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INTRODUCTION (*)

Traditionally, central banks have studied the properties of the money
demand function in their economies because the stability of this relations-
hip was a fundamental requirement for influencing nominal expenditure
through control of the money supply.

In the European Community (EC) and, specifically, in the Exchange
Rate Mechanism of the European Monetary System (EMS), the capacity
of national economic authorities to pursue an independent monetary po-
licy based on control of the domestic money supply has been severely li-
mited by increased efforts by most member states in recent years to en-
sure the stability of their exchange parities (the last general realignment
in the EMS was in January 1987) and by liberalization of capital move-
ments in the run-up to the European Single Market. The German Federal
Republic has, however, been a significant exception since, in its role of
provider of monetary discipline in the EMS, it has been pursuing a strin-
gent policy of monetary control aimed at safeguarding the domestic stabi-
lity of the German economy.

As progress is made towards European Monetary Union (EMU),
these already reduced limits on regulation of demand by monetary mea-
sures will gradually narrow further, until national sovereignty in the area
of monetary policy is fully transferred to the European System of Central
Banks towards the end of the decade.

Against this background, the virtuality of studies of the demand for
money and their usefulness in a country, such as Spain, immersed in the
move to EMU could be questioned.

In response, it would be useful to establish certain premises. First,
without denying the value of exchange stability as a mechanism of mone-

(*) We are grateful to José Antonio Cuenca and Marta Manrique for their work on the
preparation of the basic statistics used in this paper and the comments of J. J. Dolado,
F. Gutiérrez, J. L. Malo de Molina, J. Pérez and J. L. Vega.



tary discipline, the exchange rate is not a sufficient nominal anchor in an
economy as big and open as Spain’s.

Second, the EC economies are immersed in a process of nominal
convergence under the “Maastricht agreements”, and considering the dif-
ferent starting position of each country regarding the scale of its macroe-
conomic disequilibria, some including Spain will have to make maximum
use of the headroom available to them to apply monetary and fiscal poli-
cies that are tighter than the EC average. Here, the behaviour of mone-
tary aggregates can be useful in evaluating the effects of the varying de-
grees of monetary control adopted by Community members. Moreover, in
the run-up to economic and monetary union, the role of monetary aggre-
gates will be further strengthened if a strategy of harmonized targets for
money supply is established by the Community states. This strategy
would help to replace the existing asymmetry when setting the tone of
monetary policy for the region as a whole and serve as a transition to a
system based on control of the aggregate money supply of the monetary
union in the final stage of the move towards EMU.

Moreover, the slow adjustment processes of the economy mean that,
the impacts of shocks on prices and income are felt only after a signifi-
cant time lag. For this reason, direct observation of trends in price levels
or nominal expenditure often does not reveal excess liquidity in the mon-
ey market, the reflection of which in terms of higher inflation rates comes
about at some delay. Hence, it is necessary to identify at the earliest pos-
sible stage the incipient presence of inflationary tensions of a monetary
nature. To do this, growth rates in the money supply have to relate to re-
ference paths coherent with the desired expansion in prices and income.

This process is the normal strategy for setting targets in terms of a
monetary aggregate, and the money demand functions, in so far as they
reliably represent the relationship between liquidity and nominal expendi-
ture, can be very useful in anticipating inflationary tensions, if the informa-
tion they provide is correctly used. In any event, it is not worthwhile mak-
ing an excessively mechanical reading of this process. The relationship
between money and prices, extracted from the demand functions, has a
long-run nature; at the same time, short-term temporary financial distur-
bances can have an intense effect on the money supply. The possibility
of distinguishing these short-term phenomena from persistent and poten-
tially inflationary excess liquidity is somewhat uncertain, particularly if
short-term diagnoses are to be made.

The use of demand for money as a reference for setting growth tar-
gets for the money supply and for monetary targeting has long been tra-
ditional in the Banco de Espafia. The fact that the exchange rate cons-
traint now in place can limit capacity for response by monetary authorities
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to deviations by monetary aggregates from growth targets, does not inva-
lidate the informativeness of these deviations; in any event, they serve as
warnings of undesirable economic situations and/or of an unsuitable eco-
nomic policy mix which could require, in the absence of monetary instru-
ments, alternative tools for regulating domestic demand.

However, the possibility of basing monetary policy programming on
the relationship between money and the final variables underlying the de-
mand functions has not been free from difficulty in most of the countries
where monetary conduct has depended on control of some liquidity ag-
gregate, and Spain has been no exception. These difficulties, caused
mainly by the recent processes of innovation and deregulation in national
financial systems, have been reflected in changes in the composition of
the monetary aggregates subject to control. Central banks have made
these changes to adapt the definitions to changing financial conditions,
and in an effort to improve the specification and methods of estimation of
money demand functions whose properties had deteriorated.

After two decades of more or less active use of monetary policy, the
confidence in the stability of demand for money prevailing at the outset of
the seventies began to dwindle as financial innovation and deregulation
began to gain hold, giving rise to a somewhat controversial situation (1).
This situation was due to symptoms of instability displayed by the equa-
tions estimated in the seventies and which some saw as a clear indica-
tion that monetary policy could no longer be based on the control of a
monetary aggregate.Countering this, other authors countended that the
instability detected in the demand equations was attributable to pheno-
mena that had altered the economic conditions underpinning agents’ de-
cisions (institutional changes, liberalization of the financial system, finan-
cial innovation, etc.) and that had not been taken into account when the
money demand equations were specified. In this case, the symptoms of
structural change detected would but be the consequence of having omit-
ted relevant variables.

Lastly, recent opinion is that the signs of instability displayed by the
money demand equations were largely the result of an incorrect statistical
specification. This line is espoused by many of the works of the London
School of Economics (LSD) based on methodological propositions (2)
and of Professors D.F.Hendry and J.F.Richard. This methodology is clo-
sely connected to the theory of cointegrated variables and the specifica-
tion of error correction mechanism (ECM) models, which have also ad-

(1) Many of the arguments in this controversy were set out in Judd & Scadding (1982)
and, more recently, in Goldfeld & Sichel (1990).

(2) The seminal work on demand for money applying this methodology is by Hendry
& Mizon (1978).



vanced the idea that long-run stability of the demand for money can be
identified when suitable statistical techniques are used.

The results of the demand for money equations, which in general are
obtained by applying cointegration techniques and error correction mo-
dels, fall within the paradigm of monetary disequilibrium and a concept of
money as a buffer stock (for example, see the works of Laidler (1984 and
1987), Knoester (1984) and Goodhart (1984) (3). This approach is based
on a very elaborate monetarist concept of monetary transmission mecha-
nisms, which harmonizes the existence of a long-run money demand re-
lationship with the persistence for lengthy periods of deviations in the
trend of nominal balances with respect to the path marked by that rela-
tionship.

These empirical approaches to demand for money as a behavioural
relationship, essentially confirmed in the long term, have helped to dis-
card the idea of short-term demand for money as an instrument for gui-
ding day-to-day monetary policy decisions. The idea was also weakened
during the eighties by the general acceptance of the concept that, in the
short term, central banks should concentrate on stable interest and ex-
change rates and that the re-directing of the growth of the money supply
to the desired rates makes sense as a medium-term objective.

In Spain, empirical works on the subject have tended to follow a pat-
tern similar to that described in the preceding paragraphs. The early stu-
dies (Rojo and Pérez (1977), Dolado (1982,1983)) showed a stable rela-
tionship between the money supply and its explicative variables: income,
prices and interest rates. Later, the works of Dolado (1985) and Maule6n
(1987) tried to distinguish between real shifts in the demand function and
phenomena associated with liberalization and financial innovation which
have been causing shifts of private portfolios, but which can be readily
explained if changes in the relative return on financial assets are accura-
tely introduced.

