixture of two structures, That is, homotheticity or
quasi-homotheticity is a sufficient condition for the existence of utility trees and con-
sistent two-stage optimization.

Moreover, homothetic or quasi-homothetic separability permits the separability hy-
pothesis to be interpreted in terms of direct utility function rather than solely in terms
of indirect utility function. In this connection, Blackorby, Primont and Russell (1974)
have shown that if the direct utility function is strongly recursive separable with
homothetic aggregator functions, then the indirect utility function will also be
homothetically strongly recursive separable in normalized prices.

Homotheticity, however, has very strong implications for demand behavior, since
it imposes unitary expenditure elasticities, i e., the Engel curve is linear and passes
through the origin. On the other hand, Gorman polar form has a linear Engel curve
which need not pass through the origin.

As is the practice in the literature, by the duality theory, we can derive the direct

demand system from the indirect utility specification without reference to direct utility

5) The user cost formula was first derived by Donovan(1978), and later by Barnett(1978) through
an intertemporal consumption allocation model. For the rigorous mathematical derivation of user
cost, see Barnett(1978).

6) We could use Hicksian aggregation to aggregate over monetary assets only if all the user costs
move proportionately. However this is not typically the case for monetary assets.
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function, An indirect utility function that is homogeneous of degree zero in income
and prices can be expressed as a function of the ratios of prices{(user costs) to total
expenditures.

In seclion four, the specification of the indirect utility function and the derivation
of the demand system from the indirect utility function are briefly described. In what
follows, we want to briefly review the preference structure over monetary assets and

monetary aggregation theory.

ill. MONETARY AGGREGATION THEORY

Barnett (1981) developed demand-side Divisia monetary indices, which are a
member of the superlative class of index numbers introduced by Diewert (1976).
Barnett's construction of Divisia monetary aggregates involves both economic
aggregation and statistical index number theory. First, economic aggregation theory
is used to identify admissible (separable) component groups among monetary assets,
Aggregation theory requires, in this case, weak separapility of the utility or production
function in the blocks of monetary components over which aggregation is performed.”
Next, index number theory is used in order to compute parameter-free approximations
to the exact economic aggregates provided by aggregation theory.

Aggregation of monetary assels can be approached both from the demand and
the supply side of monetary assets. Since this study is concerned with aggregation
from a consumer’s point of view, the relevant aggregator function is a utilily function.
In what follows, a brief discussion of demand-side monetary aggregation theory rel-

evant to the construction of consistent monetary aggregates is in order.
1. Aggregation Theory

A. Blocking of the Utility Function

In order to facilitate the following discussion, let us suppose that the vector x
contains a vector of consumer goods and monetary assets. And we partition the
quantity vector z into two groups such that x = (z,, z,), where x, is a vector of
currency, demand deposits, and time & savings deposits, and z, is a vector of
consumer goods and rest of monetary assets, which are not in =z, We
correspondingly partition the price vector z such that = = (z, n,), where =, is a vector
of user costs of currency, demand deposits, and time & savings deposits, and =,
is prices (user costs) of consumer goods and other monetary assets.

We seek to aggregate currency, demand deposits, and time & savings deposits,
and we term this aggregate the total money stock(M,). Since one of our primary
concerns is to reveal the implications of monetary aggregation theory, we at this point
assume that an aggregate M, over currency, demand deposits, and time & savings

7} For a detaﬂed.—dlgagsion of functional separability, see Goldman and Uzawa(1964), Berndt and
Christensen (1973, 1974), Blackorby, Primont and Russell (1977, 1978) and Denny and Fuss(1977).
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deposits exists. ¥ In other words, the utility function defined by (4) is assumed to
be weakly separable in the block of currency, demand deposits, and time & savings
deposits. Aggregator function u, is assumed to be linearly homogeneous. As discussed
below, these conditions are both necessary and sufficient for the existence of the
economic monetary aggregate M, which we seek.

It is noted that we can establish a fully nested utilily-tree by nesting weakly sep-
arable blocks within weakly separable blocks. As a result, we can acquire a rational
multistage budgeting procedure in which the subutility function itself defines the rel-
evant theoretical quantity index at each stage, and duality theory defines the
corresponding functional price index. In what follows, we elaborate on the two-stage
budgeting properties of decision and the implications for quantity and price
aggregation,

B. Two-Stage Budgeting Decision

The principle of the two-stage budgeting decision is that the consumer can solve
his problem as defined in (2) either directly or in two stages as described below.
We now decompose the consumer’s utility maximization process defined by (2) into
two stages : the first stage of the two-stage decision is, for some index of the
aggregate monetary asset quantitiy M,=u,(z,) and aggregate monetary asset price
II,=1II,(x), to select M, and z, to solve

(5) max u(M,, z,) subject to IJ,M,+nr, z,=7Y.

From the solution of (5), the consumer determines the expenditure for the aggregate
monetary services over currency, demand deposits, and time & savings deposits I, M,

In the second stage, the consumer allocates [J,M, over consumption of the
services of each item which is component of M, by solving the following decision

problem :
6) max u,({z,) subject to #," z,=I,M,.

This two-stage budgeting decision is said to be consistent if the solution for z
to the problem (2) is the same as the solution for z obtained from the two-stage
decision of (5) and (6). According to Green(1964), the two-stage budgeting decision
is consistent and there exist aggregate quantity index M, and aggregate price index
II, if and only if the utility function u (z) is blockwise weakly separable in the block
of z, and the aggregator function u, is linearly homogeneous in their arguments,

Of the above two conditions, the weak separability, often referred to as
admissibility or existence condition, is the one of primary concerns in this study, which
attempts to test a utility function for weak separability in the block of monetary assets
and other uses of money income. Clearly, such a test does provide a theoretically
meaningful criterion for ascertaining the admissibility of aggregation over potential

sources of monetary services.

8) This separability assumption is empirically testable and the hypothesis testing is systematically
conducted below.
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We call », the quantity aggregator function, and JI, the user cost aggregator
function. In general, the quantity aggregator function is the corresponding utility
function.

This two-stage decision process is two-stage budgeting, and can be extended to
n-stage budgeting for an n-level hierarchy of nested monetary aggregates, ¥ simply
by nesting weakly separable blocks within weakly separable blocks in an analogous
manner. It should, however, be noted that the consumer acts as if actual aggregate
goods existed. Also observe that quantity indices depend exclusively upon quantities,
and that price indices depend exclusively upon prices. Furthermore, the budget con-
straint of problem (6) shows that the product of a dual price index and its
corresponding quantity index always equals actual expenditure on the goods within

the aggregates (Fisher's factor reversal test).'”

