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Abstract

Increasing interest has been shown in recent years in index number measures
of money which weight the different components within each monetary
aggregate. This paper presents an assessment of Divisia measures of money
including an appraisal of the theoretical arguments for the Divisia approach to
monetary aggregation. It also describes the construction of a Divisia index for
the United Kingdom and discusses the potential relevance of Divisia for the
assessment of monetary conditions.




Divisia indices for money: an appraisal of theory and
practice

1 Introduction

Existing monetary aggregates can be thought of as defining the quantty of
money as the weighted sum of the total value of a set of monetary assets, with
weights of unity if an asset is included in the definition or zero if it is excluded.
Such simple-sum aggregation does not distinguish between the ‘moneyness’ of
the components of the aggregate: thus notes and coin in circulation are treated
in exactly the same way as interest-bearing deposits and substitution of one for
the other has no effect on the aggregate. But the former are pure media of
exchange and are non-interest-bearing, whereas the latter are primarily a store
of value, earning an explicit rate of return; so such switching may in fact be
significant. In addition, not only do components of monetary aggregates differ
in terms of their use for transactions purposes, but these differences change
over time. The assumption that all components are perfect substitutes is
therefore not an accurate representation of f act.(D)

During the last ten years there has been increasing interest in index number
measures of money which weight the different components within each
monetary aggregate. The majority of authors favouring this approach have
applied the Divisia weighting scheme.(?) Bamett, Fisher and Serletis (1992)
provide an excellent survey of the theory underlying monetary aggregation and
the rationale for the Divisia index.

@)) Simple sum measures of money may, however, be more appropriate for other reasons,
such as to ascenain the size of the banking industry, where the relevant aggregate is the
size of balance sheets.

(2) The Divisia index was originally proposed by Francois Divisia in 1925 and was first
used to analyse monetary data by William Bamett at the Federal Reserve Board. In the
United Kingdom, its advocates have included Batchelor (1988a; b), Belongia and
Chrystal (1991), Ford et al (1992) and Spencer (1989, 1992).

(V)




The Divisia approach attempts to allow for the varying transactions properties
of the components of a monetary aggregate by giving them different weights.
If these weights retlect the differences in transactions services provided by
various moneltary assets, then the resulting Divisia index should be more
Closely related to total spending in the economy than are conventional
monetary aggregateS. If this theoretical case for weighted aggregates is
accepted, then the usual choice between various monetary indicators (ie MO,
M4, etc) should be expressed instead in terms of weighted narrow and broad
aggregates. However, the issue of how best to measure ‘money’ is logically
separate from the question of whether changes in money are related to
movements in other macroeconomic variables. Although policymakers may be
interested primarily in monetary indicators which exhibit stable relationships
with intermediate or final target variables, the principal attraction of Divisia is
its consistency with the microeconomic theory of consumer behaviour.

This paper presents a detailed appraisal of Divisia. It assesses the theoretical
relevance of the Divisia approach for monetary aggregation and identifies
factors which in practice might make the Divisia index a misleading measure
of monetary services.(3)  The paper is organised as follows: Section 2
outlines the basics of indexation and examines the rationale for choosing the
Divisia index; Section 3 sets out the criteria for an admissible aggregate;
Section 4 examines what Divisia actually measures, in particular whether it is
possible to isolate the transactions services of monetary assets from the other
functions of money; Section 5 considers the problems encountered in
constructing the weights; Section 6 presents a preliminary Divisia index for
the United Kingdom, describing its construction and presenting alternative
indices based on different assumptions concerning the data used; Section 7
sets out the results of prcliminary econometric tests; and Section 8 concludes
with a discussion of the implications for policy formulation.

3) Monetary services can be defined generally in relation to the functions of money, 1e
store of value, unit of account, medium of exchange, etc. Where monetary assets differ
only in terms of their use as media of exchange, these differences can be regarded as
differences in transactions services provided by the assets. This issue is discussed
further in Section 4.
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0 Statistical index numbers and the rationale for Divisia

The microeconomic theory of aggregation outlines conditions under which a
group of assets can be aggregated together and treated as a single good. An
‘exact’ aggregate is defined as a group of assets for which a consumer’s
demand can be solved in two stages. The first stage is the decision over the
total quantity of the aggregate to be held, while the second stage is a separate
decision regarding the quantities held of each of the assets that comprise the
aggregate. Only aggregates that satisfy this condition will display well-defined
demand functions. In order to construct such economic aggregates, the
relationship between the component assets - the extent to which the assets are
substitutes - has (o be ascertained. This relationship - more generally known as
the aggregator function - is typically a utility function (in the case of
consumers), or a cost function (for producers). Thc parameters of the
aggregator function, which neced to be estimated, will reflect the degree to
which assets can be substituted. Since the resulting aggregate will then depend
on both the choice of estimator and the specification of the aggregator function,
this procedure 1s unlikely to prove popular for official measures of money.
However, simple sum aggregation implicitly entails exactly this choice, albeit
by default, since the parameters arc not estimated but are set equal to unity.

Whereas an cconomic quantity aggregate depends only on the component
quantities and unknown paramelters, a statistical index does not depend on any
unknown parameters but on the component quantities and their prices. Thus a
statistical quantity index avoids the need to estimate parameters of the
aggregator function by making the quantity index dependent on the component
prices. There are a variety of statistical index numbers and until recently there
were no clear criteria for selecting the most appropriate for monetary
aggregates.

The link between economic quantity aggregates (from the microeconomic
theory of aggregation) and statistical index numbers was provided by Diewert
(1976), who defincd a class of ‘superlative’ index numbers which approximate
arbitrary ‘exact’ aggregator functions. He defined an index number to be exact
if it equals the aggregator function whencver the data are consistent with




maximising behaviour. Hulten (1973) showed that in continuous time the
Divisia index would satisfy this criterion for any weakly separable aggregator
function. In the case of discrete time these exact index numbers do not exist,
but Diewert has shown that the Tornquist-Theil Divisia index (ie the discrete
time version) could provide a second-order approximation to any linearly
homogeneous aggregator function.

The second development, due to Barnett (1978, 1980), was to derive the ‘user’
cost of monetary services, analogous to the user cost of durable goods. These
user costs could then be used as the prices that are required in order to calculate
statistical index numbers. Previously it was not clear what the price of a
monetary asset should be specified as, and since all monetary assets were
denominated in the same currency, they were considered to be very similar
assets.

2.1 A Divisia index for money

A Divisia index for money weights each of its components according to the
extent to which they provide monetary services. Providing there exists a
well-dcfined aggregate and the aggregator function is linearly homogeneous
then the Divisia index exhibits several desirable characteristics, the most
important of which is that it i1s consistent with the original optimisation
problem faced by the representative consumer. The index is a weighted sum of
its components’ growth rates, where the weight for each component is the
expenditure on that component as a proportion of the total expenditure on the
aggregate as a whole. This result is derived from the optimisation problem of a
representative consumer and thus has a theoretical underpinning in
microeconomics. Appendix A shows how the continuous time Divisia index
can be derived from the consumers’ utility function.

The discrete time approximation is given by:
InD,-InDgq)=Z;ny (In M;, - In Mi(l—l)) (1)

where: D[ = the Divisia measure at time ¢
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M;, =holdingof asset:at ime ¢

nip = V2 (s +Si.1))

Sip =P M) 1 Z{py Mjy)

p;; = price of asset i at ime ¢ (defined below)

When considering monetary assets, the relevant price is the asset’s user cost.
This is the interest foregone through holding a monetary asset rather than a
financial asset which offers a higher return but provides no monetary services.
The relevant user cost formula can be derived rigorously from an intertemporal
maximisation problem [Bamett (1978)]. However, this much simpler foregone
interest argument is sufficient to provide the intuition behind the relationship.
Appendix B outlines a formal derivation of user costs based on Donovan
(1978).

The user cost (price) of each asset is given by:
P =(R-r;) (2)

return on ‘benchmark asset’

where: R
return on monetary asset i

*
]

price or user cost of monetary asset (4

Pi

Although most studies have used the Divisia index, Rotemberg, Driscoll and
Poterba (1991) have proposed an alternative weighted aggregate which is
closely related to Divisia. Their ‘Currency-equivalent’ aggregate (CE) is
defined as the total stock of currency required to provide the same amount of
transactions services as is provided by all monetary assets. The index is a
simple time-varying weighted average of the stock of all monetary assets,
where the weights are the ratio of each asset’s user cost 10 a benchmark return,

(4) In Section 6 these uscr costs are adjusted for taxes.




1e CE, = Z[(p;)IR,] M;,. This index is a weighted average of the levels of
monetary assets, whereas Divisia is a weighted average of growth rates.

There are a number of ditferences between this index and Divisia. The major
advantage of the CE index arises when new assets are added to the aggregate.
Since the Divisia index is based on changes in the logarithm of the component
assets, by definition when a new asset is added its rate of change will be
infinity. The CE index is also intuitively more appealing since, being
expressed in levels, 1t 1s simpler to interpret than the chain-linked Divisia
index. The CE index is, however, derived from more restrictive assumptions
regarding the flow of monetary services. Many of the other characteristics of
CE and Divisia are very similar. Thus, although the rest of this paper
addresses Divisia, the issues we discuss are in general applicable to the CE
index. In Section 6.3 we construct a CE index for the United Kingdom.
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3 Determining the components of a monetary aggregate - weak

separability

Following from the discussion on aggregation (Section 2), a group of goods
can be considered as an aggregate - as if it was an elementary good - if the
decision regarding the level of the aggregate to be held is independent of its
composition. This requires weak separability of the group of assets in the
utility function. In the absence of such separability, changes in the relative
prices of its components which left the aggregate’s overall price index
unchanged would imply different levels of demand for the aggregate as a
whole. In this case, a stable microeconomic demand function for the aggregate
could not exist. Thus weak separability is a necessary condition for any
collection of assets to be considered as an admissible monetary aggregate,
including the conventional aggregates.