Dolado (1988) and Dolado and Escriva (1991) put forward the hypot-
hesis that liberalization and innovation in the Spanish financial system
have not changed the long-term stable relationship between money
supply, income, prices and interest rates, though they have caused some
instability in the short-term dynamic. This is clear in the case of ALP (pri-

(3) Surprisingly, the connection between the ECM estimate of money demand equa-
tions and the buffer-stock monetary disequilibrium approach is not usually established in the
literature on demand for money - an exception is Goodhart (1989) - and, in fact, empirical
testing of buffer-stock monetary theories often inclines towards the application of approa-
ches, such as “rational expectations”, far from the basic principles of the theory. Cuthbert-
son and Taylor (1986), Davidson (1986) and Milbourne (1988) provide an overview of em-
pirical approximations to the buffer-stock monetary approach.
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vate-sector liquidity), but less so for some of the narrower re-definitions of
ALP (Dolado and Escriva (1991)). The latter work considers new econo-
metric procedures, such as cointegration techniques and analysis of inte-
grated variables, to be extremely useful in identifying long-run relations-
hips in the demand for money and their degree of stability.

Lastly, the evolution of the European Community into a single finan-
cial space and the gradual reduction in exchange risk has reawakened
discussion in member states on the reliability of money demand relations-
hips. Several arguments have been put forward in favour of the inevitabi-
lity, in the move towards economic and monetary union, of a significant
deterioration in the relationship between monetary aggregates and the le-
vel of prices evaluated at national level, and a considerable increase in
the instability of the related demand functions (4).

Some of the reasons used by advocates of this thesis involve simply
shifting to EC level the factors of instability underlying the national pro-
cesses of financial innovation. Even so, though these processes have
distorted the course of the aggregates, they have generated, in most
countries, temporary disturbances which have not caused a significant
deterioration in the long-run relationship of the monetary aggregates to
the final variables (5).

Greater importance should be given to arguments based on the dete-
rioration of the informativeness of monetary aggregates as a result of in-
tensified cross-border operations. The conditions created by full liberali-
zation of capital movements and increased confidence in the stability of
exchange rates may generate processes of currency substitution and re-
location abroad of deposits. Aside from the statistical problems involved
in accurately defining monetary aggregates in this new setting, the new
conditions tend to create instability in underlying behavioural
relationships (6).

However, were a generalisation of cross-border transactions leading
to an appreciable loss in the informativeness of the monetary aggregates
to be confirmed, the correct procedure would be to improve information
on such transactions. Hence, by incorporating liabilities issued by non-re-
sident financial institutions to resident non-bank private agents into the
definition of the aggregates, shifts in liquid-asset portfolios denominated

(4) Giovannini (1991) makes a radical defence of this position.

(5) The test research includes: Angeloni and Giucca (1991), who defend this same
point of view and provide evidence for the cases of Germany, France and lItaly; and Deuts-
che Bundesbank (1992), which presents results on the reliability of the relationship of the
final variables to M3 for the German case. The results given in Artis (1992) for a broad
group of countries point in the same direction.

(6) See, for example, Woodford (1990).
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in different currencies or the delocalisation of national-currency-denomi-
nated deposits would be neutralised within the aggregate thus defined.

In response to the problems created by the prospect of a single finan-
cial space, the approach of the Committee of EC Central Bank Governors
to cross-border operations has been to harmonize monetary aggregates
at Community level along the lines indicated in the preceding paragraph.
The Committee has decided to emphasize monetary targets in terms of
the growth rates of money supply in the “ex-ante” coordination and “ex-
post” evaluation exercises of member-state monetary policies. This requi-
res harmonization of the definitions of liquidity used in EC member states
and their adaptation to the new financial situation of the single market
and the process of monetary union. The work on redefining monetary ag-
gregates by the Banco de Espafia is part of this process which led to re-
form of the aggregates at the beginning of 1992 (see the Economic Bulle-
tin, Banco de Espafia, January 1992).

This study examines the properties of the money demand functions
for a broad range of monetary aggregates. The aggregates are defined in
accordance with the sectorization criteria adopted in the 1992 reform.
The analysis of money demand equations presented in the article is
based on several objectives.

First, the reform of the aggregates makes major changes to the deli-
mitation of liquid asset holders and issuers, as well as the classification of
the latter. As a result, a study is required of the properties of the equa-
tions of the redefined monetary aggregates. The paper evaluates these
properties and compares them, in the case of ALP, with those of the pre-
vious definition of this aggregate.

Second, the study takes into account the contribution of the analysis
of money demand equations to the choice of liquidity definitions that the
Banco de Espafia, in the 1992 reform, decided to elaborate systemati-
cally as money supply growth indicators. Thus, in addition to the five ag-
gregates selected (M1, M2, M3, ALP and ALP2), the properties are given
of other liquidity definitions that were considered as alternatives to the ag-
gregates finally chosen. These alternative aggregates are mainly situated
around M3, which is the variable most affected by the reform and on
which most doubts existed at the time of definition.

Finally, the study aimed to go beyond approaches to the money de-
mand equations centred on mere competition between the goodness of
aggregates, or on individual analysis of the statistical properties of a parti-
cular equation. Rather, the properties of demand for monetary aggrega-
tes covering the entire spectrum of liquid assets were jointly evaluated to
provide information on the operation of the monetary sector of the eco-
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nomy and to try to explain the not always coincident paths of the various
monetary aggregates. The evaluation was based on differences in the re-
gularities deduced from the demand equations: relevant financial varia-
bles, long-term elasticities, adjustment dynamics or the scale of shocks in
the short term. This sequential study of the demand equations of this
broad range of aggregates reveals differences in agents’ behaviour in the
demand for financial assets; it provides information on the differentiated
role played by these assets in spending and portfolio decisions; and it
identifies switching processes in certain segments of the spectrum defi-
ned by liquid assets.

The work is structured as follows. Section 1 defines the monetary ag-
gregates studied and indicates the criteria used. Section 2 deals with the
formulation of the demand equations, focusing on the relevant variables
in these equations and on the chosen econometric specification. Sec-
tion 3 details the empirical results obtained. It emphasises the statistical
information and the estimation methods used; it describes the long-term
properties of the aggregates; and it details the dynamics, fit and stability
of the equations. Section 4 is a structural analysis of the course of the ag-
gregates under consideration, expressed in terms of their velocity of cir-
culation, based on the results obtained from their demand equations. Fi-
nally, the main conclusions of the study are given in Section 5.
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THE MONETARY AGGREGATES CONSIDERED

The process of selecting the most suitable aggregates as indicators
of the growth of the money supply in Spain involved an evaluation of the
properties of the demand functions of a broad set of definitions of liqui-
dity. In combination with more institutional studies by the Banco de Espa-
fia and with the work by the Committee of Governors to harmonize mone-
tary aggregates in EC states, those aggregates which showed the worst
results were gradually rejected and the study concentrated on a limited
group. Here we will comment on results from the seven broad definitions
of liquidity that were finally selected.

The definition of these seven aggregates is adjusted to the new crite-
ria of sectorization of holders and issuers of liquid assets, which was part
of the 1992 reform of the monetary aggregates described in the January
1992 edition of the Economic Bulletin. The changes introduced by these
criteria with respect to the previous aggregates are drawn together in
Fig 1.1.

In addition to these seven aggregates, the demand properties of the
ALP aggregate used for setting monetary targets until recently are given.
This aggregate is defined in accordance with the sectorization criteria
prior to the 1992 reform. The results for this aggregate, denoted in the
text as ALP,, serve as a point of reference for the new definitions of liqui-
dity considered. Similarly, the demand functions of the two narrowest ag-
gregates (M1 and M2) are given; these are hardly affected by the new cri-
teria introduced in the 1992 reform, and complete the sequence of
monetary aggregates developed by the Banco de Espafia.

Fig 1.2 depicts the nine aggregates considered, ranking them from
broadest to narrowest. It begins with the definition of ALP2, which inclu-
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FIGURE 1.1

COMPARISON BETWEEN THE NEW AGGREGATES
AND THOSE IN USE UNTIL 1991

(@) Only includes notes maturing at less than one year.

(b) Includes asset participations.

(c) Excludes subordinate bonds subject to the cash ratio included in the aggregates in use until 1991.
(d) Includes notes maturing at over one year.

(e) Endorsed bills and guarantees on commercial paper, insurance transactions and asset transfers.