2. Index Number Theory

Financial innovations and various regulatory policy changes since the 1970s in the
United States have led to large fluctuations in the narrowly defined monetary
aggregates M, due to the process of portfolio shifts from components of M, to other
financial assets which are transaction-type assets with higher interest rates. This has
resulted in serious problems associated with the interpretation of the existing monetary
aggregates and the appropriateness of these aggregates as targets or indicators of
monetary policy, Recently several researchers suggested that, in order to deal with
this situation, more broadly defined high-level monetary aggregates, such as M, M,
and L be used as targets or indicators of monetary policy. As a result, the U. S,
Federal Reserve Board has redefined various level of monetary aggregates such as
M, and M, With this movement, the appropriateness of the simple (unweighted)
summation procedure, which is currently used for the purpose of constructing the
official monetary aggregates has emerged as a controversial issue. All of the current
official monetary aggregates are constructed from the simple summation of component
monetary assets. This procedure, however, implies perfect substitutability among the
monetary assets over which aggregation is performed and the equality of all own rates
of return on them. Since these assumptions are not typically acceptable for monetary
assets, the simple-sum monetary aggregates are expected to be distortive, especially
at the higher level aggregation, such as M, or M, since the higher the level of
aggregation, the less substitutable the monetary components of the aggregation
become, In this context, Barnett’s Divisia monetary aggregates, based on the exact
aggregation theoretic approach and statistical index number theory, are widely
recognized as practically viable, and theoretically meaningful alternatives to the flawed
simple sum monetary aggregates.

9) For a detailed discussion of subaggregation of monetary assets and the construction of a hierarchy
of exact monetary assets aggregates for a representative consumer, see Barnett(1981).

10) By Fisher's factor reversal test, the price(user cost) index dual to a functional quantity index
must equal total expenditure on the aggregated assets divided by the indirect category utility
function defined on those assets.
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Since the middle of the nineteenth century, economists have recognized the need
to measure price and quantity aggregates, and have been aware that neither simple
summation totals nor averages can fill that need. Since 1964, aggregation theory has
been sufficiently advanced to provide a consistent approach for the construction of
theoretically meaningful monetary aggregates. However, it should be observed that
the monetary quantity aggregate based on the aggregation theory depends on the
component monetary asset quantities and the specification of the aggregator (utility)
function. In order to use such an aggregate, it is necessary to specify a
parameterized econometric functional form for the aggregator function and to estimate
its parameters. Therefore, the estimation of aggregator functions and the exploration
of their properties play an important role in the aggregation theory literature. How-
ever, the resulting aggregation-theoretic aggregates, called functional or exact aggregat

' are inappropriate for use and publication by governmental agencies due to the

es,
dependency on unknown (but estimable) parameilers. Therefore, nonparametric
approximations to the unknown aggregator functions are needed. The constuction of
such nonparametric approximations is the subject of index number theory : this theory
eliminates the need to estimate unknown parameters by using both prices and
quantities simultaneously in order to approximate economic quantity aggregates, which
depend only upon quantities and not prices, Similarly, index number theory uses both
prices and quantities simultaneously in order to approximate economic price
aggregates, which depend only upon prices and not quantities.

Barnett (1981) introduced the use of neoclassical aggregation and index number
theory into monetary economics. Barnett’'s Divisia demand monetary aggregate
produces a Diewert-superlative measure'” of the economy's flow of monetary services
perceived by the consumers of those monetary services, More recently, Barnett (1986)
introduced the Divisia supply monetary aggregate based on supply-side aggregation
theory with a monetary production model by the financial firm.'* By using these
results, the multiple outputs of financial firm, i.e., the monetary assets produced,
can be aggregated in order to obtain a Divisia supply monetary aggregate. Divisia
supply monetary aggregate produces a Diewert-superlative measure of the economy’s

flow of monetary services delivered by financial firms through financial intermediation.

11) Economic indices are often referred to as functional, true or exact indices. On the other hand,
statistical indexes are used to approximate such economic or functional indices. See Barnett
(1981).

12) According to Diewert, an index number is said to be superlative if it is exact for a flexible
aggregator functional form, which can provide a second-order approximation to an arbitrary
function. See Diewert (1976).

13) For details of the theoretical derivation of the Divisia monetary index for the consumer, see
Barnett (1981, 1986). For the theoretical derivation of the supply-side Divisia monetary index,
see Barnett(1986), Hahm (1987).
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Iv. DEMAND SYSTEM SPECIFICATION AND DATA
1. Functional Forms

In recent years, demand modeling for consumer goods has moved towards the
system-wide approach, where by the system of demand functions is jointly estimated
subject to the constraints of microeconomic theory, In the system-wide approach,
demand systems are usually derived, through duality theory, from a generating-function
specification for tastes or technology, and the specification usually is a locally flexible
functional form.'Y The translog is a locally flexible functional form for direct and
indirect utility functions which presents a second-order local(Taylor series)
approximation to an arbitrary twice differentiable direct or indirect utility function.
In this study the approximate translog specification will be utilized.

The indirect utility function, dual to the direct utility function, is extended to allow
for habit formation simply by introducing new parameters which can be interpreted
as “committed quantities” or “subsistence levels of consumption. ™'

For ease of explanation, we start with the basic translog (BTL). A direct utility
function has a corresponding reciprocal indirect utility function which can be

approximated by the BTL form :

(7) IV = ay,+ 2 lnv. + (1/ 2)212)511 Inv,; lnv}v

where V is the reciprocal indirect utility function, v,=n/Y, =z,=the price (user cost)
of the +th good (monetaty service), Y=total expenditures on the services of consumer
goods and monetary assets, and 8.,,=4;;. Then by the modified Roy’s identity, '® we
have the following demand equations corresponding to (7) :

® g = v o+ X80, )/ (e + X6, ),

where z: is the quantity demanded of commodity i, Multiplying (8) by v: yields the
expenditure share equations :

9) s. = (a,+Z8mv,)/ (D +Z.5,8:, Inv, ),

where s,=m.x,/Y. Since the expenditure share equations are homogeneous of degree
zero in parameters, a normalization of the parameters is required for estimation of

(9). A convenient normalization is :
10 S = 1.
The homothetic translog (HTL) flexible form can be derived by imposing the
following restrictions :
(11) 2B, = 0, for all |,
With the addition of restrictions (10) and (11), the HTL model's share equations

become linear as follows :

14) The class of locally flexible functional forms was defined by Diewert as being the class of
functions that can attain, at an arbitrary point, arbitrary values of the function and its first
and second derivatives, See Diewert (1974).

15) See Pollak and Wales (1980).

16) =z, = (@V /8 ]/(Z,v,(2V/2y,)].
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(12) s = ai + XBiinv,.

In order to introduce the subsistence levels of consumption, we can, following
Pollak and Wales (1980), generalize the BTL model by adding a constant term to the
BTL demand equations of (8). We term this model the “generalized translog (GTL)
flexible model” :

(13) ., = btz (a+X8me;)/ (Zio +3.5,8,nz,) ),

where (1) z.=z,/Y, Q) Y =Y-X.7 b is “supernumerary” expenditure, and (3) Xix
be represents the subsistence levels of consumption expenditure independent of market
prices (opportunity costs).