Early studies investigated which assets should be grouped together to form a
monetary aggregate by estimating the elasticities of substitution between
different assets [Chetty (1969)]. But this approach does not provide evidence
for the separability of a particular group and furthermore it is likely that such
parametric tests are sensitive to specification error in the functional form.
Even if the correct specification for any period could be found, itis unlikely
that the elasticities of substitution will remain constant over time.

A non-parametric test for the weak separability of assets has been developed
by Varian (1982). Thc selection of assets for aggregation is based on whether
the observed holdings of assets at prevailing prices (user costs) appear
consistent with utility maximisation. Varian applies the Generalised Axiom of
Revealed Preference (GARP) which is a sufficient condition for utility
maximisation. If a finite set of price and consumption data is consistent with
GARP, then there exists a utility function that could have generated that
behaviour. It allows for all behaviour consistent with optimisation by a
representative consumer, including multi-valued demand functions where a flat
part of the indifference curve leads to different levels of demand being
consistent with the same prices. If the observed consumption pattern within a




subset of all goods satisfies GARP, given the total expenditure on that subset,
then that subset forms a weakly separable group.

There are, however, some scrious disadvantages with this approach. It treats
observed holdings as equilibrium values, making no allowance for
measurement errors and adjustment costs. Thus assets may be ruled out when
the failure of the test is due to adjustment costs, rather than their absence from
the weakly separable group.(s) When there are adjustment costs, the
appropriate prices should incorporate these costs since asset holdings and
portfolio reallocations will be based on the ‘effective’ user costs, rather than
the user costs derived from the explicit own rates of return. More generally,
the Varian test is not appropriate for dynamic models. Also, it does not allow
for stochastic shocks which could lead to observed holdings of monetary asscts
being away from their equilibrium values. As a result it gives a binary yes/no
result rather than the confidence intervals generally associated with statistical
tests.

In principle, any good can provide ‘transactions services’. One of the main
advantages of Divisia is that it imposes no arbitrary limit on this theoretical
continuum of available ‘monetary goods’. The yes/no result of the Varian test
seems inconsistent with the existence of a continuous spectrum of monetary
assets. However, Varian’s approach tests the validity of a priori restrictions. If
we measure the transactions services provided by al/ goods using the Divisia
approach, we have imposed no such restrictions - the Varian test is then simply
irrelevant. Logically, the group of ‘all goods’ must form a weakly separable
subsct of all goods: a test of separability is superfluous. Obviously, the
transactions services provided by some goods are negligible and they would be
assigned Divisia weights close to zero. To make calculation of the Divisia
index tractable, zero weight restrictions would be imposed a priori on such
goods. If these restrictions can be tested to ensure the remaining goods form a
weakly separable group, and thus an admissible aggregate, there would be no
logical or theorctical contradiction between Divisia and Varian’s separability

5 In general any costs (actual or perceived) which result in a gradual adjustment of stocks
to their desired levels could lcad 10 a failure of the admissibility test.
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test. In practice, however, these separability tests cannot deal with adjustment
costs, or any other source of inertia in portfolio adjustment.

Separability does not, however, provide an objective criterion for deciding
what 1s money and what is not. The restrictions imposed are entirely
subjective and separability is simply a technical issue regarding the consistency
of such restrictions with aggregation theory. For example, the chosen
separable group of ‘monetary assets’ may itself be a subset of a larger
separable group; there is no reason for the smaller aggregate to be ‘money’
and the larger not. Indeed, the Divisia approach does not impose a definition
of ‘money’; it is the monetary services provided that are important.

Existing UK Divisia indices largely ignore the separability issue [Spencer
(1989, 1992), Batchelor (1988a; b)]. Work which has used the Varian
approach [Belongia & Chrystal (1991)] has concentrated on testing the
separability of subsets of the components of M4. This assumes implicitly that
M4 itself consists of a weakly separable group of component assets.




4 What does Divisia actually measure?
1.1 Monetary and transactions services

[tis far from clear what ‘monetary services’ are. Textbook monetary theory
suggests that money performs three functions: unit of account, store of value
and medium of exchange. Proponents of Divisia indices are concerned only
with the last of these. With regard to the unit of account function, the choice of
numeraire in an economy at equilibrium is arbitrary. All capital-certain
nominal assets denominated in the same currency provide equally good stores
of value.®)  Since Divisia indices are normally restricted in their coverage to
such assets, store of value services are controlled for in their construction.
These services therefore do not need to be allowed for in the weighting
procedure. Advocates argue that Divisia needs to allow only for the varying
transactions scrvices offered by monetary assets if the objective is to arrive at a
more refined measure of money for which demand is likely to be stable with
respect 1o the usual determinants.(7)

Monetary assets, however, display a range of characteristics, only some of
which relate o their use as a medium of exchange. Many bank accounts offer
investment advice, longer branch opening hours and easier overdraft facilities.
Not all of these features provide for transactions, but they are ‘monetary
services’ to the extent that their avatilability is contingent on holding monetary
assets. Thus the Divisia measure is of wider scope than solely transactions
services. Since these characteristics are not uniform across different
categories, differences ought ideally to be allowed for in the weighting

procedure.
(6) This argument assumes the asscts under consideration all have zero default risk.
(7) Since this demand function is derived from the representative agent’s optimisation

problem, only 1if certain restricuons are satisfied (identical preferences, endowments,
ctc) will there cxist a stable macroeconomic demand function. We note this point to
emphasise that the thcoretically appcaling framework of Divisia may not yield a stable
macroeconomic monelary aggregate. This argument, however, is equally relevant to
simple sum aggregates.
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In principle, each characteristic of a bank or building society account could be
assigned an implicit price and a pure transactions index calculated using the
transactions elements. In practice, the multiplicity of accounts and
characteristics would makce the problem intractable. Non-price competition
and product discrimination among banks and building societies have vastly
expanded the range of accounts available. Furthermore, this process would
require a subjective judgment about what to include, undermining some of the
original attractiveness of the Divisia approach. To the extent that the Divisia
index does not measure only transactions services, it may not have a stable
relationship with macroeconomic variables. However, since the non-price
characteristics of monetary assets are likely to be relatively stable on the
whole, changing only slowly through time when viewed in the aggregate,
failure to allow for them may not be a serious omission in the present context.

4.2 Pricing of transactions services

Divisia defines transactions services implicitly, using the observed interest rate
to compute a user cost [or the services provided by each asset. Monetary assets
are viewed as durable goods which render their holders a variety of services.
The interest rates are assumed to be at perfectly competitive full equilibrium
levels; they act as a “summary statistic’ containing all the available
information regarding how the market values the services provided by
monetary assets. At full competitive cquilibrium, the observed interest rates
reflcct (ully the shadow price of the services provided by the asset.

If the banking industry is impcrfectly competitive there may be significant
non-price compctition. The explicit own returns on assets will not then reflect
the true returns to asset holders. A more serious issue is the failure of
equilibrium market interest rates to capture the full shadow price in the
presence of externalities. Given the ‘social’ nature of a medium of exchange,
this 1s likely to be a recurring problem. For example, the transactions services
provided to an individual by a bank current account depend on how many other
people and institutions have such accounts. The more people with accounts,
the wider the acceptability of bank cheques. Yet the increased benefits of a
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bank account to an individual arising from such externalities do not increase
the bank’s costs and thus, even in cquilibrium, will not be reflected in market
interest rates. Money performs some intrinsically social functions, a point
made frequently in the literature on the origin of money.

The fundamental problem may be due to the fact that the theory of the demand
for money is not well founded. Including money in utility functions has often
been questioned. Economists have generally had to resort to overlapping
generations models or cash-in-advance type constraints to motivate the demand
for money. Inthe absence of a coherent theory it is difficult to ascertain the
appropriate prices. In some recent work Kiyotaki and Wright (1989,1991)
have modelled the existence of money by relating it to its acceptability as a
medium of exchange. They show that decisions by agents regarding whether
to hold money depend on the probability of it being accepted as a medium of
exchange and therefore their willingness to incur the costs of holding money
can be related to the nature of monetary equilibrium. The relation between
their notion of costs and the user costs in Divisia is not clear. What their work
does suggest, however, Is that actual user costs may be more complicated than
the simple difference between the return on two assets.

Thus in practuce Divisia measures all those services whose cost is reflected in
the asset’s equilibrium interest rate. Without modelling explicitly the supply
side of the services market, these services cannot be identified precisely.
Divisia simply assumes that differences in interest rates measure differences in
transactions services provided. However, many of the services offered carry
explicit charges which arc part of the price of transactions services afforded by
bank accounts. When, for example, banks increase the interest they pay on
current accounts, and at the same time introduce charges for services provided,
the Divisia user costs may indicate a significant but spurious change in
transactions services provided. In principle the user costs should be calculated
on the basis of netreturns (explicit return less an imputed charge). Typically,
however, the charges depend on account usage and the true user costs will not
then be independent of quantities held and turnover. A rough attempt to
explore the significance of the associated measurement problems is reported in
Secuon 6.1.




4.3 Linear homogeneity

A related 1ssue concerns the technical requirement that the transactions
services function be homogeneous of degree one in asset holdings. The
attractiveness of the Divisia approach is founded on its derivation from the first
order conditions of an optimisation problem and its consequent consistency
with microeconomic theory. To complete the derivation, linear homogeneity is
required so that the Euler relationship can be employed. This relates the total
value of transactions services to the partial derivative of each asset in the
aggregator function and thus to equilibrium prices. Intuitively, linear
homogeneity ensures that the aggregate will grow at the same rate as its
components and that the Divisia weights will sum to unity (this is
demonstrated formally in Appendix A).

The assumption of linear homogeneity seems plausible for a measure of
transactions services - doubling all money holdings would double the
transactions services available. However, the broader measure of services that
Divisia actually providcs is unlikely to satisfy this restriction. Investment
advice and access to overdraft facilities are generally contingent on having a
bank account rather than the amount held in it. Doubling bank deposits would
not necessarily double the advice the bank provided. In cases where linear
homogeneity is violated (for example, when services come in discrete ‘lumps’
rather than continuously, as with the example of investment advice), Divisia
gives a poor measure since it relates the growth rate of asset holdings to that of
total services, not allowing for the discontinuities that are likely to characterise

this relationship.