EEFF: Firms and households; OUP:Other public agencies; ECAOL: Bank-like institutions.
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des the balance of commercial paper held by the private sector; the next
aggregate, ALP, differs in that it does not include this balance.

The definition of the aggregate termed ALP, excludes the set of fi-
nancial instruments whose inclusion is, a priori, questionable in any broad
definition of liquidity, based on the different criteria in use. First, bond is-
sues by official credit institutions were rejected (including mortgage
bonds of the Banco Hipotecario de Espafia and notes issued by this insti-
tution for over one year) due to doubts about the yield characteristics, the
structure of holders and the secondary market for these instruments. Se-
cond, insurance operations by savings banks asset transfer certificates
and were excluded. These are financial assets which are not generally in-
cluded in the monetary aggregates defined by other Community states
and which, therefore, cannot form part of any harmonized definition.
Lastly, notes issued by local governments and the Treasury held outright
by the private sector were also excluded, as were sales of these assets
under repurchase agreement (repos) made by financial institutions to the
public.

It should be pointed out that insurance operations, asset transfers, lo-
cal government and Treasury notes and sales of the latter under repur-
chase agreement, are all instruments which had a high degree of tax
anonymity in the second half of the eighties. In Fig 1.2, an initial horizontal
line separates the ALP2, ALP and ALP, aggregates from the narrower
aggregates shown. This is because the first three include monetary ins-
truments other than those issued by the credit system, specifically: liquid
assets issued by general government and the private sector. The EC
Committee of Governors considers that the dividing line between the har-
monized definition of M4 and M3 at Community level is defined by the in-
clusion or exclusion of these types of instrument.

In Fig 1.2, an initial horizontal line separates the ALP2, ALP and ALP,
aggregates from the narrower aggregates shown. This is because the
first three include monetary instruments other than those issued by the
credit system, specifically: liquid assets issued by general government
and the private sector. The EC Committee of Governors considers that
the dividing line between the harmonized definition of M4 and M3 at
Community level is defined by the inclusion or exclusion of these types of
instrument.

The next aggregate to be considered denominated M3, already un-
der the harmonized definition of M3, differs from ALP, in that it does not
include outright holdings of Treasury bills. Similarly, these holdings are
not included in the definition of M3 either, though M3 does include repos
on Treasury notes. The definitions of M3 and M3, differ, therefore, only
with respect to these repos.
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FIGURE .2

DEFINITION OF THE NEW MONETARY AGGREGATES
AND ALTERNATIVES CONSIDERED (a)

(@) The circles outlined in bolder print are the new aggregates; the others are the alternatives considered.
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The definition of M3, responds to the logic of excluding all anony-
mous instruments, since these assets have been very close substitutes in
private portfolios due to the specificity of the tax treatment of their yields.
The definition is also based on criteria of coherence in sectorization and
harmonization at Community level, so that Treasury note sales under re-
purchase agreement, being a bank monetary liability, are included (in line
with the criteria adopted for harmonization) whereas outright holdings of
Treasury and local government notes are excluded taking into considera-
tion the criterion of issuer.

The last two monetary aggregates included in the harmonized defini-
tion of M3 are denominated M3, and M3,.. The former takes the definition
of M3 as its starting point and excludes financial intermediaries repos on
Treasury notes and bills, and public debt at over three months. The refe-
rence point for the second definition (M3,) is the definition of M3, and ex-
cludes repos on bills and public debt at over three months with the public
by financial intermediaries. These definitions, which use the term of the
repos on government paper as a selection criterion, respond to the pre-
sumption that the public in general does not differentiate between outright
holdings and repos of public debt placed with them by the banking sys-
tem at terms near to those of issue.

The second dividing line in Fig |.2 separates the M3 definitions from
the narrower M2 and M1 aggregates which, for the time being, are not
subject to harmonization at Community level. Following the sequence es-
tablished in Fig 2, the definition of M2 is obtained by excluding from M3,
repos on public securities at less than three months and bond issues,
term deposits and foreign currency deposits in the banking system. When
savings deposits are excluded, the aggregate M1 is obtained which is
made up solely of cash and sight deposits.

19



FORMULATION OF THE MONEY DEMAND EQUATIONS

I.L1. Relevant variables

The decisions guiding the demand for a broad aggregate respond to
at least two types of motive (7): the transactions motive and the “wealth”
or investment motive. Theories stressing the former state that the opti-
mum level of nominal balances is that at which the opportunity cost of
maintaining balances at a zero rate of interest is equal to the reduction in
the transaction costs derived from making fewer transfers of earning as-
sets to liquid balances. According to the literature (8), the transactions
demand for real balances (de) depends on the following variables: inco-
me (y), as indicator of the volume of transactions made, and the opportu-
nity cost of maintaining idle balances, which is represented, in most of the
models, by the interest rate on earning assets (r). Also, Friedman (1969)
widens this range of variables by including the expected inflation rate (p®)
among the arguments of a money demand function, arguing that this va-
riable is none other than the opportunity cost of maintaining nominal ba-
lances, expressed in terms of consumption foregone by keeping these
balances; that is, the expected inflation rate reflects the degree of depre-
ciation of money balances in relation to real assets.

The theories that explain demand for money as a consequence of the
“wealth” motive are based on models of portfolio diversification in terms
of return and risk on assets (9). Under this approach, the decision to hold
money as a way of materializing wealth (mSV) is a function, first, of the
amount of such wealth (W); second, of the utility derived from holding

(7) See the recent survey by Goldfeld & Sichel (1990).
(8) See Baumol (1952) and Tobin (1956)
(9) See Tobin (1958).

21



money balances (whether as a means of payment, or because the is-
suing institutions pay a certain interest rate for them (r’) —, and lastly, of
the return on alternative assets (real or financial) as well as of the degree
of risk inherent in obtaining these returns (s). In the case of real assets,
the inflation rate (p) can be considered an approximation to the nominal
return, when their real value remains constant. For financial assets there-
on, this return is given by their interest rates (r*). These relationships can
be expressed in short form as:

m‘% =m(y, 1), r = max (r*,p%)

md, =m, (W, r’, 1% s, p)

If we consider that the demand for the monetary aggregates responds
to decisions linked to transactions and to others related to choosing the
assets in which the agents’ wealth is held, the demand for these aggrega-
tes is a combination of m$ y m:

m? = g (mg, md)

which would be given by the following function of observable variables:

mi=m(y, W, " r%s,p) [1.1]

where it is accepted that observed inflation, p, is a good proxy for expec-
ted inflation, p°.

In practice, difficulties in measuring wealth and the degree of uncer-
tainty often lead to omit these variables in the formulation of most of the
equations (10). However, if it is accepted that wealth (or a concept of per-
manent income) can be approximated by the accumulation of present
and past levels of income correctly weighted, its effect on money demand
decisions would be indirectly included in the process of global adjustment
to the level of income. In this case, the omission of wealth would not re-
sult in a bias due to omitted variables, although the problem of separating
the effects of the two scale variables would persist.

In line with these considerations, in the equations for broad monetary
aggregates in which income appears as the only scale variable, it is to be
expected that elasticity to this variable would be greater than in the equa-
tions for narrow aggregates which would be closer to a transactions

(10) Examples of money demand equations which do include the wealth variable are:
Grice & Bennett (1984), Bennett (1987) and, in the case of Spain, Manzanedo and Sebas-
tian (1991).
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mand. In the latter case, the expected range of this elasticity is 0.5-1 ac-
cording to the literature, so that estimated values above unity are consi-
dered as evidence that there are wealth effects which have not been spe-
cifically included in the equations.