The expenditure share equations derived from GTL are as follows :

(14) si = bivi+ (Y/ V) [(ai+ 28,2, )/ (i + Z:.5,8:mz, )] .

Applying restrictions (10) and (11) to the GTL model yields a form which is not

homothetic and whose share equations are not linear in parameters and variables :
(15) s = bivi +(Y/Y)[(a.+X,8:,inz,).

This form, known as the linear translog (LTL),'"” has linear Engel curves which
need not pass through the origin. As can be seen from (15), only if all values of
b: all equal to zero, does it reduce to the HTL, which has linear Engel curves passing
through the origin.

As we see in the above, the generalized translog(GTL) fiexible form contains
the nested pair of the basic translog (BTL), the linear translog(LTL), and the
homothetic translog (HTL) all as special cases. The GTL is a relatively new demand
system used by Pollak and Wales (1980) and Atrostic (1982). The share equations
derived from GTL are, however, too complex to be estimated. The HTL model is
simple to estimate since its share equations are linear but it has linear Engel curves
passing through the origin. The LTL model has linear Engel curves which need not
pass through the origin, but its share equations are not linear in parameters and
variables.

It should be noted that we select a specification for the indirect utility function
on the basis of a compromise between the conflicting criteria of a homothetic struc-
ture, which imposes unitary expenditure elasticities but is relatively simple to
estimate, and a Gorman polar form, which has linear Engel curve without passing the
origin but makes the demand system highly nonlinear. In this study, we have decided
to use the homothetic indirect utility translog function and estimate demand system
as defined in (12). This choice is primarily motivated by the empirical implementation

mentioned above,

17) This model is often called as the quasi-homothetic translog model, and has been estimated
by Manser (1976) and Serletis (1986). Quasi-homotheticity is exploited extensively by Gorman (1961,
1976), Deaton and Muellbauer (1980), and Barnett(1983). A well-known example of
quasi-homothetic function is the Stone~Geary utility function which is the quasi-homothetic version
of the Cobb-Douglas utility function.
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2. Data

The data used in our study consist of quarterly time series on expenditures and
prices (user costs) of one block of consumer goods and three blocks of monetary
assets for the period 1975. 1 —1987. V

A. Data on the Consumer Goods

A block of consumer goods is constructed by aggregating expenditures for various
consumer goods such as foods, durables and services, This necessarily implies that
there exists a subfunction and thus an exact aggregate over various consumer goods,
In reality, however, the aggregate is known to comprise a large number of elementary
consumer goods. The validity of the above assumption is also an empirical one, which
is testable. However, as is the case in all studies of the kind undertaken here, some
measure of prior aggregation is rendered inevitable due to the limited data availability
and methodology. In any event, the restrictiveness of the assumption of existence
of an exact aggregate over consumer goods is to be kept in mind when the results
are interpreted. In this study, constant(1980) consumption expenditure =z, g @.. is used
as the aggregate consumption goods.'® Then using current consumption expenditure
71 Q:: and the identity (/71 50) = (m1. Q:¢/71.50Q::), a time series on the price of the
aggregate consumption good =, is generated.'®” Next per-capita consumption
expenditure is computed. This is done by dividing the aggregate consumption
expenditure during each time period (quarter) by the corresponding population size n.
The resulting per-capita constant (1980) expenditure on the consumer goods in period
t (.5 Qu:/m) corresponds to the per-capita quantity demanded of the consumer goods
in the estimating model defined in (12).

B. Data on the Monetary Assets

Three blocks of monetary assets comprise the thirty-one assets which the Bank
of Korea currently recognizes as sources of monetary services in the Korean economy.
Data on the three blocks of monetary assets are not readily available. Thus they are
constructed using available data on the stocks of the component monetary assets,
their own rates of return, and a benchmark rate of return.

In order to construct time series on the three blocks of monetary assets, it is
necessary to acquire data on the quantities and the rates of return to the component
monetary assets., Table 1 shows a brief description of the thirty-one monetary assets
along with their own rate series. According to BOK's latest classification scheme,
the narrow money measure M, consists of the first four assets (1-4), total money
stock M, consists of assets 1-15, and the broadest money measure M, consists of

assets 1-31.*” In this study, the thirty-one monetary assets are grouped into the three

18) Observe that this consumption expenditure value is Laspeyres quantity index.

19) See Barnett(1983), Fayyad(1986).

20) It should be noted that the assets in insurance institutions are not included due to nonavailability
of data.
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blocks of z, =z, and z, The components of z, (1-4) are included in the M, monetary
aggregate. The components of z,(5-16)?" are those of the M, monetary aggregate
net of r,, The components of z,(17-31) are those of the M, monetary aggregate net

)

of z, and xz,. We aggregated, using the Fisher ldeal Index, *”’ each group of z,,
z, and 7 to obtain three monetaty aggregates of @, @; and ¢, respectively.

We decided to use the Fisher Ideal Index, because this index perfectly satisfies
Fisher's factor reversal test and can immediately reflect the introduction of new assets
into the index.* In any event, as Diewert (1976) pointed out, the choice between these
two indices is of little importance, since the Divisia Torngvist-Theil index and the
Fisher ldeal index both belong to the class of Diewert-superiative index numbers and
these indices move very closely together.

The data for quantities for the components (including CDs) of monetary institutions
are three-month average data based on the month-end balances data. However, the
data for the items of non-bank financial institutions are two-quarter moving averages
of two consecutive quarters from the quarter-end balances data due to the data
availability. The computation of Fisher ldeal monetaty aggregates requires knowledge
of the user costs of the component monetary assets. The derivation of the user costs
defined in (3) in turn requires knowledge of the own rate of return to each component

* among several after-tax rates

and a benchmark rate of return. A representative rate
of return for the different holding periods is selected as the own rate of return to
each monetary component.? As an alternative, we may use the yield-curve adjusted
rate for the different holding periods. *® However, we do not use this method because
the yield curve is not available yet.

Next, the benchmark rate R, according to Barneit and Spindt(1982), is defined

as follows :
Ry = max [r,, ri(i=12,--31],

where R, is the benchmark rate of return for the period t, r, is the yield on
government and public bonds, and r;, is the own rate of the ith monetary component.

Several comments concerning data adjustment are in order : First, X-11 ARIMA
method is applied for all the data which are suspected of having seasonality in order
to eliminate this. Second, each monetary asset is divided by population to get
per-capita series since the theoretical model is based on individual decision making

problem. Next, each asset is divided by the consumption expenditure deflator to con-

21) Observe that CD is included in z,.