Problems in constructing the weights

5.1 Financial innovation and the effects of gradual adjustment
Financial innovation has posed considerable problems in the empirical
estimation of money demand equations. Proponents of Divisia have argued
that financial innovation, particularly the introduction of interest-bearing
accounts, is one of the main advantages of assigning different weights to the
individual components of monetary aggregates. It is helpful to consider two
forms of financial innovation - product innovation and technological
innovation.

Product innovation is where banks use existing technology to introduce new
types of accounts - the innovation is essentially to offer the existing
characteristics of financial assets in different combinations. This type of
product innovation, which has been extensive in the UK, is to a large extent the
result of increased competition in the financial services industry. The Divisia
index should in principle be able to account for this since the trade-off between
the consumption of commodities and the consumption of transactions services
will not be affected. Asset holders will reallocate their money holdings
without altering the aggregate consumption of transactions services. In general
the Divisia index should also capture the effects of financial deregulation,
which allows banks to offer a wider product range.

The effects of technological innovations may change the parameters of the
aggregator function, in which case the trade-off between the consumption of
commodities and the consumption of transactions services will change. An
example of this would be new technology, such as the introduction of ATMs
and the wider use of credit cards, which increase the transactions services
provided by existing asset holdings without increasing the user cost. Even
when the representative agent is fully optimising in the face of given interest
rates, the observed user costs and asset holdings may not reflect the direct
impact of technological improvements. To the extent that such innovations are
not reflected in equilibrium interest rates, the Divisia index will mismeasure
the growth of transactions services (see Appendix A for a formal derivation of
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the deviation between the growth of transactions services and the Divisia

index).

Koenig and Fomby (1990) and Ford, Peng and Mullineux (1992) suggest
modifications of the Divisia index when there is non-neutral technical change.
Koenig and Fomby recognise the need for parametric estimates of the
aggregator function as the correct procedure, although as we have noted earlier
this implies that the measure of money is subject to the choice of the
specification of the functional form and the estimation procedure used. Ford et
al (op cit) introduce a series of adjustments to the Divisia measure to account
for technological change. They assume that interest rates fail to respond to
innovations and impose ‘refinements’ upon the Divisia index. In the short run
this is likely to be appropriate because of adjustment lags, but when the full
competitive equilibrium required by Divisia obtains, observed interest rate
differentials may fully reflect the costs and benefits of innovation. If they do,
such adjustments are superfluous.

On the demand side, the Divisia approach treats observed holdings of assets as
equilibrium values at thec observed prices. Even if there are no supply side
adjustments going on, that is to say, even if the observed interest rates can be
assumed to be equilibrium rales, the assumption that asset holdings are at their
desired values is inconsistent with the extensive evidence from both the
theoretical and the empirical literature on the demand for money. There are
likely to be adjustment costs, information asymmetries and so on, all of which
imply that agents adjust their holdings of monetary assets gradually in response
to changes in either the general level of interest rates or changes in relative
interest rates between different types of bank and building society accounts. A
recent example is the gradual decline of non-interest bearing accounts.

Spencer (1992) addresses this issue directly by smoothing the interest rate user
costs belore using them to construct the expenditure shares or growth weights.
However, although the user costs are smoothed lagged interest rates, portfolio
equilibrium is still assumed. For some assets this may not be plausible. It
suggests, for example, that individuals fail to adjust out of non-interest-bearing
current accounts into interest-bearing current accounts because of incorrect
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perceptions about the interest paid on interest-bearing accounts. This may be
related to the general problem of using explicit interest rates to calculate user
costs. In a banking system which is not perfectly competitive there will be
some non-price competition, which implies that interest rates do not fully
reflect total returns. It may therefore not be appropriate to group cash and
non-interest-bearing accounts in one category. One implication of this
procedure is that any subsequent estimated demand for money function will
also have to be based on the same lags.

Si Choice of the benchmark asset

To assign user costs to each asset, an asset which does not yield any
transactions services has to be selected against which the opportunity cost of
these services can be measured. The user cost of a monetary asset is then
simply the difference between the return on the non-monetary asset less its
own rate of return.

In principle the non-monetary asset has to be capital certain in order to make it
comparable to other monetary assets, and not to offer any transactions services.
Assets which offer some transactions services should themselves be included
in the Divisia aggregate. This implies that assets for which there are active
secondary markets cannot be considered, since the existence of a secondary
market would enable holdings of this asset to be converted readily into (more
liquid) assets that could be used for transactions. There are not many assets
which satisfy these two criteria. Some of the earlier work on Divisia [Spencer
(1989) and Batchelor (1988a; b)] used the local authority deposit rate as the
benchmark return. Another possible candidate could be National Savings
certificates, although their holding period is typically longer than most
monetary assets and the amount that can be held in this form is limited. Itis
however difficult to cxplain why some studies use corporate bond yields
[eg Belongia and Chalfont (1989) and some of the earlier US studies by
Barnett and others], since these include significant default premia and are

traded in an active secondary market.




The benchmark asset will not in general be the same asset in different periods
sincc money holders will in principle select the highest yielding non-monetary
asset. Although advocatcs of the Divisia approach recognise this, in practice
most studies use one single benchmark rate since, as noted earlier, there are
few non-monetary assets that are capital certain and for which there i1s no
active secondary market. More recent work, however, has adopted the
approach of utilising the maximum available rate from a given data set of
prices as the benchmark.

oy Negative user costs - the downward sloping yield curve

Even if a number of non-monetary assets fulfilled the above criteria for a
benchmark asset there still remains the more serious problem of negative
welghts on some monetary assets in periods when markets expect interest rates
in the future to be lower than current interest rates, ie¢ when the yield curve is
downward sloping. This problem arises primarily because yields to maturity
are used instead of expected holding period returns, which are by definition not
observable.(g) The thcory underlying the Divisia approach suggests that
agents decide on their distribution of monetary assets on the basis of expected
(holding period) returns, and in principle should be allocating their portfolio
between differcnt assets according to instantaneous expected returns.

For any given holding period the problem of negauve weights will not arise: if
interest rates arc cxpected to fall, all expected holding period returns will fall
accordingly. Thc problem, however, is how to measure expected returns.
Normally one could use the term structure of interest rates to work out what
implied forward rates arc, and by the expectations hypothesis of the term
structure thesc can be treated as expected future interest rates. However, this
would imply that there is no term premium, which is one characteristic which
Divisia is attempting to capture. For example, the difference between holding

(8) It1s also possible that some assets have other characternistics. For example, they may be
more acceptable as collateral and as a result have lower yields than assets which
provide transactions scrvices. Rotemberg et al (op cit) cite this argument for not using
Treasury bills in the United States as the benchmark asset.

21




four successive scven-day accounts and a one-month account. From implied
forward rates the expected holding period returns on these two assets would be
equal, suggesting that they are not different in terms of their ‘moneyness’.
Therefore, given that the term structure cannot be used to calculate expected
returns, an alternative way of measuring expectations would have to be found.
Modelling the term premium on a range of very short-term monetary assets has
to our knowledge not been attempted and is unlikely to be straightforward.

Advocates of the Divisia approach have argued that a moving average of
lagged interest rates should be used to overcome this problem. This would be
feasible - the necessary interest rate data on most of the relevant monetary
assets should be available - but the user costs would not be the current
opportunity costs. At times when interest rates change there would be
significant distortions to the Divisia aggregate, especially because the true
weights on cash relative to interest bearing assets would be significantly
different from the historic (lagged) weights.

6 A Divisia index for the United Kingdom
The Divisia indices presented in this paper are constructed from the

components of the M4 broad money aggregate and the following interest rates
shown in Table 1.)

9) Appendix C sets out, 1n detail, the data utilised and their sources and Appendix D
graphs the levels of the components.
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Table 1:

COMPONENT

Notes and coin in circulation
with the public

Non-interest-bearing UK private
sector sterling sight deposits

Interest-bearing UK private
sector bank sight deposits

olw Persons

Corporates

Interest-bearing UK private
sector bank time deposits

olw Persons

Corporates

Building socicty deposits

olw Persons

Corporates

(Benchmark asset)

M4 components and interest rates used to construct Divisia

INTEREST RATE

Z€ero

Z€ro

Clearing bank instant access account rate
(gross rate)

Overnight London interbank deposit rate

Clearing bank interest-bearing personal
accountrate (gross rate)

Three-month London interbank deposit rate
minus 0.5%

Building society savings account rate (gross
rate)

Three-month London tnterbank deposit rate

Three-month local authority deposit
rate

The quarterly index covers the period 1977 Q1 to 1992 Q4, providing sixty-
four observations. All series are seasonally unadjusted - the index is then itself

seasonally adjusted.
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6.1 User costs

Obtaining the correct specification for user costs is important not only for the
time path of Divisia, but also for the empirical tests to be carried out. The user
costs are constructed as in equation (2) above, with (R-r;) adjusted for taxes,
giving (R-r;)(1-w), where w is the tax rate for asset i.(10)

As noted earlier, when calculating user costs and weighting component assets
the instantaneous expected holding period return rather than the interest to
maturity should be used. The transactions services derived from each asset
will then refiect the difference between the holding period return on the
benchmark asset and the holding period return on monetary assets. However,
since the instantaneous holding period return is unobservable, we use the
returns to maturity. Rates for maturities of less than three months are averaged
over the quarter.

There are, of course, practical problems in assigning interest rates to particular
classes of deposit. In particular, a detailed breakdown of deposits and their
respective returns is not readily available, nor is it clear what the most
appropriate single interest rate is for calculating the user costs applicable to
each category of deposit. The following illustrates a number of the practical
difficulties in calculating user costs.

(a) The importance of the benchmark interest rate
Since the same benchmark rate is used for computing each component weight,
then the higher is this rate compared with other interest rates, the more equal

all the relative weights become.