The option followed by this work, based on formulating linear approxi-
mations to a function of type [I.1] that includes the relevant variables in
the demand for a broad monetary aggregate, differs from that adopted by
other authors. Manzanedo and Sebastian (1991) specify two distinct de-
mand functions: one for a narrow aggregate (M2), which includes de-
mand due to the transactions motive, and another for the aggregate re-
maining after extracting from ALP the assets included in M2 (ALM in their
terminology), which would include demand caused by the wealth accu-
mulation motive. However, this argument does not fit situations where it is
difficult to separate financial assets demanded for their capacity to be
used as means of payment from those held in order to maximize return
on the stock of wealth. The Spanish financial system has always been
characterized by the peculiarities of its regulatory framework and the tax
treatment of financial assets which have considerably blurred the dividing
line between these two types of assets. Thus, originally, savings deposits
were used as an instrument for placement of household savings when in-
terest rates were regulated; they gradually lost this characteristic when in-
terest rates on term deposits were liberalized. Later, liberalization of inte-
rest rates on sight deposits gave a wide sector of economic agents
access to a very liquid financial instrument with a market return, in which
it is difficult to separate the transactions motive from the wealth motive.

For this reason, it seems advisable in the Spanish case to consider, for
both narrow and broad aggregates, functions such as expression [Il.1],
which include both demand for transactions and for wealth. In this way, it
is the characteristics of the equations of each aggregate that establish a
graduation between them, according to the type of decision (transaction
or investment) governing each case. Predominance will depend on the
characteristics of the assets in each definition (some will be more likely
to satisfy a transaction demand while others serve as instruments for
holding wealth), on the quantitative importance of each type of asset, and
on their course over time.

[I.2 Econometric specification

In line with recent literature (Dolado (1982, 1985, 1988), Von Hagen
& Newman (1988), Dolado and Escriva (1991), Mehra (1991) and Baba
et al. (1992), among others), all money demand equations have been
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specified as a demand for real balances in the form of a model with error
correction mechanism (ECM) of the type:

Dy, =k+a(y—-bx)_; +d(Dy,_; Dx,_j) + & (1.2]

where “y” is the dependent variable and “x” the vector of explanatory va-
riables. This formulation incorporates a long-run or equilibrium relations-
hip, bx, defined by economic theory, as well as the dynamics implied by
the deviations from this equilibrium path and the adjustment process to
recover it, which is captured by the function of variables in differences,
d(-), and the term of error correction a (y — bx); _ ;.

The ECM models bear a close relationship to the concept of cointe-
grated variables developed by C. J. Granger and R. F. Engle (11), among
others, based on the theory of integrated variables. According to this ap-
proach, the existence of cointegration relationships between the compo-
nents of a vector of economic variables can be interpreted as equilibrium
relationships between the variables, in accordance with economic theory;
that is, relationships that persist over time, characterized by temporary
deviations between observed values and the equilibrium positions. In sys-
tems where some variables are cointegrated, it is possible to re-parame-
terize the systems as ECM models (Engle & Granger [1987]) in which all
the variables used are zero-order integrated, 1(0), -stationary, in heuristic
terms.

This work uses this methodology to analyze the existence of stable
demand equations for the new aggregates defined in the 1992 reform, as
well as for the alternative definitions also considered. This involves a
study of the degree of integration of the variables used, as detailed in Ap-
pendix .

The money demand equations were specified in terms of ECM mo-
dels (whose single-equation expression is given in [l1.2]) in which the de-
pendent variable is the rate of change of the real balances and vector x of
explanatory variables is a subset of the arguments of the demand func-
tion defined in expression [Il.1]. Specifically, the explicative variables con-
sidered were: real income, interest rates and inflation rate. Thus, the spe-
cification of the equations responds to the following expression:

D(m-p)=k+a[m-p-mi()]_, +d, (L) Dy, +

+d, (L) DrP + dy (L) Dr? + d, (L) Dp, + & [1.3]

(11) See Granger (1981), Granger & Weiss (1983) and Engle & Granger (1987).
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being (12):
(m - p),—m* (), = u; ~ 1(0)
m? () = g + B + G + gupy

In general, in almost all the aggregates considered, the equilibrium
path given by m?(:) is a linear combination of 1(1) variables. In contrast,
deviations of real balances from this path are 1(0) under the cointegration
hypothesis (see Appendix I).

This type of formulation imposes long-run homogeneity of prices, ba-
sed on the results of the analysis of the degree of integration of the varia-
bles (see Appendix I) and on an approximate testing of this hypothesis,
whose results are given in subsection 111.3. Analysis of the degree of inte-
gration of the variables shows that changes in the real balances of the
broad aggregates are 1(0) variables, which has led to the formulation of
ECM models in real balances, so that standard inference can be carried
out.

The fact that equation [I1.3] has been specified as a demand for real
balances does not necessarily imply that economic agents immediately
adapt their holdings of nominal balances to changes in the price level.
Thus, when a model is specified in nominal balances of the type:

Dm, = bDp; + h(:) + g [1.4]

where h(-) includes the right-hand terms of expression [l1.3] except those
in which the change in the price level appears, the value obtained for the
«b» coefficient is in the region of 0.3-0.4, indicating that the adjustment in
the nominal balances in response to changes in prices is not immediate.
However, expression [I1.4] can be considered as a re-parameterization of
an ECM model in which the dependent variable is the change in real ba-
lances:

D(m-p)=(b-1) szt +tam-p-— md(')]t—l +d, (L) Dy, +
+d, (L) Drf + dg (L) Dif + d, (L) DPp, + & [11.5]

M), = gy + GIP + I +

m;nm

taking into account that: p, © Dp, = D’p, + Dp,_;.

(12) d(L), i=1...4, are polynomials in the lag operator L.
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In line with this re-parameterization, a response of the nominal balan-
ces by 30-40 % of the changes in the price level can be interpreted as
the result of a rapid adjustment in nominal balances and a response of the
demand for real balances to the inflation rate of opposite sign. This is the re-
parameterization used in this work, and the results presented in the next
section are interpreted on this basis.

However, Mauledn (1989) criticizes this interpretation with two argu-
ments: first, this author does not consider that a negative effect of the in-
flation rate on demand for real balances is justified on the basis of econo-
mic theory; second, he thinks that a bias of simultaneity exists on
estimating the parameter (b — 1) in expression [II1.5] which makes the
empirical value obtained significantly different from zero and within the in-
terval (—1.0), a value which is not coherent with the specification in nomi-
nal balances that he claims (13).

Though it is possible that there is a bias of simultaneity in the estima-
tes, the theoretical justification for a negative effect of the inflation rate on
the demand for real balances is quite solid, especially when the levels re-
ached by this variable have been very high (see Friedman (1956, 1969)
and Cesarano (1991) who discuss this theoretical foundation). Moreover,
the inflation rate is an important explanatory variable in a large number of
empirical studies of demand for money (14).

With respect to the controversy over a specification of the demand for
money in nominal or real balances, the paper by Goldfeld & Sichel (1990)
is illuminating. These authors state that it is impossible to determine
whether an adjustment occurs in real or nominal balances and to see, si-
multaneously, whether there is an independent effect of inflation on de-
mand for real balances. That is, while the inflation rate is defined as the
change in the price level, the effect of variable Dp on the nominal balan-
ces obtained when estimating expression [ll.4] can be a combination of a
partial adjustment of nominal balances to the price level with some or no
effect from the inflation rate, as well as the result of an adjustment in
terms of real balances and a response to the inflation rate, which is the
interpretation corresponding to re-parameterization [I1.5]. Only by i) ap-
proaching variable Dp by the change in a price index other than that used
to deflate the nominal balances, which were a more approximate indica-
tor of the returns on holdings of real assets (e.g. a price index linked to
the real estate sector) coherent with Friedman'’s interpretation of the infla-
tion rate (1956); and ii) including a suitable measurement of expected

(13) According to this hypothesis b = 0 in [Il.4] and (b-1) = -1 in [Il.5].

(14) See Baba etal. (1992) for the American economy, Hendry (1979, 1988) on de-
mand for money in Britain, and Dolado (1985, 1988) and Manzanedo and Sebastian (1991)
on the Spanish economy.
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inflation not based on observed values (15) in order to include the rela-
tionship defended in Friedman's (1969), can the effect of these new varia-
bles be distinguished from the process of adjustment in the nominal ba-
lances to changes in the general price level.