22) Fisher Ideal index is defined as the geometric mean of Laspeyres index and Paasche index.
Q=0 {Zm im.) Tram )/ {(Zr, om ) (Zrame o) }IV2 . is the user cost of the
ith asset for the period t. See Diewert(1976), Barnett(1981), and Hahm (1987).

23) See Diewert (1976).

24) The selection is based on the volume size of each component asset corresponding to the different
holding periods,

25) As the own rate of return for demand deposits, implicity interest rate concept may be used.
See Klein (1974), Offenbacher (1979), Mitchell (1979), Barnett(1981), and Ewis and Fisher (1984).

26) For example, all ‘the own rates with a maturity greater than three months can be vyield curve
adjusted to a three-month rate for time deposits.
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vert nominal balances to real terms, Third, the aggregate user costs corresponding
to the three aggregate monetary quantities are derived using Fisher’'s factor reversal
test. Fourth, no attempt is made to disaggregate by sector due to the data
availability. This would require construction of two sets of monetary aggregates
one for consumers and another for business. Fifth, the main reason why we have
constructed only one block of consumer goods and three blocks of monetary assets
is for the empirical implementation of separability tests. When we have more than
four arguments, it would be quite complicated to impose the parameter restrictions
for separability tests. Finally, prior estimation, the price (user cost) indices are all
scaled to equal 1.0 in 1981. I. To ensure that the products of price and quantity
indices #:(Q:. remain unchanged by the rescaling, the quantity series are rescaled
accordingly, so that the expenditure share for each item is not changed.

V. ESTIMATION AND HYPOTHESIS TESTING
1. Stochastic Specification and the Method of Estimations

In order to estimate the expenditure share equation systems given by (12), we
must specify a stochastic disturbance term for each share equation. Following
conventional practice, we specify classical additive disturbance terms in share
equations and assume that they are normally distributed with zero mean and constant
covariance. Thus, we can write the stochastic version of the model as:

(16) 8 = ft ($1,9)+’u¢,

where s, is the vector of observed expenditure shares at time ¢, z. is the vector
of exogenous variables, € is the vector of unknown parameters, and u, represents

a classical disturbance term with the following properties :
an EB(u) = 0 E(u.,,uw') = Q for all s,t,

where  is a variance-covariance matrix.
Here u. is assumed to be a first-order autoregressive process such that

(18 % = Ruy,+e,

where R=[R,;] is a matrix of unknown parameters and e, is the vector of a

non-autocorrelated disturbance term defined as :
(19 Ele.) = 0 Elenel) = X,

where X is a symmetric and positive semi-definite covariance matrix.

The disturbance term specification given in (17) allows both contemporaneous and
non-contemporaneous disturbance terms to be correlated.

Since the sum of the expenditure shares equals one (X;s.=1), it follows that
the covariance matrix is singular due to the singularity of the system. If
autocorrelation in the disturbances is absent, Barten(1969) has shown that full
information maximum likelihood estimates of the parameters can be obtained by
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arbitrarily deleting an equation in such a system, and that the resulting estimates
are invariant with respect to the equation deleted. If, however, autocorrelation is
present as assumed above, Berndt and Savin(1975) have shown that the adding up
property of a singular system imposes additional restrictions on the parameters of
the autoregressive process. When these restrictions are not imposed, any estimations
and thus hypothesis testings are conditional on the equation deleted.

In this study, we assumed no autocorrelation across the equations(.e., R is
diagonal). As a result, the autoregressive coefficients have been restricted to being
the same for all equations.

Finally, writing equation (16) for the period t-1, multiplying by R, and subtracting
it from (16) yields the final model to be estimated in our study.’”

(20) St:ft(Tt.a)‘thr:(1171,6)+38u+21.
2. Hypothesis Testing

A. Preference Structure over Monetary Assets

Once the model is estimated, the structure of preferences can be investigated
by testing for weak separability. We are primarily interested in the existence of con-
sistent monetary aggregates in the consumer’'s preference. We wish to test preferences
for blockwise weak separability in the monetary assets. It is to recalled that monetary
assests are grouped into three groups, while consumer goods are grouped into one
group. It is implicitly assumed that there exists a consistent aggregate of consumer
goods. 2® Specifically, we use an aggregate consumer good which has been aggregated
from three categories of various commodity groups such as food, nondurables,
durables, and services. In this study, the aggregate consumer good and three blocks
of monetary assets constructed as such indices in the manner outlined above are
assumed to be exact economic aggregates in the sense that each is assumed to
behave as if it were an elementary good.

Suppose, as section three, that a monetary aggregate M, exists in the consumer’s
preference and the monetary aggregate contains only currency, demand deposits, and
time & savings deposits. Then this means there exists a subutility (aggregator) func-
tion over currency, demand deposits, and time & savings deposits. This implies that
the block of currency, demand deposits, and time & savings deposits is weakly sep-
arable from the aggregate consumer good and other monetary assets, so the
admissibility of aggregation over currency, demand deposits, and time & savings
deposits is satisfied. At the level of the consumer, he must be able to select his
desired aggregate quantity of M, without regard to its composition. Varying the relative

quantities of currency, demand deposits, and time & savings deposits within M, while

27) For this work, the system has been estimated with the deletion of last share equation. In order
to check invariance of maximum likelihood parameter estimates with respect to the equation
deleted, we have estimated the model more than once, deleting a different equation each time.

28) Grouping the consumer goods into only one block implies that preferences are weakly separable
in that block. This is done mainly due to the direct availability of aggregate data for the
consumer goods,
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holding the aggregate level of M, constant must not affect the consumer’s preferences
over any other goods (assets), If this condition is satisfied, consumers can possess
stable preferences over M, and other goods (assets). If M, is not a good in this
fundamental sense, then consumer preference over M, and other goods will appear

to shift whenever the relative proportions of the M, change.

B. Separability Testing Methods

The conventional separability tests(with Leontief separability conditions) fall into
two categories. *” One type is the exact test, where it is implicitly assumed that the
function used exactly represents the true underlying utility or production function, and
the null hypothesis of separability is imposed globally for all possible values of the
exogenous variables. The second type is the appoximate test, where the function used
is a second-order approximation to some unknown arbitrary function, and thus the
nulll huypothesis is imposed only at a point of approximation, Berndt and Christensen
used the exact test, while Denny and Fuss used the approximate test. The exact
test would be preferable if no additional constraints were imposed, since a single
reject/non-reject decision is globally applicable. Unfortunately, with second-order ex:
pansion and the conventional Leontief separability conditions, this is not the case.
Blackorby, Primont and Russell (1977) and Denny and Fuss(1977) have shown tha!
the restriction of global weak separability using the Leontief separability conditions
implies either strong separability within the partitioned subaggreagates, or strong
separability between aggregates,