Our preferred index uses the three-month local authority deposit rate as the
benchmark interest rate. These deposits are non-marketable and non-chequable

(10) The composite tax ratc 1s used for interest-bearing retail deposits and the corporate tax
rate for interest-bearing corporatc deposits.
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and so cannot be used for making transactions. Reflecting this, yields on this
asset normally exceed those on other deposits, making the opportunity costs of
these other deposits positive. However, there were periods in our sample when
the returns offered on building society retail deposits and by banks and
building societies on corporate deposits were higher than those available from
local authorities, thus leading to negative weights. One simple solution to this
problem is arbitrarily to add a constant to the benchmark rate. A constant of
twO percentage points 1s necessary to obtain positive weights throughout. This
might be rationalised on the basis that local authority deposits have some
residual liquidity, or a lower risk premium reflected in relatively lower interest
rates.

Chart 1

Twelve-month growth rates of Divisia indices using
different benchmarks

—— 3-month local authority rate

- — — Maximum available rate Per cent
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It is recognised that the benchmark asset will not in general be the same asset
in each period since money holders will, in principle, select as their reference
asset the onc with the highest yield and this should be reflected in the
calculation of user costs. A number of recent compilers of Divisia indices have
adopted this approach and we have therefore constructed an alternative index
where the benchmark rate of return is the maximum rate of return from the
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three-month local authority rate and from the interest rates on the different
monetary assets within the index (see Chart 1).

A number of problems arise when using a maximum rate benchmark. In
particular, the benchmark asset should not provide transactions services, SO an
asset included as money in one period should not be used as the benchmark in
other periods.

(b) Rates of return

Chart 2

Twelve-month growth rates of Divisia indices using
different rates of return

Preferred raies of return
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Per cent
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Chart 2 shows two constructed Divisia indices employing different, but
arguably equally appropriate, interest rate series for corporate holdings of bank
interest-bearing sight deposits and persons’ bank interest-bearing time and
building society deposits. The solid line represents the index analysed further
in this paper, while the dashed line represents an index employing alternative
rates of return, as set out in Table 2.



Table 2:

Component

Bank interest-bearing
sight deposits

olw persons

corporales
Bank interest-bearing time
deposits

o/lw  persons

corporates

Building society deposits

o/w  persons

corporates

Preferred Divisia rates
of return

Average current account
rate offered by major
clearing banks on
deposits of £500

Overnight London
interbank deposit rate

Average personal
account rate offered by
major clearing banks

Three-month London
interbank deposit rate
minus 0.5%

Average savings account
rate offered by five
largest building
societies

Three-month London
interbank deposit rate
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Alternative rates of return for constructing Divisia

Alternative rates of return
(where different)

Base rate minus 3%

Average rate on seven-day
notice deposit accounts

Average building society
Share rate




The divergence between the two indices can be explained by changes in the
respective user costs and growth weights of their components. The interest rate
data for corporate sight and persons’ time bank deposits used in constructing
the prcferred index are higher than those utilised in the alternative index,
resulting in lower growth weights, but the retail building society rates are, on
occasion, lower than those in the alternative index. One such period was from
mid-1988 to 1991, with the largest differential emerging during 1989, which
explains, in part, the stronger twelve-month growth rate of the alternative index
during this period.

In addiuon to the question of the appropriate interest rates, there is the problem
noted earlier of whether the appropriate rates of return, and hence the user
costs, should take account of bank and building society charges. Each
characteristic of a bank or building society account should, in principle, be
assigned an implicit price. However, in the absence of adequate disaggregated
information it is impossible to calculate a Divisia index which reflects
accurately the impact of charges. Chart 3 plots a Divisia index where it is
assumed that interest rates on interest-bearing retail components are fully offset
by charges so that the rate of return is actually zero - in effect the user costs for

retail interest-bearing deposits are calculated as the benchmark rate. The result
is that the growth rate of the index is less trended and overall higher than the
original index over the period in question.




Chart 3

Twelve-month growth rates of Divisia and of
Divisia with charges offsetting rates of return

—— Divisia
- - - Divisia with charges offsectting rates of retum
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This increase in the annual growth rate is largely accounted for by the higher
weights calculated for retail bank and building society deposits. The respective
weights are morc stable than those calculated for the original index, one result
of which is that the strong growth from 1985 to mid-1986 is not fully
replicated in the alternative index.

A further problem occurs if there are substantial costs of portfolio adjustment,
or imperfect information regarding interest rates, as current user costs may then
no longer be equated with marginal transactions services and Divisia will not
provide an accurate measure of transactions services.

Various suggestions have been made to deal with this. One possible remedy is
to use lagged interest ratcs to recalculate user costs. These can then be thought
of as the perceived costs of holding monetary assets, or alternatively as the
effective prices for asset holders who are subject to adjustment costs. An
alternative is to use centred moving averages of user costs, on the argument
that if individuals do not adjust their portfolios continuously, then their
decisions will be based on present and expected values of this variable. The
resulting user costs will move more smoothly than those calculated only from
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current returns, with the result that the weights assigned to asset growth rates
will, other things being equal, also move more smoothly over time. It seems
plausible that notes and coin, non-interest-bearing deposits and corporate
deposits are subject Lo relatively low adjustment costs, but an index could
incorporate lagged or ‘smoothed’ user costs on interest-bearing retail deposits.

Chart 4

Smoothing techniques (twelve-maonth growth rates)
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These smoothing methods are rather ad hoc, but there 1s no way of determining
the ‘correct’ values of the smoothing parameters, so their choice is inevitably
arbitrary. As shown in Chart 4, such smoothing techniques make little
difference to the outcome - a conclusion reached by other studies.



Chart 5
Twelve-month growth rates of Divisia and fixed rate

Divisia
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Chart 5 shows a Divisia index constructed with fixed user costs (the dashed
line). The fixed user costs are the average user cost for each asset over the
sample period. The outcome is quite similar to the index calculated with
varying user costs and further supports the assertion that smoothing techniques
make little dilference.

6.2  The quarterly Divisia index

The twelve-month growth rate of the preferred quarterly Divisia index is
compared with the existing simple sum aggregates in Chart 6.
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Chart 6
Twelve-month growth rates of Divisia, M0, and M4
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The growth paths of Divisia and of the simple sum aggregates diverge quite
considerably. In the late 1970s both Divisia and MO appeared to grow at
almost identical rates. From 1980, however, MO growth rates were much
lower, whereas the growth of Divisia climbed to 12.5% by 1981 Q3, compared
with 5.5% for MO and 16.7% for M4. As would be expected given its
construction, growth rates of the Divisia index usually lie somewhere between
those of MO and M4.

Of particular interest is the pick-up in Divisia growth from 1985 Q2 until
1986 Q3, after which it remained strong until the end of 1988. From this point
until 1992 Q4, however, Divisia growth declined significantly, to below 3.0%.
Although M4 also exhibits a sharp deceleration in its growth from 1990, the
fall 1s not as severe.

In general, we would expect the behaviour of a broad money Divisia aggregate
to be more like that of a narrow simple sum aggregate than the corresponding
broad simple sum aggregate. This is because, as the general level of interest
rates rise, funds will be shifted to less liquid assets. More weight will therefore




be given to the more liquid, low yielding assets, whose growth rates would
have been reduced.

The interpretation of the divergences between Divisia and simple sum
aggregates may be helped by examining the time paths of the user costs of the
Divisia components (R-rl- after tax), their expenditure shares
(s;;=piM;, / Zp,M,) and the growth weights of Divisia aggregates
[1/2(51'1*51'[-1)]- The user costs are not themselves the growth weights, but are
the prices used with the quantities in calculating these weights, each weight

depending upon all prices and all quantities.
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Chart 7
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Chart 8

Expenditure Shares
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Chart9
Growth weights
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The growth weight of each component depends on its size relative to other
components of M4 and on its user cost. Consequently, currency and
non-interest-bearing deposits, a small fraction of total M4, receive the highest
weights because of their high user cost. Bank time deposits were, in the late
1970s/early 1980s, a relatively large component with a high user cost and
therefore received the next highest weight during that period. However, the
weight attributed to persons’ interest-bearing sight deposits increased
significantly from the mid to late 1980s, reflecting the relatively rapid growth
in the volume of such deposits. Building society deposits, though large in
volume, pay a relatively high rate of interest, and so attract a lower weight than
might be expected from the size of such deposits alone. Wholesale deposits,
represented by corporate holdings of bank time and building society deposits,
receive the lowest weight, reflecting both low user cost and relatively small
quantities.

The behaviour of these weights assists in explaining the divergent behaviour of
the Divisia and simple sum aggregates. Of particular interest is the period in
the second half of the 1980s when Divisia exhibited strong growth, on
occasion above that of the official aggregates. Throughout this period bank
interest-bearing sight deposits were growing rapidly, reflecting the introduction
of interest-bearing current accounts, and the growth weight of this component
of the index was increasing. Meanwhile, wholesale deposits were also
expanding strongly and this is reflected in a slight increase in their growth
weights.

Appendix E sets out the user costs and the growth weights of an alternauve
index using the maximum available rate as the benchmark. When compared
with Chart 9, the growth weights of interest-bearing deposits now appear more
volatile. One outcome of utilising such a benchmark is that interest rates for
monetary assets operate as the benchmark when they exceed the local authority
deposit rate, with the elfect that their respective user costs and growth weights
are zero. This is clearly illustrated in Appendix E with the retail building
society and corporate deposits periodically experiencing zero user costs and
growth weights when their respective rates took the role of the benchmark.
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Of particular interest is the collapse in the building society deposit growth
weight during 1986 and 1987. The [inancial services industry was extremely
competitive during this period and in order to attract new business the building
societics offered very.competitive rates. It should be recognised, however, that
the average deposit with the building societies did not earn this return; only
the marginal deposit. This provides a good illustration of one of the practical

difficulties with Divisia - a detailed breakdown of deposits and their respective
returns 1S not available.

The velocities of Divisia and its simple sum counterparts are shown in
Chart 10. Although declining for most of the 1980s, Divisia velocity appeared
to stabilise and then subsequently increased, albeit slowly, from 1988. Divisia
velocity has been more stable than that of M4 or MO.