(15) When an expected inflation variable, proxied by the conditional expectation of a
univariate model of the observed inflation rate, is included in the demand equations estima-
ted in this work the results are not very satisfactory.
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RESULTS OF THE DEMAND EQUATIONS

This section presents the characteristics of the money demand equa-
tions, estimated for all aggregates defined in Section I, from the perspec-
tive of the objectives set out in the introduction. Before giving the results,
the first two subsections describe the estimation techniques and data
used.

One of the objectives stated in the introduction was to collaborate in
the choice of liquidity definitions useful as indicators of growth of the
money supply and also suitable for setting annual targets. From this pers-
pective, it is fundamental to establish the existence of a stable long-run
demand function that allows rates of expansion of the aggregates to be
traced over prolonged periods of time consistent with defined growth
paths of nominal expenditure. This question, as well as the key aspects
of the demand functions for the definitions of liquidity considered, are
examined in subsection 111.3.

The use of an aggregate for monitoring growth of the economy’s liqui-
dity requires a certain degree of stability in its short-term demand to make
it possible to extract reliable information based on observation of its
growth rates over short periods of time. Hence, preference will tend to be
for those aggregates that compensate most internally for possible shifts
in the demand for financial assets. For this reason, it is important to
analyze the scale of random disturbances or shocks affecting each equa-
tion. This point is dealt with in subsection IIl.4, where, together with the
goodness of fit of the equations, an analysis is made of the explanatory
power of the arguments of a money demand function (income, prices and
interest rates) in relation to other factors (seasonal variables, lags in the
endogenous variable) more linked to purely inertial aspects of each ag-
gregate. In general, these definitions of liquidity, where the latter aspects

29



have greater weight, will have a more limited capacity to provide informa-
tion on the course of the final variables.

Correct use of an aggregate as an indicator of movements in the final
variables also requires knowledge of the dynamics of the adjustments in
money balances occurring in response to fluctuations in the variables that
determine its demand. This aspect is analyzed in subsection I11.5.

Lastly, all these characteristics are considered together in the final
part of this section, where the global stability of each equation and of their
long-run relationships are analyzed, to discern as far as possible tempo-
rary instabilities of those that have more persistently affected the equa-
tions.

I1.1. Data used

The data of the monetary aggregates used in the estimation of the
demand equations are quarterly averages of end-of-month data largely
obtained from the balance sheets sent by financial institutions to the Ban-
co de Espafia and from the information provided by the Central Book-
Entry Office. Although the monetary aggregates are controlled and moni-
tored in terms of monthly averages of daily data, the demand equations
were estimated with data from the last day of each month in order to ho-
mogenize the quality of information used for the set of aggregates consi-
dered, and so that comparisons between them were not contaminated by
heterogeneous sources of information.

To approximate the arguments of the real balances demand function
given by expression [l1.1], the following information was used:

— GDP quarterly data prepared by the Banco de Espafia Research
Department as an indicator of real income (y).

— A synthetic interest rate () of the return (after tax) on those fi-
nancial assets included in the definition of each aggregate, in line
with previous studies (Dolado (1988), Dolado and Escriva
[1991]) (16).

— The internal rate of return on public debt (after tax) was chosen as
alternative interest rate (r¥), except for M1 and M2. For these ag-
gregates, it has been preferred to use an average of this rate and
the return (also after tax) on financial instruments that are close

(16) See Tejada (1988) and Cuenca (1991) on how to obtain these synthetic interest
rates.
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substitutes, that is, assets that form part of ALP but which are not
included in M1 and M2, as the case may be.

This differentiated treatment is justified for several reasons. First,
the results do not change when an average of the return on pub-
lic debt and the interest rates on assets included in ALP, and not
included in the broad aggregates, is used as an alternative inte-
rest rate for these definitions. This result is logical since the as-
sets excluded from ALP for construction of the broad aggregates
have had little significance (except in very specific periods) in
comparison with medium- and long-term public debt. In contrast,
in the case of M1 and M2, the consideration of the term deposits
and government debt sales with repurchase agreements is rele-
vant in the alternative interest rate, given their quantitative import-
ance and the high degree of subsitutability between these instru-
ments and sight and savings deposits.

— As a measure of inflation (p), the quarter-on-quarter change in
the consumer price index was used, expressed in logarithms,
(Dp), which is an approximation of the quarter-on-quarter growth
rate of the index.

Wealth was not introduced into the estimated demand equations as
an explanatory variable, since satisfactory approximations of this variable
are not available for the Spanish economy on a quarterly basis. Similarly,
indicators of risk or uncertainty associated with returns on the financial
assets considered (17) have been excluded because of measurement
problems, since Spain has only had a developed market in long-term fi-
nancial assets since 1987.

I1.2. Estimation Methods

The money demand equations were estimated for the aggregates de-
fined in Section 2 according to the ECM formulation given by expression
[11.3]. The equations were estimated by two procedures:

— A linear estimate; traditional in ECMs, based on linearizing ex-
pression [I1.3]

D(m —p) =k +a(m—p),_q + by, 5 +b,rf_; +bgrf_; +
+ b,Dp; + di(L)Dy, + d(L)Drf + dy(L)Dry + (n.1]

(17) The paper by Baba et al. (1992) does introduce a moving standard deviation of
returns on bonds as a measure of the risk of holding these assets.
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+ d4(L)D2pt T &

where b; = ag, so that the estimated parameters are the product
of the coefficient of the error correction mechanism a and long-
run elasticities g.

— A non-linear estimate of [lI.3], in which both a and the long-term
parameters are estimated.

Appendix Il gives detailed results for only the linear estimates of ECM
equations for all aggregates considered, since both methods provide very
similar results due to the negligible degree of non-linearity present in the
model [11.3]. However, the non-linear estimate has the advantage of provi-
ding standard errors for the long-run parameters, so that a more approxi-
mate inference can be made on them than in the linear estimate (18). For
this reason, the results of the non-linear estimate are used in subsection
111.3 in reference to long-run properties. In the other sections, the results
that appear in the summary tables were obtained from the linear estimates.

The estimates used in the tables of results relate to the period
1978.111-1989.1I (unless otherwise indicated) which is immediately prior to
the introduction of controls on the growth of bank credit. This is a relati-
vely uniform period for analysis of the regularities of the demand equa-
tions, free from distortions caused by the enactment of regulations.

[l1.3. Long-term properties

In general, a cointegration relationship, interpretable as a money de-
mand equation exists, in the case of all aggregates considered (see Ap-
pendix | and estimates of parameter a in Appendix Il). The differences
among them have to do with the variables intervening in that relationship,
as well as with the values of some elasticities. Table Ill.1 summarizes the
characteristics of these long-run equilibrium relationships.

In relation to the variables appearing in the demand equation, certain
common characteristics between the closest aggregates can be obser-
ved. Thus, the long-run demand equation for the broadest aggregates
(ALP,, ALP y ALP2) would be defined by:

m{ =gy, + G + ap;

(18) Since the coefficients of non-stationary variables do not have standard distribu-
tions, the usual standard errors only give an approximate idea of the confidence intervals for
these coefficients.
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lll.1. LONG-RUN ELASTICITIES OF THE DEMAND FOR MONEY (a)

Annual inflation rate (%) Own interest rate (%) Alternative interest rate (%)
Prices el Elasticity (b) Elasticity (b) Elasticity (b)
Semielastic. Sermielastic. Semielastfe.