The Berndt and Christensen exact test is a test for global separability (at all points
of the untility surface) while the Denny-Fuss approximate test is a test for local
separability (only at the point of expansion). Denny and Fuss(1977), and Blackorby,
Primont and Russell (1977) have shown that the Berndt and Christensen exact test
is a joint test of weak sparability and hometheticity of the aggregator
function (homethetic weak separability) and that this test is nested in the approximate
test. The tests we carry out for the separability conditions are based on the
Denny-Fuss framework,

Exact Separability Tests’” : Let F : Q"—R be a iwice differentiable function with

image F(r)=F(z' -, z"), where Q" is the non-negative Euclidean n-orthant and K

29) Most empirical separability tests are performed to test for the existence of consistent input
aggregates in the manufacturing firm's production technology. See Burgess(1974), Denny and
Pinto(1978), Woodland (1978), Blackorby, Schworm and Fisher (1986). However, on the one hand,
Hancock (1986) and Hahm(1987) performed separability tests to investigate the existence of con-
sistent monetary aggregator functions for the financial firm. Hancock used the translog variable
profit function, while Hahm utilized the generalized symmetric Barnett variable profit tunction
On the other hand, Fayyad(1986) and Serletis (1987) performed separability tests to investigate
the existence of consistent monetary aggregator functions on the demand side. Fayyad used
the absolute price version of Rotterdam model, while Serletis utilized the linear transiog model

30) For more detailed discussions of the definition of separability and the functional separability,
see Goldman and Uzawa(1964), Berndt and Christensen(1973), and Blackorby, Primont and
Russell (1977, 1978).
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is the real line. Let I°’={I',--, I} be a partition of the set of variable indices, I= {1, 2,
---,ny. Then the vector r has the decomposition z= (z!, z% ---, ") and has the Carte-
sian decomposition Q"= Q'XN%X---X 0" Hence K € I' means that z. is a component
of 2" € ",

The ith and jth variables are separable from the kth variable if and only if

1 O (F(x)/Fi(x))/@ =

where F.(z)=09 F(z)/2 z.. This is the so called Leontief separability condition.
Suppose the image of general quadratic flexible functional form can be expressed
as

(22) F’(xzez 2 atf! (Iléj'EZ lgi)fi (Il)fz (Ii),

1 €ELJ

where 8.,;=8;, (i,j)€|z!.
Using (21) and (22), it can be shown that the ith and jth variables are separable
from the kth variable if and only if

(23) QBB+ 220 (B, Bu~BuBix) fi(x) = 0.
Equation (23) holds for all values of z in any neighborhood if and only if
@249 a;Bu—a: 8 =0,
and
(25) Bi1Bu—BupBin=0.

Thus the satisfaction of (24) and (25) is equivalent to weak separability of the pair
{i,j} from k. However, the restrictions (24) and (25) require either strong separability
within the partitioned subaggregates or strong separability between aggregates. *”

Appoximated Separability Tests : For the Translog sepecification, with f (z,)= logz,
equation (23) becomes

(26) aBucai B+ 22 (B0 Bu—BuBi) logz, = 0.

Thus the satisfaction of (24) and (25) is also equivalent to weak separability of {i,j}
from k for the Translong function. Similarly, the imposition of the above Leontief
separability conditions on the Translog functional form requires either strong
separability within the partitioned subaggreates or strong separability between
aggregates. In other words, the test of weak separability with the Translog flexible
functional form becomes the joint test of weak separability and homotheticity of
aggregator function. ** When the null hypothesis of weak separability has been rejected
by the data, the rejection of the null hypothesis may be a result of rejecting the
hometheticity of the aggregator function. Furthermore, once the restriction of weak
separability has been imposed, neither the aggregator function nor the function of

31) This property applies to all functions that have a general quadratic flexible form including the
Translog and the generalized Leontief functional forms. See Blackorby, Primont and Russell (1977).
32} See Blackorby, Primont and Russell(1977). See also the Appendix in Denny and Fuss(1977).
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aggregates is any longer capable of providing an arbitrary second-order approximation.
Thus, testing the null hypothesis of weak separability using the Leontief separability
condition (the exact test) may not be appropriate, because imposing parametric
restrictions for (24) and (25) is too strong to serve as a test for weak sepabrability,
since it introduces unwanted structure. This problem has long been recognized; the
most frequently suggested solution is to treat the specified function as an
approximation to the true underlying function, rather than as an exact function.

In order to avoid the above problems, Denny and Fuss(1977) used the
approximate test using Translong flexible functional form. The Translog function used
is considered to be a second-order approximation to the true frunction, and the null
hypothesis is imposed only at a point of approximation, When a weakly separable
Translog function is approximated by a second-order Taylor series expansion about
the point of approximation z = (1,1, ---,1), the second part in equation (23) vanishes,
hence the satisfaction only of (24) is equivalent to weak separability of {3 j} from
k.

3. Parameter Restrictions for Separability Tests

In order to conduct our approximate tests for weak separability, we consider the
separability restrictions associated with restrictions on the functional from. With four
variables there are three separability patterns : the separability of two variables from
the other two variables; the symmetric separability of two variables from the other
two variables; and the separability of three variables from the other variable. There
are in all thirteen possibilities. These possibilities and corresponding parametric

restricitions are shown in Table 2.3¢

V. EMPIRICAL RESULTS

1. Parameter Estimation

The homothetic translog model has been estimated by the method of maximum
likelihood. The maximum likelihood estimates® of unknown parameters for the model
are presented in Table 3. Most of the parameter estimates are statistically significant
and have signs that would be expected from the economic theory. Among the
first-order coefficients, the a.'s, which represent average expenditure shares of the
aggregate consumer good and each aggregated monetary asset, all have positive
signs, as expected from theory, and have appropriate magnitudes and fairly high

33) However, the approximate test has also some problems. See Woodland(1978), Blackorby,
Schworm and Fisher(1986).

34) For the derivation of these restrictions, see Denny and Fuss(1977). We should express the
restrictions for weak separability in terms of the free parameters of the model. Under each
separability type, we must be able to eliminate a number of free parameters equal to the number
of independent parametric restrictions corresponding to that separability type.