Chart 10
Velocity of Divisia, M0 and M4
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Corresponding to the Divisia quantity index is a price index - the price dual.
The Divisia index of prices is obtained by cumulating over time a weighted
sum of the rates of change of the component prices, where the weights are the
current shares of the component assets in the total current expenditure on all
assets in the index:

InP,-InP, 1 =Zny(Inp; -lnp; 1) 3)
where: n;, = p;M;, | Zp;M;,

In our econometric work on Divisia we use the level of this price dual instead
of the level of nominal interest rates. The user cost formula used in this case 1s

that derived in Appendix B equation (B 11), dividing through by P, 10 obtain a
real price dual, Py

39




Chart 11

Price dual of Divisia
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Chart 11 plots the Divisia price dual and the base rate. As the price dual is
based on interest differentials it is not surprising that its historical behaviour
bears liltle resemblance to the level of the base rate.

6.3 Currency equivalent aggregate

The currency equivalent aggregate proposed by Rotemberg, Driscoll and
Poterba (op cit) takes the form:

CE = I M 4) 1




As with Rotemberg et al we calculate the aggregate with various centred
moving averages of user costs and an aggregate which uses fixed weights
corresponding to the sample average of user costs - the growth rates of which
are shown in Chart 12 below.
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Chart 12
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The second graph shows the annual growth rate of Divisia compared with the
currency equivalent aggregate. Because the currency equivalent aggregate’s
short-term fluctuations are sensitive to high frequency interest rate changes, its
annual growth rate, even with a nine-quarter centred moving average, exhibits
greater variation than that of Divisia.

6.4 Sectoral Divisia

In addition to an aggregated Divisia index, our data set allows us to investigate
the historical behaviour of corporate [encompassing both Industrial and
Commercial Companies (ICCs) and Other Financial Institutions (OFIs)] and
personal sector Divisia indices and their money demand behaviour. As with
our preferred aggregated index the sectoral indices are constructed with the
three-month local authority deposit rate operating as the benchmark.(11)

(11) A corporate index was also constructed utilising the three-month Treasury bill rate
opcrating as the benchmark - it made little difference to the resultant index.
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Chart 13

Twelve-month growth rates of aggregate Divisia,
personal sector Divisia and corporate sector Divisia
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Chart 13 plots the annual growth rate of the aggregate Divisia against the
personal and corporate sector Divisia. The historical behaviour of the personal
sector Divisia is similar to the aggregate index. This 1s not unexpected as
persons are dominant holders of M4 deposits. Corporate sector Divisia, on the
other hand, exhibits a more volatile growth path than the aggregate index. This
can be explained by both ICCs’ and OFIs’ relatively small, and somewhat
variable, holdings of M4 deposits.
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Chart 14

Twelve-month growth rates of personal sector Divisia,
inflation and domestic demand
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7 An econometric evaluation of Divisia

Chart 15

Twelve-month growth rates of Divisia, inflation and
nominal GDP
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Although no strong relationship is immediately apparent between Divisia and
nominal GDP, Divisia does appear to lead on a number of turning points (see
Chart 15): 1n 1977/78 Divisia money growth rose strongly and appeared to
lead the subscquent upturn seen in nominal GDP during 1979; and the strong
growth in Divisia seen over the period from mid-1985-88 is followed by the
upturn in GDP growth in 1986-89, with the subsequent deceleration in Divisia
growth replicated with a lag of a year by GDP. No such association, however,
1s apparent between Divisia and inflation.

For an economic variable to be useful as an indicator, it must be systematically
correlated with current or future movements in final objectives. To be useful
asan intermediate target it i1s also necessary to be able to account for its own
variation. We therelore evaluate Divisiaon two counts. First, we attempt to
establish stable econometric relationships for the behaviour of both the
aggregate and sectoral Divisia indices. Second, we investigate the
informational content of Divisia using bivariate causality tests.
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Since Divisia is constructed as a monetary aggregate based largely on
transactions services, it seems sensible to apply the theory of the transactions
demand for money. This approach was developed by Baumol (1952) and
Tobin (1956) for the case where cash flows were predictable, and was extended
by Miller and Orr (1966) to allow for uncerlainly.(12) Money is held by
economic agents as an inventory to facilitate disbursements out of an income
stream, but account is taken of its opportunity cost in terms of the interest
foregone. The general functional form used is multiplicative:

MIP = a YO RC (5)

where M is money, P the general price level, Y is real income (or transactions),
R is the nominal interest rate on an alternative asset and a,b and c are
parameters to be estimated. In the original inventory model, the parameter a is
the transactions cost of converting another asset into money, while the
elasticities b and c are given by the square root law: b=0.5 and ¢=-0.5. This
particular model may be 100 stringent in i1ts assumptions and it is normal
practice to satisfy the less restrictive conditions 0.5sb<1.0 and ¢s0.

Since some of the components of Divisia are interest-bearing we replace the
level of the nominal interest rate in the standard equation with a user cost
measure which is based on interest rate differentials. The measure used here 1s
the real price dual of Divisia.(13)

In estimation, real income i1s often replaced by expenditure or output as being
more closely related to the volume of transactions. The appropriate measure
will also differ across sectors. We have chosen to use total domestic demand

(12) For more recent surveys of the literature on the demand for money see Judd and
Scadding (1982).

(13) The level of the price dual weights together interest rate differentials and muluplies
by the general price level (see Appendix B, equation B11). To obtain the real price
dual we thercfore divide by the general price level.
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for the personal sector and GDP for the corporate sector, with their relevant
deflators as price indices. All data are seasonally adjusted and logged.

Equation (5) represents a static equilibrium relationship. In the short-run or
dynamic equilibrium we also allow holdings of Divisia to be affected by the
level of price inflation - in times of high inflation agents will tend to
economise on transactions balances even though the user cost is not directly
affected.

We proceed to estimate a log linear, dynamic version of equation (5) by the
following procedures. First we use the Johansen (1988) Full Information
Maximum Likelihood approach to ascertain the number and nature of the
long-run relationships between the variables in the data set. Where
appropriate, these long-run relationships are then used as the foundation of a
dynamic adjustment model, in which Divisia - and possibly the other variables
- are adjusting to disequilibria in Divisia balances. This estimation strategy is
compared with the results of estimating directly an error correction model
based on OLS - which can be viewed as a test of the restrictions imposed by

the Johansen procedure.

The data sample 1s restricted by the availability of the Divisia index to be
1977 Q1-92 Q4. Initial investigation shows that over this sample, aggregate
real Divisia (M/P, MPIP, MC/P for aggregate, personal and corporate),
domestic demand at constant prices (DD ), GDP and the price deflators (Pd.Pg
for demand and GDP) are all on the borderline between /(1) and /(2) processes,
while the user cost indices (p) are borderline /(0)//(1) (borderline in the sense
of conlflicting rcsults from different tests for non-stationarity and test values
close to the 5% significance level). Given the well-known small sample
problems of such tests we use our judgment to treat all the series as /(1). The
similarity of the time series properties holds out some hope of cointegration.
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7.1 The personal sector

For the personal sector an expenditure measure is most likely to represent
accurately the volume of transactions. After some experimentation with
consumption, we preferred total domestic demand as the scale variable.
Estimates of the long-run relationships are inconclusive - there could be
between zero and two cointegrating vectors according to the choice of test and
significance level (details of test statstics are reported in Appendix F). If there
are no cointegrating vectors then we will not be able to obtain a satisfactory
explanation for the level of Divisia. If there is more than one vector then we
may need to apply identification conditions to extract that combination which
is relevant to a behavioural model of the demand for Divisia balances. In this
instance the first vector is clearly suitable for a Divisia equation on theoretical
grounds and we feel able to ignore the possibility of a second, marginal

relationship.
Long-run relationship:
In(MPIP?) = 0.93 In(DD) - 0.22 In(p) (6)

Notes: 3 lags in the VAR, additional /(0) vanables Aln(Pd). Sample 1977 Q4-92 Q4. Tests of
elasticity on DD, Hyb=1 x2(1)=0.2; Hy:6=0.5 x3(1)=0.9.

Tests show that the activity elasticity could be imposed at either unity or one-
half (in which case the user cost elasticity varies between -0.18 and -0.50). We
proceed with the unrestricted estimate.




Dynamic relationship:

(a) Based on Johansen estimate of the long run:
Aln(MPIP9) = -0.49 + 021 Aln(MPIPY), | +0.32 Aln(DD,)
3.7 (2.0) (3.0)
-0.007 AAln(p,) - 0.49 Aln(P4))
(-1.2) (4.3)
-0.11 [In(MPIPQ) - 0.93 In(DD) + 0.22 In( )] (7)
(-3.7)

Notes: Rbar? = 0.58, DW = 2.1, se = 0.0080, 1978 Q1-92 Q4, LM(4) = 6.9, RESET(1) =0.5,
NORM(2) =0.7, HET(1) = 1.7, t-ratios in brackets.
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Chart 16

Personal sector Divisia: actual and fitted values from
equation 7
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Personal sector Divisia: residuals from equation 7
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The equation is parsimonious, reasonably stable under recursive estimation and
passes all mis-specification diagnostics at a S% probability value. The
equation explains 60% of the quarter-to-quarter variation in the dependent

variable and the residual standard error is 0.8%.

All variables enter
contemporancously although the user cost term becomes double-differenced




and has a 95% confidence interval which includes zero. Plots of actual and
fitted, and the estimated residuals are shown in Chart 16.

(b) Based on OLS:

Aln(MPIPY), = -0.59 + 0.22 Aln(MPIP?), | +0.33 Aln(DD)
(-12) (2.0 (2.8)

-0.007 AAln(p,) - 0.48 Aln(P4,)
(-1.0) (-3.6)

-0.12 {In(MPIP9), | - 0.96 In(DD,_1) + 0.20 In(p,_1)]
(-2.0) (6.8) (1.8) (8)

Notes: Rbar? = 0.56, DW =2.1, se =0.0082, 1978 Q1-92 Q4, LM(4)=7.1, RESET() = 0.6,
NORM(2) = 0.8, HET(1) = 1.8, t-rauos in brackets.

Direct estimation by OLS shows minimal differences - the long-run elasticity
on activity increases slightly and the overall fit worsens marginally (two fewer
degrees of freedom). A similar equation can be found if the long-run activity
elasticity is restricted to unity. The t-ratios reported on the long-run
coefficients are calculated so as to preserve valid inference on the /(1)
variables. Interestingly, these show that the long-run user cost term 1s
relauvely imprecisely estimated.