(min) (max) (min) (max) (min) (max)
ALP, 1.00 1.46 (40.4) —0.61 (5.8) -0.01 -0.11 0.013 (5.7) 0.05 0.09 — — —
ALP 1.00 1.77 (32.99 —0.57 (3.5) —0.01 —0.10 0.011 (3.1) 0.04 0.07 — — —
ALP2 1.00 1.75(29.3) —0.52 (3.9) —0.01 —0.10 0.015 (4.6) 0.05 0.10 — — —
ALP, 1.00 1.84 (12.9) —1.29 (2.8) —0.02 —-0.24 — — — — — —
M3 1.00 1.27 (9.5 —0.90 (3.0 —-0.02 —-0.22 — — — — — —
M3, 1,00 1.74(13.499 —1.00 (2.8 —-0.01 -0.18 — — — — — —
M3, 1,00 1.10(12.4¢ —0.95 (3.7 —-0.01 -0.17 — — — — — —
M3, 1.00 1.30 11,00 —0.88 2.9 —0.01 —0.17 — — — — — —
M2 1.00 0.62 (22.7) — — — 0.155 (3.6 0.32 0.62 —0.101 4.1y —0.67 —1.11
M1 1,00 0.54 (28.0) — — — 0.131 ¢6.1) 0.11 0.65 —0.083 (3.8 —0.42 —0.72

(a) This table gives the long-run values of the coefficients obtained in the non-linear estimate in the 1978.111-1989.11 period, except for the equations of M1 and M2 in which
the period chosen is 1978.111-1991.11. The t-ratio of the equations is given in brackets to give an approximate idea of the confidence intervals of the coefficients.
(b) The sample mean and the minimum and maximum values in the sample were used to calculate the elasticity of the interest and inflation rates.



while for the aggregates close to M3 (ALPa, M3, M3a, M3b and M3c) the
relevant relationship appears to be:

m{ = gy, + g

The long-run demand equation estimated for the narrowest aggregates
(M1 and M2) is:

m = gy, + g + g

Long-run price homogeneity was imposed in the demand equations of
all aggregates considered, based on the analysis of the degree of inte-
gration of the variables (19) and on an approximate testing of this hypot-
hesis. The testing was done by the t-ratio of parameter g, when model
[11.3] is estimated incorporating the term gp;_; (see Table 111.2). Thus, if
O is not significantly different from zero, the unit elasticity hypothesis
cannot be rejected. This form of testing is only approximate since tabula-
ted critical values for it are not available, because p,_, is a non-stationary
variable. However, since these distributions usually have wide tails, criti-
cal values for this test will be higher in absolute value than those for stan-
dard distributions and, therefore, in the event of obtaining t-ratios with ab-
solute values less than two (20), it is possible not to reject the null
hypothesis (g, = 0).

I1.2. LONG-RUN PRICE HOMOGENEITY TEST (a)
(1978.111-1989.11)

Yo t-ratio (b) Yo t-ratio (b)
ALP, —-0.00 0.29 M3, —-0.00 0.80
ALP2 -0.02 1.66 M3, 0.00 0.11
ALP -0.01 1.16 M3, -0.01 1.60
ALP, -0.00 0.17 M2 (c) 0.02 1.46
M3 —0.00 0.15 M1 (c) -0.01 0.30

(a) The model used in testing g, significance is:

D(m —p), =k +a[m —p - m()];_; + gp;_; + dDy, D, Dr*, Dp) + &
(b) Absolute value.
(c) Estimate period: (1978.111-1991.11).

(19) For most of the aggregates their rate of change in nominal terms can be charac-
terized as I(1) variables in this sampling period, while the corresponding rate in real terms
can be approximated by an 1(0) stochastic process.

(20) Critical value of the normal distribution for a size of 5%.
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The value of the elasticity of demand for real balances in response to
changes in the level of income is greater than unity in the broad aggrega-
tes (those which are close to M3 and ALP) fluctuating in a range of 1 to 2,
as the case may be. These values suggest, as stated in Section 2, the
existence of wealth effects that are captured by real income and an elas-
ticity much greater than that which would have been obtained had wealth
been introduced as an explanatory variable. The narrow aggregates, on
the other hand, show an elasticity below unity, near the value 0.5, indica-
ting that the transactions motive seems to have dominated in the demand
for these aggregates.

These results contrast with some of the estimates on demand for
money in Spain (Dolado (1985, 1986), Dolado and Escriva (1991)), which
formerly imposed a unit income elasticity in the broad aggregates, based
on Friedman’s interpretations of the velocity of circulation as connected to
a money demand function (21). However, when data from the mid-seven-
ties were included in these estimates, a quadratic trend was required in
this period, and when data from the late eighties were included, a linear
trend was necessary in the cointegration vector which captured a persis-
tent fall in the velocity of circulation of ALP that was not sufficiently reflec-
ted by the demand equation variables.

In contrast to this deterministic treatment of shifts in the velocity of cir-
culation of money, Vega (1991) in a study with annual data for the period
1964-90 detects the existence of a cointegration relationship of the type
(m-p-b-y) for a broad aggregate (m = ALP,) when income is used as a
scale variable (y = GNP) and b = 1.5, without having to use period trends.
This relationship, however, is much more doubtful in the case of b = 1. Si-
milarly, Vega (1992) estimates an annual demand equation for ALP,,
jointly with credit demand equations for the period 1964-88, and obtains
income elasticities of about 1.6. These results are coherent with the em-
pirical evidence from previous studies on demand for money in Spain, in
which estimated income elasticity was about 1.5 during the sixties and
early seventies (22).

Yet although there are many studies for other countries in which the
value of this parameter is restricted to unity, Boughton (1990) questions
this practice because of its relative arbitrariness, given the lack of con-
sensus on its theoretical value and the wide range of values obtained
when this parameter is not restricted. Moreover, the most recent interna-
tional evidence, except for the United States, tends to converge towards

(21) See Friedman (1956).

(22) Vega (1991) proposes an explanation of the fact that unit values for income elas-
ticity are adequate in some sampling periods, and not so over more extended periods of
time.
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estimates of income elasticity exceeding unity for broad aggregates and
lower values for narrow aggregates (23). Similarly, studies on demand for
money by the EC Committee of Governors give income elasticities which
fluctuate between 1.3 and 1.7 for an M3 monetary aggregate harmonized
for the member states of the European Monetary System.

In line with all these results, a strategy modelling the quarterly equa-
tions of the new monetary aggregates was chosen, in which restrictions
are not imposed on the value of the income elasticity parameter and, in
general, deterministic elements that would affect the long-term solution of
the equations are omitted. The results obtained can be considered satis-
factory, since it has been possible to estimate demand functions without
having to introduce these deterministic elements and, at the same time, it
has been possible to continue to verify the cointegration relationships.
Moreover, the fit and the stability of the equations did not deteriorate.

In the case of the demand for the broadest aggregates, the substitu-
tion of deterministic trends by long-run income elasticities generally grea-
ter than 1.5 provides a new interpretation of the speed-up of the fall in the
velocity of circulation of these aggregates during the second half of the
eighties. In line with this interpretation, this acceleration should not be un-
derstood so much as the result of financial innovation not reflected in the
relative returns of the assets and captured “ad hoc” by means of determi-
nistic variables; it should be linked rather to the cyclical upturn during this
period, as reflected in high rates of growth of real income. The break-
down of the velocity of circulation of the aggregates on the basis of the
estimated demand equations in Section 5 provides a quantification of
these factors.

The presence of interest rates and inflation rate variables in the long-
run demand of the monetary aggregates depends on the nature of the as-
sets included in each aggregate, the degree of regulation on their returns
and, lastly, the broadness of each aggregate.

In the broadest definitions of money, there has not appear to be an
effect of the alternative interest rate on the long-run demand. This lack of
sensitivity of demand to the behaviour of bond-market rates could be due
to: first, the high share accounted for by these monetary aggregates in
the set of financial assets in the Spanish economy; and second, the histo-
rically insignificant development of alternatives to money or short-term
markets. In contrast, the alternative interest rate is very important for ex-

(23) See Boughton & Tavlas (1991), who estimate demand functions for the United
States, Japan, German Federal Republic, United Kingdom and France, and Muscatelli and
Papi (1990) for Italy.
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plaining the demand for M1 and M2, since this variable incorporates both
a good part of financial innovation (appearance of short-term public secu-
rities and repo operations, etc.) and liberalization of interest rates, espe-
cially on term deposits, which negatively affected demand for these ag-
gregates.

The process of introduction of new assets and liberalization of interest
rates must have also influenced the demand for M3 and other aggregates
close to it which have been affected by frequent flows of funds into and
out of them. However, unlike in the M1 and M2 equations, in these cases
it has not been possible to capture these movements through the level of
interest rates since these flows, which have been quantitatively significant
for short periods, have tended to compensate each other in the long run,
due to the speed with which they have changed direction and the more or
less parallel development of the aggregates’ own and alternative rates.
As a result, these shifts in money demand in response to changes in rela-
tive returns have been captured in the equations by changes in interest
rates, which have had a temporary effect, without affecting the overall
trend of the demand for real balances.