35) These estimates are obtained using FIML program on the TSP econometric package at the Bank
of Korea.
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[Table 2] Parametric Restrictions for

Approximate Weak Separability

Parametric # of independent
Hypothesis S Restrictions Pararrftric Restrictions
((1,2),3.4 /0= Bis/ B3 = Bua/ Ba 2
(1, 3,24 A,/ U= Bra/ Bas = Bra/ B 2
((1, 4,23 /0= Bio/ Bos = Bis/ By 2
(2.3),1,4) @/ = B12/ Brs= Bau/ B 2
(2,4,1,3) X/ = 12/ 814 fas/ Baa 2
(34,12 &3/ Q= B3/ B1a= Bos/ Baa 2
({1, 2), 8 4] /0= Buia/ Bos= Bia/ Bo 3

s/ 0= Bis/ Bia™ Bas/ Ba
(1,3, 249 /0= Bia/ Bes= Bre/ Bas 3

@/ = B12/ Bia= Bus/ B

(14, 23] a1/ 0= Bi2/ Bas = Bra/ B 3
A/ A= B12/ Bis = Bos/ Baa

((1,2,3),4) 1/, = B4/ B4 2
/= B/ B
X/ Q= B4/ B

(2.349.1 X/ = B2/ B 2
/X = B2/ B
a3/ 0= 813/ B

((1,.2,4,3) /= B3/ Bas 2
(11/“6*/813/:834
/0= Bas/ Bas

((1.34).2) /= 2/ Bey 2
a/a,= 531,/ B

/= Bas/ B

Note : The subscripts are ; 1= Q,{consumer good), 2=,(M,), 3=@,(Time &

savings deposits), and 4= @,(Nonmonetary institutions deposits).
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precisions. All estimates of the own-price coefficients 8;.’s are positive with high
precisions, This implies that, as own prices rise, the expenditure share increases and
thus own-price elasticities are all inelastic. Cross-price coefficients are all negative

except A.s Bee, and Bi, which have very low precisions.
2. Regularity Conditions

Before proceeding to hypothesis testings concerning the existence of consistent
monetary aggregates in the consumer’s preference, we want to check to see whether
the estimated homothetic translog model satisfies some regularity conditions, i.e.,
nonnegativity, monotonicity and quasiconvexity. The nonnegativity condition requries
that the values of the fitted demand functions be nonnegative. The condition simply
means that all demands for consumer good and monetary assets are predicted to be
positive by Roy's identity, and this can be easily checked by investigating the signs
of the estimated average expenditure shares. The monotonicity condition requires that
the indirect utility function be monotonically decreasing in prices (user costs), and this
can also be checked by the average shares. Finally, the curvature condition requires
quasiconvexity of the indirect utility function, and may be checked, provided the

monotonicity condition holds, by direct computation of the Hessian matrix {2 ¥/0 v.9 »,).
The Hessian matrix is required to have at most one eigenvalue negative with all others
being positive or zero. This condition may also be checked by the matrix of
Allen-Uzawa partial elasticities of substitution. The matrix must be negative
semidefinite. A necessary, but not sufficient, condition for curvature restriction is
that the own elasticities of substitution must be all nonpositive. **

The estimated homothetic translog model satisfies nonnegativity and monotonicity
conditions at all observations. As for quasi-convexity, it fails to satisfy the curvature
condition at some of the observations. However, at the sample mean (the
approximation point), the estimated model satisfies the curvature condtions.*” The
satisfaction of all appropriate regularity conditions implies that the estimated translog
model is consisitent with consumer’s utility maximizing behavior underlying the model,
and that estimates of parameters will also produce proper elasticities of substitution

and price elasticities.
3. Elasticities of Demand and Substitution

In this subsection, we will consider price elasticities of demand and elasticities
of substitution since direct parameter estimates do not provide an adequate source
of information, For the homothetic translog model, the uncompensated price elasticities
of demand and Allen-Uzawa partial elasticities of substitution can be derived by the
following formulae, **

36) See Ewis and Fisher(1984) and Diewert(1977).

37) It should be observed that our hypothesis testings are based on the Denny-Fuss approximate
test.

38) See Ewis and Fisher(1984) and Serletis and Robb (1986).
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The own-price elasticities :
@27 e, = -1+@ms/PInp; = -1+ 5. /5.
The cross-price elasticities :
(28) e; = 9lins./O Inp: = Bi;/s..
The Allen-Uzawa partial elasticities of substitution : **

(29) o, = [e,/s;]+7,

where 7. is income elasticities and 7.=1 for the homothetic translog model employed
here.

In our study, all own- and cross-price elasticities and Allen-Uzawa elasticities of
substitution are calculated at the sample mean (the approximation point).

In Table 4, we tabulate the price elasticities of demand for the consumer good
and monetary assets along with their approximated ¢ values.'” It is not required that
e.; = e, since their respective shares may differ. It can be shown from the table
that the price elasticities reveal a pattern consistent with the demand theory. All
own-price elasticities have negative signs as expected in theory and are inelastic, i e.,
| el (1. Cross-price elasticities e;, vary between positive and negative and are also
all inelastic. In the table, each column represents the percentage change in quantities
for each good of four goods, given a unit percentage price change of a given good.
From the first column, it can be seen that an increase in the price of the consumer
good results in a decrease in all three monetary assets. From the second column,
an increase in the user cost of M,(Q,) results in a decrease in the consumer good
and an increase in the other two monetary assets @, ¢, Similarly, from the third
column, an increase in the user cost of time & savings deposits (§;) results in a
decrease in the consumer good and an increase in the other two monetary assets
Q. €. Finally, from the fourth column, an increase in the user cost of nonmonetary
institutions deposits (Q,) results in a decrease in the consumer good and an increase
in the other two monetary assets @, @;.. From the above, a conclusion can be drawn
that the consumer good and all three monetary assets are all gross complements for
each other, and that all monetary assets are gross substitutes for each other. *"

It seems that the above conclusion is quite reasonable. Suppose that the price
of the consumer good rises. Then any rational consumer would reduce the demand
for monetary services when he is forced to curtail consumption of the consumer good
due to its price rise. On the other hand, suppose the user cost of a given monetary
asset rises while the price of the consumer good is held constant. In this case, first,
the demand for the given monetary asset would be reduced. The consumer, however,
will substitute for other monetary assets in order to maintain some level of monetary

services,

39) The Slutsky equation in elasticity form is e.,=s,(0.,-7.).

40) The standard errors are calculated as linear approximations. See Kmenta(1971:444). This may
be carried out using the ANALYZ command in TSP.

41) This gross concept in Marshallian sense contains the income effect along with the substitution
effect.
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The estimated elasticities of substitution along with their approximate t values
are listed in Table 5. These elasticities measure the responsiveness in the change
of demand when relative prices (user costs) are changed. As can be seen from the
table, all own elasticities of substitution are negative, so the necessary condition of
curvature is satisfied. The off-diagonal terms measure the degree of substitutability
and complementarity between two goods(or assets). If o.,,>0, two goods are
substitutes, while if o,; =0, they are complements. As we can see from the table,
the estimated elasticities of substitution, however, show somewhat different patterns
of substitution from the uncompensated price elasticities, ie., all goods(assets) are
revealed to be Hicks-Allen substitutes for one another. As for the elasticities of
substitution between the consumer good and each monetary asset, they are very small
with very high precision. An interesting observation is that the elasticity of substitution
between the consumer good and time & savings deposits(g:;) or nonmonetary
institutions deposits (@Q,) (which have both transaction and investment services) is
greater than that between consumer good and M,(¢, which has mainly transaction
services. As for the elasticities of substitution between monetary assets, * the elas-
ticity of substitution between monetrary assets is relatively greater than that between
the consumer good and monetary assets. From the table, the elasticity of substitution
(1. 1549) between M,(Q.) and time & savings deposits(@Q,) is relatively greater than
that (1.0206) between M,(¢, and nonmonetary institutions deposits(Q,), but the two
elasticities are quite similar. The elasticity of substitution (1.0235) between time &
savings deposits (¢;) and nonmonetary institutions deposits (Q,) is relatively greater
than that (1.0206) between M,(¢,) and nonmonetary institutions deposits (Q.).