In summary, the dynamic and long-run equations for personal sector Divisia
both seem to work reasonably well, despite the relatively short sample
available. One possible cause for concern is the relative imprecision of the
user cost terms, although their coefficients are correctly signed and of
reasonable magnitude. The imprecision probably reflects the presence of
considerable noise in what is a relatively volatile series.
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7.2 The corporate sector

The corporate sector has proved much more difficult to model than the
personal sector. We might expect corporate transactions balances (at least for
industrial and commercial companies) to be held on account of production
costs (mostly wage and raw material costs but also land rents and the cost of
capital), which in turn are related to total output. Attempting to strip out
corporate income or expenditure from the national accounts is not
straightlorward, especially for financial institutions, and hence we choose GDP
as the acuivity variable.

The principal problem is a failure to find any sensible cointegrating
relationships. The (real) corporate Divisia index does not cointegrate with
output, but when the user cost is included it has the wrong sign and/or an
implausibly large coefficient [partly arising from the fact that the sectoral user
cost is probably /(0)]. The nature of the problem is illustrated graphically in
Chart 17 which reports the fitted value from regressing the (log) level of real
corporate Divisia on GDP alone (the elasticity is 2.3). The Chart shows that
GDP cannot account for the degree of variation in Divisia and the timing of
peaks and troughs is not close. When the user cost series is entered, it cannot
account for the remaining variation. Furthermore, the first difference (in logs)
of the corporate Divisia series has a standard deviation nearly four times as
large as the personal sector series, and its higher moments indicate severe non-
normality.




Chart 17
Regression of real corporate sector Divisia on GDP
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Disaggregating Industrial and Commercial Companies (ICCs) and Other
Financial Institutions (OFIs) might be expected to help. In practice neither of
the components is any more amenable to explanation. The extra degree of
variation in the corporate sector means that we cannot expect to hide the
problem by subsuming it within the total - hoping for the personal sector to
dominate. The best equation that we have found is based on an unrestricted
error correction model, with no user cost terms included and two ad hoc
dummy variables for 1983 (1, -1 in Q3, Q4) and 1986 (1, -1 in Q3, Q4).
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Dynamic equation (OLS):

Aln(MC/P8), = -2.55  +0.26 Aln(M®IP8), 4
(-2.2) (2.7)
+0.23 Aln(M€/P8), 5 - 0.7 Aln(P8)
(2.7) (-2.1)
-0.09 [In(MC/P8),_; -2.52 In(GDP), 1)
(-2.5) (-6.1)
(5.7) (4.0)

Notes: Rbar? = 0.59, DW =1.8, se =0.028, 1978 Q1-92 Q4, LM(4) =2.7, RESET(1) =17.1,
NORM(2) =0.8, HET(1) = 0.1, t-ratios in brackets.

The OLS estimation contradicts the Johansen results in that the error correction
term is significant - which implicitly indicates cointegration. Two dummy
variables need to be included but the equation still fails badly on the RESET
test for functional form (regression of the residuals on the square of the fitted
values: test value 7.1, 5% critical value 3.84). The equation standard error is
relatively high at 2.8%. Although over half of the quarterly variation is
explained, this drops to a quarter if the dummy variables are excluded. The
user cost terms, if entered, are incorrectly signed. Actual and fitted values are
shown in Chart 18.




Chart 18

Corporate sector Divisia: actual and fitted values from
equation 9
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Corporate sector Divisia: residuals from equation 9
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Why should it be so much more difficult to model corporate sector holdings of
Divisia? The corporate sector generally has wider access to capital markets
than the personal sector - in terms of both liabilities and assets. Assets which
might be regarded as illiquid by the personal sector - equities, government
stock, foreign currency balances - may be highly liquid to the corporate sector.
Hence the restriction of transactions balances to be a function of M4
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components alone is less likely to be valid. Alternatively, the corporate sector
may need to hold liquid assets for purposes other than transactions, or for
particular types of transaction. For example, large cash balances may be held
as a reserve to fight hostile takeover bids or to facilitate expansionary
acquisitions. This would help to account for a greater than unity output

elasticity.
7.3 Aggregate Divisia

As noted above, the difficulties in explaining corporate sector Divisia create
problems in modelling the aggregate. Nevertheless, it appears possible to
obtain a reasonable modcl of aggregate Divisia.

The personal sector is the largest component and, given the uncertainty over
the appropriate corporate sector activity variable, we use domestic demand as
the scale variable. The cointegration analysis gives slightly more conclusive
results than for the personal sector - either zero or one cointegrating vectors.
We use the following relationship:

In(MiP2) = 0.72 In(DD) - 0.52 in(p)

Notes: 4 lags in the V AR, additional /(0) variables A[n(Pd), Dgg, 1978 Q1-92 Q4. Tests of
elasticity on DD, Hy:b=1 x2(1)=0.5; Hy:b=0.5 x(1)=0.08.

The activity elasticity is lower and, somewhat surprisingly given the corporate
sector results, the user cost elasticity higher than for personal sector Divisia
alone. The dynamic equation is:

Aln(MiP4), = - 0.05 +0.18 Aln(MIPY), | + 0.39 Aln(DD,) - 0.64 Aln(P?))
(-3.0) (2.1) (3.6) (-5.2)

- 0.045 [(In(M/P9) - 0.72 In(DD) + 0.52 In( )],y + 0.02 Dgg
(-3.7) 3.0 (10

Notes: Rbar? = 0.68, DW = 1.9, sc = 0.0086, 1978 Q1-92 Q4, LM(4) = 2.2, RESET(1) = 0.2,
NORM(2) = 2.2, HET(1) = 1.2, t-ratios in brackets.




This equation differs from the personal sector equation in several ways. Most
important is that the error correction coefficient is half the magnitude (0.045
from 0.11). This reflects the growth in corporate Divisia, which is now being
treated as a disequilibrium phenomenon. At the same time the coefficient on
the lagged dependent variable term has fallen significantly and the mild serial
correlation has almost entirely disappeared. The dynamic user cost term i1s
small and incorrectly signed and has been omitted. The equation has a slightly
higher standard error but explains a higher fraction (two-thirds) of the quarterly

variation.( 14)

(14) An OLS based estimate of the error-correction model gives similar coefficient
estimates - but all the levels terms arc not well determined. This equation is not
reported.
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Chart 19

Aggregate Divisia: actual and fitted values from
equation 10

Actual

=~ = = Fitted

|5

0.05

0.04

-0.02

-0.03

1978 79 180 i8N 182" 88" (184, 185, WEG6I 487 4881 =B A9GOR HON TIGR2

Aggregate Divisia: residuals from equation 10
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On some diagnostics, and on the basis of the long-run user cost elasticity, this
equation is more attractive than the personal sector equation. Plots of actual
and fitted, and of residuals, are given in Chart 19. The equation is reasonably
stable and thus meets our first criterion for an intermediate target. But despite
this conclusion a standard error of 0.9% allows considerable scope for

unexplained variation on a quarter-to-quarter basis.
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7.4  Causality tests

To be useful as an indicator, Divisia should contain information on final policy
objectives. We evaluate the informational content by means of bivariate
autoregressions using the price level and (nominal) output as the objectives.
For prices we use the RPI excluding the effects of mortgage interest payments,
the community charge and indirect taxes. For output we use nominal GDP.

Tests such as these are weak - there is no behavioural content to the equation
specification and it is therefore quite likely that such simple autoregressions
are not stable over time. However, indicator variables do tend to be examined
in a bivariate context and the strength of such correlations is therefore of some
interest.

The tests are performed in two stages. First we attempt to establish an
unrestricted cointegrating vector using the Johansen approach. Second, we
estimate an unrestricted autoregression for the objective variable, specified in
the first difference of logs with five lags of the dependent variable and an equal
number of lags in the indicator variable, together with the cointegrating term at
lag one and an intercept. The tests are:

) the exclusion of the cointegrating term,

(II) the exclusion of lags in the indicator, conditional on excluding the
cointegrating term, and

(11T) the inclusion of a contemporaneous term in the indicator variable.

Test (I) establishes causality from the level of the indicator to that of the
objective. If the cointegrating term cannot be excluded, this test automatically
implies dynamic as well as levels effects - there is no need to test additionally
for short-run causality. Test (I1) is the traditional causality test based on a
differenced equation - which is valid only if the cointegrating term is
insignificant. This test turns out to be largely superfluous but we report the
results to demonstrate that incorrect omission of the levels terms could alter the
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conclusions. Test (II1) establishes contemporaneous correlation, but the
causality here could run in either direction.

The behavioural equations have alrcady demonstrated causality from inflation
and activity to Divisia. We do not need to test this further. Unfortunately we
cannot specify a simple behavioural equation for domestic demand or GDP
which would include monetary aggregates. Instead the causality tests can be

thought of as a partial reduced form approach.

The tests are performed with some additional variables to ensure that the
autoregressions represent data consistent models. For GDP we included a
(1,-1) dummy for 1979 Q1 and Q2 to account for a road haulage dispute which
caused a switch in recorded net trade. For prices we include three quarterly
dummies because the RPI is not seasonally adjusted and contains mild
seasonality (much of which is removed because we strip out the effects of
indirect taxes which arc uprated in the budget quarter). These additional
variables were included as additional /(0) terms in the Johansen procedure as

appropriate.

The regressions are all based on the same sample 1978 Q4-92 Q4 (the exact
test values are very sample specific but the qualitative nature of the results
should be more robust). Both Chi-square (asymptotic) and F tests (small
sample) are reported. Degrees of freedom for the tests are as shown in
brackets. Rejection of the null hypothesis of no causality at 5% is indicated in
Table 3by §.