The effect of their own interest rate on the narrowest aggregates (M1
and M2) appears in their long-run demand after the liberalization of inte-
rest rates in the first quarter of 1987; though, in the case of M2, its de-
mand only starts to respond significantly to the trend in its own return
from 1990, when remuneration of sight deposits comes closer to market
rates with some carry-over of this effect to savings deposits.

The inflation rate appears as a relevant variable for explaining long-
run demand for broad aggregates. In the case of ALP and ALP2, this va-
riable has come to represent the main opportunity cost for holdings of
monetary assets. The narrowness and insignificant development of me-
dium- and long-term markets in Spain, which could act as alternative
markets to holding liquid assets, has meant that return on real estate has
been the primordial opportunity cost in portfolio decisions (24). However,
it is likely that as financial markets develop and become more efficient,
the inflation rate will cease to be a relevant variable for explaining de-
mand for money (25) at least in broad aggregates where portfolio deci-
sions have significant weight.

(24) Manzanedo and Sebastian (1991) put forward this hypothesis.

(25) Cesarano (1991) proposes the hypothesis that there is an inverse relationship
between the degree of efficiency of financial markets and the importance of expected infla-
tion in explaining demand for money.
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I.4. Fit

This subsection comments on the results of different indicators rela-
ting to the goodness of fit of demand equations which provide information
on relevant aspects of the use of aggregates for monetary policy and moni-
toring of the growth of liquidity. These indicators are shown in Table 111.3.

I1.3. GOODNESS OF FIT OF THE
MONEY DEMAND EQUATIONS

%

Standard error T} Band R?

(1978.111-1989.11) to 95 % (a) Pierce (b)
ALP, 0.25 +0.7 75.9
ALP 0.29 +0.8 69.1
ALP2 0.34 +0.9 52.0
ALP, 0.48 +1.6 49.8
M3 0.42 +1.7 33.8
M3, 0.43 +1.4 46.2
M3, 0.42 +1.3 41.9
M3, 0.48 +15 30.8
M2 0.68 +3.2 15.8
M1 1.12 +4.8 16.0

(a) Calculated with the standard deviation for the 1978.111-1989.11.
2
s
(b) R2?Pierce = 1 —demand
S ARIMA
s2.mana = residual variance of the demand equation in the period 1978.111-1989.11.

S2mma = residual variance of an ARIMA model for the same period as the demand equation.

The first column of this table shows the standard error of each equa-
tion. According to this indicator, an inverse relationship exists between
the size of the aggregate and the scale of the innovations. This is confir-
med for all aggregates considered except for ALP,, whose demand equa-
tion has a standard deviation greater than those for the equations of the
M3 aggregates. If we assimilate the value taken by these standard devia-
tions with the importance of financial disturbances experienced by each
monetary aggregate, the results confirm the traditional argument in favour
of the broadest aggregates, since most shifts unexplained by changes in
relative returns on assets are offset within them.

The second column relates to the width of a 95 % confidence interval
for the year-on-year growth rate (T1.4) which would be obtained from dy-
namic predictions (with a time horizon of four quarters) provided by each
estimated equation, conditioning on the observed values of income, pri-
ces and interest rates. This indicator reflects, therefore, the width that

38



should be assigned to a hypothetical target band for the annual growth of
each definition analyzed, if these targets were formulated on the basis of
the properties of their demand equations. The band width depends on the
standard error and on the dynamic specification of each demand equa-
tion.

The results of this column indicate that a possible target band for the
M3-type aggregates, constructed from simulations with the demand
equations, should have a width one to two points greater than for ALP,
which, again, reflects the lower neutralization of the portfolio shifts in
these intermediate aggregates. In the case of M3, the band widens so-
mewhat in relation to the M3,, M3, and M3, bands due to the appearance
of lags in the endogenous variable in the demand equation.

With respect to M2 and M1, this hypothetical target band should be
very wide, about four and eight points more respectively, due to the
greater degree of erraticism and inertia detected in these equations.
This erraticism is partly caused by the fact that very liquid assets are
included in these narrower aggregates. These assets sustain the temporary
adjustments required by expenditure and portfolio decisions of economic
agents.

Finally, the third column of Table 3 shows Pierce’s R?. This indicator
provides information on the power of the explanatory variables of the
money demand functions (income, prices and interest rates) to explain
the behaviour of each monetary aggregate. Pierce’s R? depends on both
the size of the innovations of the demand equation and on each aggrega-
te erraticism, measured by the residual variance of its univariate ARIMA
model. By comparing both variances, an indicator of the degree of linka-
ge between monetary aggregates and the final variables is obtained.
Thus, for example, in the case of M3 and M3, the latter has a higher
Pierce’s R?, even when both demand equations have a residual variance
of similar size. That is, M3, is explained more by the variables proper to a
money demand equation than by more inertial factors, resulting from dy-
namic adjustment processes, or from seasonal fluctuations.

The most restricted definitions of liquidity (M1 and M2) maintain a we-
aker link with the expenditure variables, as deduced from the values ta-
ken by Pierce’s R?. In contrast, ALP gives the best result, since its de-
mand function is capable of explaining a higher proportion of variance in
the corresponding univariate model.

The results obtained for these three indicators point in the same di-
rection: as more assets are included in the definition of liquidity, the equa-
tions give generally better properties according to the indicators of fit con-
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sidered. However, while the results obtained for aggregates M1 and M2
indicate a significant deterioration in relation to the M3 definitions, this de-
terioration is much less marked in the latter with respect to the aggrega-
tes close to ALP. Moreover, in a comparison between ALP and ALP, (the
previous definition of ALP), the three indicators of Table 2 produce margi-
nally better results for ALP,,.

lI.L5. Dynamics

The dynamics built into the demand equations (see Table 111.4) are
characterized by relatively rapid adjustments to changes in the explana-
tory variables; however, in the cases of real income and prices, some
time is required for completion of the effect (the lag distributions have
long tails). Furthermore, in all the aggregates, demand responds more ra-
pidly to changes in the price level than to changes in real income, as is
shown by both the mean and median lags, which are greater in the latter
variable.

As Table 4 shows, at least 50 % of the effect of income and prices on
the broad aggregates (all those considered except M1 and M2) occurs in
the first year, with the adjustment of the broadest aggregates during this
period being markedly higher. Thus, the accumulated response to chan-
ges in income in the first four quarters is 67 % in ALP and 70 % in ALP2,
with adjustment to price level of 77 % and 78 %, respectively. In contrast,
ALP, adjusts more slowly, more in line with the results for the M3 aggre-
gates.

If we compare the dynamics of the demand equations of the aggrega-
tes included in the harmonized definition of M4 with the dynamic of the
definitions assimilable to M3, it is clear that, if changes occur in the nomi-
nal income, the demand for the aggregates close to ALP will record the
effect of these changes more promptly (mean and median lags are sma-
llest). Therefore, with respect to the dynamics of the adjustment proces-
ses, it can be said that ALP is the aggregate that combines the best pro-
perties for use as an indicator of the behaviour of the final variables.