From the above, we may draw the following conclusions. First, the likely mone-
tary assets have higher substitutability than distant assets. Second, the monetary
assets produced from nonbank financial institutions which are not included in official
monetary aggregate M, also have a much higher substitutability for M,. This suggests
that some assets(with high liquidity) in Q.(nonmonetary institutions deposits) should
be included as components of M,. And third, there appears to be no evidence of
strong substitutability among monetary assets. This means that a simple sum monetary
aggregation, which requires infinite elasticity of substitution, would be an inappropriate
method for the construction of monetary aggregates. Nor can our current simple sum
monetary aggregates be consistent monetary aggregate variables for monetary theory
and policy since they cannot measure the proper flow of monetary services in the
economy. The above information concerning the degree of substitutability among
monetary assets suggests that our current method of construction of official monetary

aggregates is inappropriate and, hence, should be reviewed.

4. Hypothesis Testing Results

One of our principal objectives is to discover the structure of consumer’s

preferences over monetary assets. More specifically, we wish to find out whether

42) For comprehensive explanations concemning the elasticities of substitution between monetary assets
and their implications for monetary policy in Korea, see Hahm and Choi(1988).
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there exist any consistent monetary aggregates over some subseis of the monetary
assets on the consumer's preferences. For this, we empirically test for the
appropriateness of the monetary aggregation assumptions that underlie the various
money measures. As mentioned above, a necessary condition for the existence of
a consistent aggregate is that the utility (aggregator) function, defined over the
components of the aggregate and other items as well, be blockwise weakly separable
in the components of the aggregate. It should also be recalled that the tests we utilize
for the weak separability conditions are based on the Denny-Fuss framework, **

Now we consider hypothesis tests for the existence of monetary aggregates.
Thirteen null hypotheses are considered. Each null hypothesis is tested using the
asymptotic likelihood ratio. As is well known, the negative of twice the difference
between the log of the likelihood function under the maintained hypothesis and the
null hypothesis is asymptotically distributed as Chi-square with degrees of freedom
equal to the number of parameter restricitions imposed under the null hypothesis.

The calculated Chi-square statistics for the hypothesis tests and selected critical
values are presented in Table 6. Among total thirteen hypotheses, based on our
testing method and data, for only three cases we cannot rule out the admissibility
of aggregation over the component monetary assets at the 1 percent significance level.
That is, we find that the three types ((2,3),1,4), ((2,4),1,3) and ((3,4),1,2) of
weak separability are consistent with our data. The test statistics decisively reject
all the other possible separability types by the data at any reasonable level of
significance except ((1,2),3,4) and ((2, 3,4),1).

Specifically, as can be seen from the table, the null hypothesis that there exists
a monetary aggregator function over currency, demand deposits, and time & savings
deposits (M,) cannot be rejected statistically at the 5 percent level of significance.
When the null hyupothesis is imposed, the log value of the likelihood function is
694. 487, while the unrestricted value of the likelihood function is 694.690. The
calculated Chi-square value for the likelihood ratio test of the null hypothesis is X *=0(.
41. This is less than the critical Chi-square value with 2 degrees of freedom at the
5 percent level of significance, which is X ?=5,99, This result strongly supports the
assertion that there exists a monetary aggregator function over currency, demand
deposits, and time & savings deposits (M,). Similarly, the null hypothesis that there
exists a monetary aggregator function over time & savings deposits and other mone-
tary assets produced by the nonbank finanical institutions cannot also be rejected
statistically at the 1 percent level of significance. When the null hypothesis is imposed,
the log value of the likelihood function is 690.160, while the log value of the
unrestricted likelihood function is 694. 690. Thus calculated Chi-square value for the
likelihood ratio test of the null hyupothesis is X ?=9, 06. This is less than the critical
Chi-square value with 2 degrees of freedom at the 1 percent level of significance,
which is X*=9,21. This result statistically supports the assertion that there exists a
consistent monetary aggregator function over time & savings deposits and other

43) See the discussions in section three and section five.
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[Table 6] Log Likelihood - Ratio Test Results

Log Test
Hypothesis Likelihood Statistics® D.F. Critical Values

Value 2(L"-L"Y X% (0. 05) x%(0. 01)
Unconstrained 694. 690
((1,2),3 4 690. 055 9.27 2 5.99 9.21
((1,.3),24 688. 626 12.13 2 5.99 9.21
,se,23 678. 526 24.33 2 5.99 9.21
(23.1.4 694. 487 0. 41%%* 2 5. 99 9.21
(2,4.1,3) 693.128 3.12%%* 2 5.99 9.21
(34,12 690. 160 9. 06* 2 5.99 9.21
(L2, 39 686. 049 17.28 3 7.82 11. 34
(1.3, 249) 687. 936 13.51 3 7.82 11. 34
({1,4), 2,3 686. 322 16. 74 3 7.82 11. 34
(1,23),4 656. 880 75. 62 2 5.99 9.21
(2,3 4,1 689. 515 10. 35 2 5.99 9.21
(1,29,3 687. 205 14.97 2 5. 99 9.21
(1,34),2) 688. 830 11. 72 2 5.99 9.21

Notes : a. The test statistic is calculated as 2(L'-L*) and is distributed as X*, where
L' and L* are the values of the unconstrained and constrained likelihood functions,
respectively. b. *** ! Cannot reject the null hypothesis at the 5 percent level of
significance, * : Cannot reject the null hypothesis at the 1 percent level of
significance. ¢, The subscripts are : 1= @, (Consumer good), 2= Q,(M,), 3= ¢;(Time
& savings deposits), and 4= @, (Nonmonetary institutions deposits).

monetary assets produced by the non-bank financial institutions. One interesting point
is that it has been observed that we cannot rule out the admissibility of aggregation
over currency, demand deposits and other monetary assets produced by the non-bank
financial institutions.

The above results indicate that for some subsets of monetary assets consistent
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two-stage optimization is valid. In particular, there exists a consistent monetary
aggregate over currency, demand deposits, and time & savings deposits (M,). Al
though the aggregation theory indicates that aggregation over currency, demand
deposits, and time & savings deposits is possible (admissible) in light of the
consumer’s preference structure, it does not tell us how to aggregate these monetary
components included in the aggregate. However, it should be recalled that the
information concerning substitutability among monetary assets suggests that the simpie
summation method is inappropriate for constructing monetary aggregates and it would
be better to depend on a more scientific method such as the Divisia monetary index
based on aggregation and index number theory.