Similar tests are performed for aggregate Divisia, its personal and corporate
components, and for M4, M4 lending and MO. The results are reasonably
encouraging. Although the strength of the cointegration tests vary, they are
sufficient to conclude that there is a cointegrating relation in each case. There
is causality in levels for each of the monetary aggregates to both GDP and
prices, with the exception that MO does not appear to cause nominal GDP. The
levels term i1s also correctly signed (negative) in every case. There is a general
lack of contemporaneous correlation - again with the sole exception of MO and
nominal GDP (but causality here could run in either direction). If (incorrectly)
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the levels effects were to be ignored then it would be much less clear whether
there was indeed any causality from the money aggregates to either GDP or
prices. Of the small sample F tests only MO-Prices is significant for test (II).

On these grounds there appears to be useful information in all the monetary
aggregates considered. MO is possibly the most useful forward indicator in this
statistical sense for retail prices and as a contemporaneous indicator of GDP.
At the same time MO does not seem to contain much longer-term information
on nominal GDP. Divisia, particularly the personal sector index, appears to be
shghtly more robust across the different tests and different objective variables.
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Table 3: Causality test results

Causality from Divisia (personal sector)

~GDP ~Prices
InNGDP = 0.85 InDP InP = 0.36 InDP
x2 F 2 F
§16.1 (1] §14.4 [1,44] §11.0 (1] §8.9 [1,43]
§11.3 (5] 2.0 [5,45) §12.9 (5] 2.2 (5,43]
12(1] 0.9 (1,43] 0.0 (1] 0.0 (1,41]
Causality from Divisia (corporate sector)
-GDP ~Prices
IRNGDP = 0.51 InD¢ InP = 0.38 InD®
x* F 2 F
§6.6 [1] §5.4 [1,44] 20.2 (1] 17.8 [1,43]
52(5] 0.9 [5,45] 3.0 (5] 0.5 (5.43)
0.1[1] 0.1 (1,43] 0.0 (1] 0.0 [1,41]
Causality from Divisia (aggregate)
~GDP ~Prices
InNGDP = 0.79 inD InP =041 InD
x* F ‘ F
§11.2 (1] §9.6 [1.44] §16.9 (1] §14.5(1,42]
8.6 (5] 1.5 [5,45] §12.0 (5] 2401(5:48}
1.8 (1] 1.4 [1,43] 0.1 (1] 0.1(1,41]
Causality from M4
~-GDP -Prices
InNGDP = 0.62 InM4 InP =0.41 InM4
x? & 2 F
§16.9 (1] §15.2 [1,44] §19.7 (1] §17.4[1,42)
2415 0.4 [5,45] 8.6 (5] 1.4 [5,43]
3.311) 2.6 [1,43] 0.0(1] 0.0 (1,41]
Causality from M4 lending
-GDP -Prices
InNGDP = 0.48 InM4L InP =0.29 InM4L
. F 2 F
§18.1(1] §16.4 [1,44] §15.8 [1] §13.4[1,42)
§12.6 [5] 2.2 [5.45) 2.8 (5] 0.4 (5,43]
0.0 (1] 0.0[1.43] 2.2 (1] 1.6 [1,41]
Causality from M0
-GDP ~Prices
IWNGDP = 1.7 InMO [nP = 1.02 InMO
)(é e 2 /A
0.4 (1] 0.3 [1,44] §7.0 [1] §5.5(1,42)
11.0 [5) 1.9 [5.45] §21.4 (5] §3.9[5.43]
§7.5(1] §6.1[1,43] 0.1[1] 0.1(1,41]
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8 Conclusion

In principle, a Divisia measure of money has considerable attractions as a
measure of transactions services, weighting each type of deposit according to
the transactions services it offers. Such a measure might have a closer
relationship with total expenditure in the economy than do the conventional
monetary aggregates. This, however, does not imply that Divisia will
necessarily be useful in predicting inflation. If monetary aggregates are
generally not good leading indicators then Divisia may also be disappointing in
this respect.

As discussed 1n this paper, there are both theoretical and practical difficulties in
constructing an index which measures the transactions services provided by
different types of monetary asset. It would, however, be wrong to conclude
from this that a Divisia index would be inferior to the conventional monetary
aggregates. First, these theoretical and practical difficulties may not be severe;
and second, some of these difficulties apply at least equally to the conventional
monetary aggregates. So even a Divisia index which captures transactions
services only imperfectly may nevertheless provide a better measure of money
than other monetary aggregates.

This paper has presented a Divisia index for the United Kingdom and has
illustrated the impact of alternative - and possibly no less valid - solutions to
some of the practical and theoretical difficulties which arise in the construction
of such an index. It s difficult to judge the significance of the differences
among the various indices which are presented, but it may be observed that
these differences are much smaller than the differences between the path of a
Divisia index and the path of any of the conventional monetary aggregates.

A Divisia measure of money appears to have some leading indicator properties
for predicting both nominal output and inflation. These results do not suggest
that Divisia is unambiguously superior to other monetary aggregates as a
leading indicator, although a case can clearly be made for including Divisia in
the range of indicators analysed by the authorities when forming their
judgments on monetary conditions.
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Appendix A - Linear homogeneity

When the aggregator function is linearly homogeneous the Divisia index will
exactly reflect the growth of transactions (or, more generally, monetary)
services in the economy. 1n this appendix, we first show how the Divisia index
is derived from the transactions services function, and then consider the
divergence between transactions services and the Divisia index when linear
homogeneity is relaxed.

Consider a simple case of only two monetary assets, cash (C) and one interest
bearing asset (/). Transactions services M will be a function of holdings of
these two assels.

M =fC.1I) (A1)

Differentiating (A1) and dividing by M yields

M aM dac ar (A2)

where f,. and f are the partial derivative of f with respect to C and /.

Multplying the first term in (A2) by C/C and the second term by //I gives
M o c - ada (A3)

Euler’s Law states that if f is linearly homogeneous then,
f(7 (‘+/’,I:ﬁC,I}=M (Ad)

Substituting the expression for M from (A4) in (A3) yields
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In equilibrium consumers will equate their marginal utilities to the prices of
assets, such that the marginal rate of substitution between any two assets will
equal the ratio of the prices of the two assets, iefC/fl = PC/P/, where P. and Py
are the user costs as derived in Appendix B. Substituting these prices in place

of the partial derivatives yields

M G I
= S 11 g (A6)
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In continuous time M/M = D/D where D is the Divisia measure. The formula
for the Divisia index in the text [equation (1)] is the discrete time

approximation.

Suppose now the transactions services function is given by

M =f(aC, BI) (A7)




where « and § are time varying parameters reflecting the transactions
technology (eg ATMs, direct debit facilities, etc) which are not fully reflected
in the own rates of return used to derive user COSts.

Following the same procedure outlined above, it can be shown that

(A8)

The last two terms in (A8) capture the extent of the departure of the Divisia
measure from the ‘true’ growth of transactions services in the economy. In
order to measure this divergence, some functional form for the payments
technology (ie & and B) has to be specified and estimated.



Appendix B - Derivation of user cost

In order to derive the user cost of a monetary asset, one can begin with the
analogouS case for a durable good. Denoting the one period rental price of a

durable good as P, its current price as P, and the depreciation rate as §,,, the

R
user cost 1s given by

*
(ls= 8 L) 3P %
g

R - p 2 t+1 (Bl)

Il Jalis

(1+Rt)

In equation (B1), P*(i)+1 is the expected resale price in the next period and R,
is the one period nominal rate of return on bonds which do not provide any
transactions services. P, can be thought of as the holding period return from ¢

toc+1.

For the user costs of monetary assets we consider first the case when there is
: ; *e . . g 3

no inflauon (P .| = P,,). In general P, can be considered as the price index

of goods and services, instead of durable goods only.

The real value of an individual’s cash holdings (C) is then equal to C /P ,.
Measuring the cost of holding cash in terms of real goods, the user cost of
cash, by analogy to (B1), is given by

P
nt

p = p = (B2)
Gt nt

1+R
t

where it 1s assumed that §,, = 0. P, is the rental price for non-interest-bearing
monetary assets. For an interest-bearing asset M;, the own rate of return would
be included, such that
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where Tit 1s the return on asset :.

When inflation is positive the nominal quantity of cash will be the same next

period, but the real value will be lower, given by C/P:‘fﬂ. The depreciation

rate of real balances 8, can be solved from

Ct Ct
*e P
P Imie
me +1
*
& i+1 " Pnt
5 = " ‘ (BS)
= s
P
nt+1l

The user cost of non-interest-bearing money is:

ol =
efus
P =P - o (B6)

Eite it

(1+Rt)

Substituting (B3) in (B6) yields the user cost of cash as




This is identical to (B2), which is the user cost of cash in the absence of

inflation.

For an interest-bearing asset M, the depreciation rate of real balances can be
solved in a similar manner, but taking account of interest earnings. Therefore,

V(e ) M.

3l 1t IhE
P*e P
I G

Jale

which implies,

Pnt+l Pnt(l+rit)
§ = (BY)

ok it
Substituting (B9) in (B8) gives the user cost of interest-bearing asset M; as

P (l+r,t)
s (B10)

s Il

(1+Rt)

which is again identical to (B3), the user cost in the absence of inflation.

Re-arranging (B10), yields

P n (Rt— r,t)
iy e & (B11)

L

(1+Rt)

This simplifies to R, - r;, as shown in equauon (2) in the text when calculating
the Divisia weights s;,. That inflation does not appear (o affect the user cost of
money may appear surprising. This is because we have assumed R, is
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constant. When R, moves with inflation, the price (user cost) of real goods will

fall relative to the price of money.




Appendix C - Data utilised in the construction of Divisia
indices

Notes and coin - published level data non-seasonally adjusted (nsa).

Non-interest-bearing bank deposits - ICCs’ holdings provided by the Bank’s
Financial Statistics Division. This series was then subtracted from the known
total with the residual divided between Persons and OFIs on an estimated

basis.

Interest-bearing sight bank deposits - ICCs’ holdings provided by the Bank’s
Financial Statistics Division. This series was then subtracted from the known
total with the residual divided between Persons and OFIs on an estimated

basis.

Interest-bearing time bank deposits - break-adjusted sectoral flow data (nsa)
provided by the Bank’s Financial Statistics Division which are subsequently
calculated to levels. Building society holdings of bank certificates of deposit
and of bank deposits were deducted from OFIs’ holdings of bank time
deposits.