One more important comment : There is a growing literature on money demand
system analysis based on consumer theory in both theoretical and empirical
frameworks, Such system-wide studies of demand for monetary assets have typically
assumed weak separability between consumer goods and monelary assets. ‘"’ This
assumption involves the traditional “money-nonmoney” dichotomy, and implies that
we can formulate a subutility (aggregator) function over monetary assets alone. How-
ever, this assumption is empirically testable. The task involves the testing of
preferences for weak separability in the block of monetary assets. Our testing result
indicates that this hypothesis is rejected by the data at the margin. That is, it is
rejected at the 1 percnet level of significance, but we cannot reject the possibility
of the traditional money - nonmoney dichotomy at the 0.5 percent level of significance.
This, in any event, remains to be a matter which merits further investigation. It
should be noted that there is some empirical evidence in support of the weak

separability between monetary assets and other consumer goods and services. **’

VI. SUMMARY AND CONCLUDING REMARKS

This paper lays out a system-wide approach to the demand for money on Korean
data under a microtheoretical framework. Its primary objective is to propose an explicit
method for the construction of consistent monetary aggregates in the sense that
consumers can possess stable preferences over the aggregates. Specifically,
consumer’'s demand behavior for money is analyzed based on the choice-theoretic
framework. We estimate price and substitution elasticities of monetary assets, As is
well known, the degree of substitutability among monetary assets has been used
explicitly or implicitly to provide a rationale for the appropriate definiton of money.
We then test for the appropriateness of aggregation assumption (weak separability)
underlying various money measures. This ensures the validity of the consistent

two-stage optimization.

44) See Chetty (1969), Donovan(1978), Offenbacher(1979), Barnett(1980), Ewis and Fisher (1984, 1985),
and Serletis and Robb (1986, 1988).
45) See Fayyad(1986), Hancock(1986).
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In order to apply a system-wide approach {o the demand for money under a
microtheoretical framework, as a first step, we derive user costs for monetary assets.
Then, we construct three types of Fisher Ideal monetary aggregates. An assumption
of weak separability between consumer goods and monetary assets is not imposed
since this study treats consumpiton of consumer goods jointly with consumption of
monetary services, Instead, this assumption is tested empirically.

Although much work has to be done, we may draw the following interesting,
though tentative, conclusions based on our results.

(1) All the monetary assets are found to be own-price inelastic. This may give
some information on the change of demand for monetary services due to the change
of interest rate.

(2) A very interesting observation is that the consumer good and monetary assets
appeared to be gross complements for one another, while monetary assets are all
gross substitutes for each other. However, in terms of the Allen elasticities of
substitution, all goods (assets) are revaealed to be Hicks-Allen substitutes for one an-
other.

(3) One more interesting observation is that .the elasticity of substitution between
the consumer good and time & savings deposits or other monetary assets produced
by non-bank financial institutions (which have both transaction and investment services)
is greater than that between consumer good and narrow money M,(which has mainly
transaction services).

(4) The elasticity of substitution between M, and time & savings deposits is
relatively greater than between M, and other monelary assets produced by non-bank
financial institutions. The elasticity of substitution between time & savings deposits
and other monetary assets produced by non-bank financial institutions is relatively
greater than that between M, and other monetary assets produced by non-bank fi-
nancial institutions, The likely monetary assets have higher substitutability than distant
assets. The monetary assets produced from non-bank financial institutions is relatively
greater than that between M, and other monetary assets produced by non-bank fi-
nancial institutions, The likely monetary assets have higher substitutability than distant
assets. The monetary assets produced form non-bank financial institutions which are
not included in official monetary aggregate M, also have a much higher substitutability
for M,

(6) There appears to be no evidence of strong substitutability among monetary
assets. This means that the simple sum monetary aggregation, which requires infinite
elasticity of substitution, would be inappropriate for the construction of monetary
aggregates, Hence our current simple sum monetary aggregates cannot be consistent
monetary aggregate variables for monetary theory and policy since they cannot meas-

ure the proper flow of monetary services in the economy.
(6) There appears to exist some consistent monetary aggregates over some

subsets of monetary assets. This also ensures the validity of two-stage recursive

optimization process. In particular, our current official total money stock(M,) is found
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to be a consistent monetary aggregate in the sense that consumers have stable pref-
erence over M,

As is the case for all the empirical studies, the study carried out above cannot,
in any event, be exhaustive or conclusive, but rather shouid be viewed as a first
step toward shedding some light on the construction of consistent monetary aggregates
in Korea. Further research is clearly needed in this area.

Some areas of research which can be profitably expanded are as follows :

(1) Since there exists some evidence for the appropriateness of two-stage re-
cursive optimization process, we may construct a subutility function over monetary
assets only. Substantial benefits can be expected from the estimation of money
demand system with more disaggregated monetary data. It would be very instructive
to investigate the appropriateness of monetary aggregation over various subsets of
monetary assets to obtain consistent money measures.

(2) In this study, we use homothetic utility function throughout. While its use
greatly simplifies the estimation of demand system and hypothesis testings, it imposes
unitary expenditure elasticities. Weakening the homotheticity assumption is clearly an
area for productive future research. *®

(3) Since the translog flexible functional form basically provides only a local
approximation, it would be constructive to utilize other flexible functional forms which
have global property such as the Fourier flexible functional form (Gallant (1981)), the
Laurent flexible functional form (Barnett (1983)), or the normalized quadratic semiflexible
functional form (Diewert (1988)).

(4) The estimating demand system can be expanded by allowing a dynamic
formulation to accommodate short-run disequilibrium situations (including lagged
endogeneous and exogenous variables as regressors). ‘"

(5) Once various levels of consistent monetary aggregates over which consumers
possess stable preference are constructed theoretically or practically, the next step
should be to investigate their empirical performance in terms of various macroeconomic
policy criteria such as causality and stabililty of money demand function in order to
select the most appropriate monetary aggregates as an intermediate target.

(6) As the above results indicate, the simple-sum monetary aggregation is
inappropriate for construction of economic monetary aggregates, If Divisia or Fisher
Ideal monetary aggregates, which can properly capture the flow of monetary services
in the economy, are consfructed and used as an indicator, then an enormous amount
of information as a monetary indicator can be expected from them. **

46) As a practical alternative, a quasi-homothetic translog model(LTL), or a generalized translog
model (GTL), or a basic translog model (BTL) can be utilized.

47) See Anderson and Blundell (1982).

48) An empirical analysis concerning the performance of the Fisher Ideal monetary aggregates in
Korea appears in Hahm and Choi(1988). They report that all levels of the Fisher Ideal monetary
aggregates are found to be superior to simple sum monetary aggregates in terms of velocity,
demand function, and lagged correlation analysis.
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