Building socicety deposits - break-adjusted sectoral flow data (nsa) provided by
the Bank’s Financial Statistics Division which are subsequently calculated to
levels.

TESSAs(13) . persons’ bank time and building society retail deposits are
adjusted for the introduction of TESSAs by subtracting the published levels of
TESSAs (nsa) from the components. This 1s a reasonable calculation to make
as TESSAs are not held for transactions purposes and as such should not be
incorporated in the Divisia indices.

(15) Tax Exempt Special Savings Accounts.

71




Our indices are adjusted statistically for Abbey National’s flotation in 1989 by
incorporating the relevant break-adjusted flow data for bank sight and time
deposits and building society deposits.

Bank current account (gross rate) - up to 1984 the series is a rate provided by a
single bank which offered interest-bearing sight deposits. Thereafter, it 1s an
average of the rates offered by the major clearing banks on deposits of £500.

Clearing banks interest-bearing personal account (gross rate) - pre-1984
series is interest payable on seven-day notice deposit accounts with the clearing
banks; thereafter it is an average of the rates payable on two or more similar
accounts with tiered interest rates according to the size of balance held. We
take the rate payable on the median tier at any one time (currently £10,000; it
has risen over time).

Building society deposit (gross rate) - pre-1984 series utilises the average
building socicty share rate, as published by the Building Societies Commission
(this provides a net figure; the gross rate is derived by including the composite
tax rate). Thereafter it is an average of the savings account gross rates offered
by the largest five building societies.

London interbank overnight deposit rate - observed rate at about 10.30am; as
published in Financial Statistics.

London interbank three-month deposit rate - as published in Financial
Staustics.

Benchmark rate - the index uses the three-month local authority deposit rate as
the benchmark rate (as published in Financial Statistics).

All interest rates are average rates over the quarter.




Appendix D - Components of Divisia

Components of Divisia (levels, ua)
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Appendix E - User costs and growth weights with maximum
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Appendix F - Johansen tests for cointegration

(i) Personal sector

3 lags in the VAR, 1977 Q4-92 Q4. Additional /(0) variables: AlnP4
(r = number of cointegrating vectors)

Possible Cointegrating Vectors

I I 11
In (MP1P9, -1.00 -1.00 -1.00
In D 0.93 1.26 0.56
In P -0.22 -0.0017 1.22

(a) Maximal eigenvalue test

Null Alternative Test Critical
Statistic Values
(95%, 90 %)
r=0 r=1 20.2 (21.0, 18.6)
rsi r=2 1723 (14.1, 12.1)
rs2 r=3 5.0 (3.8, o)

Result: At 95% one can accept the null of no cointegrating vectors. At 90%
one can accept 3 - but the non-stationarity of the data imposes a maximum of
2

(b) Trace test

Null Alternative Test Critical
Statistic Values
(95%, 90 %)
r=0 rel 38.0 29 7-"26.8)
ral =2 LT (154, 13.3)
rs?2 F=3 5.0 (3.8, 2.3

Result: At 95% one can accept 3 cointegrating vectors - although there is an
implicit maximum of 2.

Overall conclusion: One sensible cointegrating vector. Possibly a second
which can be ignored as weak.
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(i)

Corporate sector
4 lags in the VAR, 1978 Q1-92 Q4. Additional /(0) variables, Dgg, AlnPS.
(r = number of cointegrating vectors)

Possible Cointegrating Vectors

I 11 111

In (MC/P8) -1.00 -1.00 -1.00
In GDP 342 1.83 3.94
In p¢ 6.43 -0.31 0.66
(a) Maximal eigenvalue test
Null Alternative Test Critical

Statistic Values

(95%,90%)

r=0 rek 19.2 (21.0, 18.6)
rsi red ) (14.1, 12.1)
rs?2 r=3 x5 (3.8, 2.7)

Result: At 95% one can accept the null of no cointegrating vectors. At 90%
there may be one.

(b) Trace test

Null Alternative Test Critical
Statistics Values
(95%, 90 %)
r=0 | 28.0 (29.7, 26.8)
rsl =2 8.8 (154, 13.5)
rs2 r=3 3.5 (3.8, 2.7)

Result: At 95% one can accept the null of no cointegrating vectors. At 90%
there may be one.

Overall conclusion: No cointegrating vectors.




(i)  Aggregate index
4 lags in the VAR, 1978 Q1-92 Q4, Additional /(0) variable: aAlnP?, D86.
(r = number of cointegrating vectors)

Possible cointegrating vectors

I Il I
In (MiP9) -1.00 -1.00 -1.00
InD 0.72 141 1.51
In p 0.52 0.34 -0.22

(a) Maximal eigenvalue test

Null Alternative Test Critical
Statistic Values
(95%, 90 %)
r=() r=l 19.6 (21.0, 18.6)
rsl &2 12.0 (14.1, 12.1)
r<2 = 34 (3.8, 2.7)

Result: At 90% one can accept a single cointegrating vector, at 95% no
cointegrating vectors.

(b) Trace test

Null Alternative Test Critical
Statistic Values
(95%, 90 %)
r=0 =4 35.0 (29.7, 26.8)
rsi =2 154 (15.4, 13.3)
rs2 ey 3.4 (3.8, 2.7)

Result: At 95% one can accept a single cointegrating vector, at 90% one can
accept two cointegrating vectors.

Overall conclusion: one cointegrating vector.

79




References

Barnett, W A (1978), "The User Cost of Money", Economics Letters (1), pp
145-9.

Barnett, W A (1980), "Economic Monetary Aggregation: An Application of
Aggregation and Index Number Theory", Journal of Econometrics, 14,
pp 11-48

Barnett, W A, Fisher, D and Serletis, A (1992), "Consumer Theory and the
Demand for Money", Journal of Economic Literature Vol XXX (December)
pp 2086-2119

Barnett, W A, Offenbacher E K and Spindt, P A (1984), "The New Divisia
Aggregates,” Journal of Political Economy 92(6)

Barnett, W A (1990), "Developments in Monetary Aggregation Theory",
Journal of Policy Modelling 12(2), pp 205-257.

Batchelor, R A (1988a), "The Monetary Services Index", Economic Affairs
8(5).

Batchelor, R A (1988b), "The Monetary Services Index as a Monetary
Target," City University Business School Economic Review 6(1).

Baumol, W ] (1952), "The Transactions Demand for Cash: An Inventory
Theoretic Approach”, Quarterly Journal of Economics, 66 (November)

Belongia, M T and Chalfont, J A (1989), "The Changing Empirical
Definition of Money: Some estimates from a model of the demand for money
substitutes”, Journal of Political Economy (April) pp 387-97

Belongia, M T and Chrystal K A (1991), "An Admissable Monetary
Aggregate for the UK", The Review of Economics and Statistics 73 pp 497-503

Chetty, V K (1969), "On Measuring the Nearness of Near-Moneys", American
Economic Review, 5. pp 270-81

Diewert, W E (1976), "Exact and Superlative Index Numbers", Journal of
Econometrics, 4. pp 115-145




Donovan, D J (1978), "Modelling the Demand for Liquid Assets: An
Application to Canada", IMF Staff Papers 25. pp 676-704

Ford, J L, Peng, W S and Mullineux, A W (1992) "Financial Innovation and
Divisia Monetary Aggregates”, Oxford Bulletin of Economics and Statistics, 54
(1) (February)

Hulten, C R (1973), "Divisia Index Numbers", Econometrica,41. pp 1017-25

Johansen, S (1988), "Statistical Analysis of Cointegrating Vectors", Journal
of Economic Dynamics and Control, 12 (2/3) pp 231-54

Judd, J and Scadding, T (1982), "The Search for a Stable Money Demand
Function",Journal of Economic Literature, Vol 20 (September), pp 993-1023

Kiyotaki, I N and Wright, R (1989), "On Money as a Medium of Exchange”,
Journal of Political Economy (August); pp 927 - 54

Kiyotaki, I N and Wright, R (1991) "A Contribution to the Pure Theory of
Money", Journal of Economic Theory 53 (April); pp 215-35

Koenig, E F and Fomby, T B (1990), "A New Monetary Aggregate", Federal
Reserve Bank of Dallas Economic Review (May). pp 1-15

Miller, M H and Orr, D (1966), "A Model of the Demand for Money by
Firms", Quarterly Journal of Economics, 80(3) (August)

Rotemberg, J J, Driscoll, J C and Poterba, J M (1991) "Money, Output and
Prices: Evidence from a New Monetary Aggregate”", NBER Working Paper
No 3824

Spencer, P D (1989), "Monetary Policy in the 1980s", Shearson Lehman
Hutton.

Spencer, P D (1992), "UK Monetary Aggregates: In Search of a Better
Yardstick", Kleinwort Benson Research - UK Economic Study, October

Tobin, J (1956), "The Interest-Elasticity of the Transactions Demand for
Cash", Review of Economics and Statistics, 38, August pp 241-247

Varian, H R (1982), "The Nonparametric Approach to Demand Analysis",
Econometrica, pp 945-74

81




Bank of England Working Paper Series

Publication date in italics

1 Real interest parity, dynamic convergence and the

European Monetary System (June 1992)

2 Testing real interest parity in the European Monetary

System (July 1992)

3 Output, productivity and extermalities—the case of

banking (August 1992)

4 Testing for short-termism in the UK stock market

(October 1992)

5 Financial deregulation and household saving

(October 1992)

6 An investigation of the effect of funding on the
slope of the yield curve (January 1993)

7 A simple model of money, credit and aggregate

demand (April 1993)

8 Bank credit risk (April 1993)

9 Divisia Indices for Money: An Appraisal of
Theory and Practice (May 1993)

Printed by the

PRINT & COPY SHOP

Andrew G Haldane
Mahmood Pradhan

Andrew G Haldane
Mahmood Pradhan

R J Colwell
E P Davis

David Miles

Tamim Bayoumi

D M Egginton
S G Hall

Spencer Dale
Andrew G Haldane

E P Davis
Paul Fisher

Suzanne Hudson
Mahmood Pradhan