In the narrowest aggregates (M1 and M2), two aspects are signifi-
cant. First, responses to prices and income occur considerably more
slowly than with the other aggregates, which induces more persistent de-
viations in their long-term paths and makes it difficult to relate observed
growths for these variables to the behaviour of nominal expenditure. Se-
cond, the estimated response functions reflect a more complex dynamics
than in the other aggregates, obtaining, on occasions, cyclica responses,
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ll.4. DYNAMIC PROPERTIES OF THE MONEY DEMAND EQUATIONS

Median and mean lag Accumulated response (a)
Prices income Own interest rate Alt. interest rate

(b) (c) (o) (c) Half-year Year Total Half-year Year Total
ALP, 2.5 0.9 3.0 1.6 0.08 0.11 0.07 0 —0.02 0
ALP 2.2 0.5 3.2 1.7 0.08 0.12 0.06 0 —0.02 0
ALP2 2.1 0.6 2.8 1.5 0.05 0.09 0.08 0 —0.02 0
ALP, 5.2 2.6 7.0 2.0 0.10 0.12 0 -0.01 —0.02 0
M3 4.4 1.5 6.1 33 0.05 0.12 0 0 —0.03 0
M3, 3.9 1.1 6.6 4.3 0.08 0.06 0 -0.01 —0.03 0
M3, 3.6 1.4 4.2 2.1 0.06 0.06 0 0 —0.04 0
M3, 3.6 0.9 4.8 2.6 0 —0.00 0 0 —0.02 0
M2 (d) (d) 11.5 8.0 0.13 0.15 0.36 -0.13 —0.33 -0.90
M1 (d) (d) 7.4 5.0 0.09 0.12 0.19 -0.27 —0.36 —0.59

(a) Expressed interms of elasticity with respect to the sample mean for each interest rate.
(b) Meanlag.
(¢) Median lag.

(d) Inthese aggregates, the dynamic response to the level of prices changes sign in some periods, thus the calculation of the mean and median lag does not apply.




though this does not affect long-term properties. These cyclical respon-
ses are a result of the appearance of a number of lags of the dependent
variable on the right of the equations (see Tables A.1l.9 and A.11.10 of Ap-
pendix IlI). These terms show the greater importance of very short-term
fluctuations (erratic and/or seasonal changes) in explaining the quarterly
course of these aggregates. This is an element which significantly diffe-
rentiates the M1 and M2 equations from the equations for the broad ag-
gregates, where the arguments of the demand function (income, price
and interest rate) explain their course, with scarcely any need to introdu-
ce elements of inertia such as lags in the dependent variable.

The demand for all the broad aggregates is characterized by a short-
term overshooting in the response to interest rates. Thus, in cases where
long-run elasticity is other than zero, the response after one year is
usually higher than the long-term effect. Similarly, when the long-term ef-
fect is zero, the demand for some aggregates, for example, ALP, and
M3, is significantly affected by movements in interest rates, mainly their
own. Moreover, while the alternative interest rate has hardly any effect on
demand for aggregates during the first half-year, it is in this period when
their own rate causes greatest change in their demand. Consequently,
according to these results, the demand function of the aggregates close
to M3 and ALP is dominated, in the very short run, by the effect of chan-
ges in their own rate.

This type of dynamic response to interest rates has led, on occasions,
to conclusions that elasticity to their own interest rate was important in
the broad aggregates, a fact which tended to hinder monetary control.
Hence, the implementation of restrictive measures by a general rise in in-
terest rates which pushed up both their own rate and the alternative rate
undoubtedly led to a short-term increase in the demand for these aggre-
gates. However, as pointed out, the long-term effect of their own rate was
less or even nil.

I1.6. Stability

Several aspects of the stability of the demand equations of the aggre-
gates were analyzed. These are summarized in Table IIl.5 and detailed
results can be consulted in Appendices Il and Ill. Special emphasis was
given to the stability of the long-run relationship, due to its relevance in
the design of monetary policy and the setting of annual targets.

Almost all the aggregates examined show a high degree of stability,
since they maintain similar values in long-run elasticities when the equa-
tions are estimated for different periods of time (see Appendices Il and III).
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.5, STABILITY OF THE DEMAND EQUATIONS

ALP, ALP, ALP ALP, M3 M3, M3y, M3, M2 M1

Long-run relationship

(less stable coeffic.) - Ya - Yi» Ya Ya V1, V4 Y1 Ya Y1, Y4 V2 V2
Point instability

(no. of quarters) 2 1 1 1 3 0 1 2 3 1
Persistent instability no no no no (?) yes no no (?) yes no (?) yes

Since: — — — 1986 1986 — 1985 1986 1985 1984
Credit control

(1989.111-1990.1V) | SB E SM | SB E SM I'IM E SM 1M I IM I SM ED
After control

(1991.1) D IM D B B IM B B D D

(1991.11) SB D SB IM B IM B B SM SM

| = Inestability; E = Stability; D = Observation coincident with the prediction; IM = Moderate under-prediction; SM = Moderate over-prediction; |B = Extreme under-prediction;
SB = Extreme over-prediction.




The intermediate-sized aggregates (ALP,, M3, M3,, M3, and M3) dis-
play more heterogeneous values in these statistics, while the narrowest
aggregates (M1 and M2) are highly stable in their long-run relationships,
after inclusion of their own return in order to incorporate the structural
change following the liberalization of 1987. ALP, in both its former and
new definition, is the aggregate that shows the most stable long-run rela-
tionship.

The estimates produced by including the period of credit control in the
sample (1989.111-1990.1V) have to be excluded from these comments. In
all the broad aggregates, except ALP2, symptoms of strong instability
were detected which show up in changes in long-run parameters and in
responses to interest rates, as well as in a marked increase in residual
variance and prediction errors (see Tables A.lIll.1 and A.Ill.2 of
Appendix Ill). This instability is particularly intense in ALP, more moder-
ate in the intermediate aggregates, and particularly weak in ALP2, which
records only a moderate increase in residual variance and a moderate
over-forecast during the period of credit control.

The narrow aggregates, for their part, do not show signs of instability
in this period, except for an increase in the degree of erraticism of M1
which puts the growth of this aggregate above forecast, due to the rapid
growth in sight deposits in 1990, after high returns on this type of asset
became widespread.

An analysis of the stability of the demand equations of the new aggre-
gates should, therefore, avoid consideration of the 1989.111-1990.1V pe-
riod, in which a combination of extraordinary events (26) occurred which
by their nature tended to generate instability in the money demand equa-
tions. For this reason, a number of stability tests were made on these
equations excluding this period from the analysis (see Appendix III).

The tests were of two types (27):

— Stability tests one period in advance, to detect point instabilities
over very short periods of time.

— Stability tests with a variable time span, to detect more persistent
instabilities which could be associated with structural changes.
Though the values obtained from this test do not in most cases

(26) These events were: the adoption of controls on bank credit; a drastic reduction in
the cash ratio; the extension of high returns on sight deposits; changes in the regulatory ti-
metable for various taxes; changes in regulations affecting insurance operations and asset
transfers; and agreements to reduce the balance of local government bonds.

(27) Both types of test were calculated in recursive form according to the procedure
described by Hendry (1989).
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exceed the critical values, on occasions a progressive narrowing
of the gap can be observed. This indicates persistent or accumu-
lated anomalous observations in relation to the structure captured
by the demand equation.

The results of these tests include the following:

— The ALP equations, in their old and new definitions, ALP2, M3,
and M2 do not show signs of persistent instability, although they
do show some point instabilities.

— More doubtful cases exist, such as ALP, and M3, in which a
marked deterioration in stability occurred around 1985-1986.

— Lastly, the M3, M3, and M1 equations reflect a persistent instabi-
lity which shows up in a large number of point instabilities (not all
of them are significant), and in increasing values of the test with a
variable time -span, a consequence of the changes induced by
these point instabilities over time.

The tests do not distinguish between structural changes in the value
of the parameters and changes in the variance of the innovations. For
this reason, possible alterations in the coefficients were also evaluated by
analyzing their recursive estimates, although for reasons of space the
complete plot of these estimates has not been given. Even so, an idea of
this can be obtained from the estimates with different sampling periods
which appear in Appendix Il. Recursive analysis was very important in es-
tablishing a comparison between the results of the M3 and M3, aggrega-
tes and for obtaining information on the part played by Treasury note re-
pos over different periods of time. It was likewise important for the
comparison between ALP and ALP2.

In the estimates with samples up to 1987, the M3 equation has better
properties than the M3, equation, which differs from the former in that its
definition does not include Treasury note repos. This result implies that
during the early eighties Treasury notes repos acted essentially as a
monetary instrument that was a very close substitute for bank deposits.
As the eighties unfolded, and the interest rate on Treasury notes gra-
dually became detached from market rates, the results for M3 progressi-
vely deteriorated and its demand showed signs of instability. This revea-
led that, in private portfolios during this period, Treasury notes repos
were mainly exchanged for the block of tax- anonymous securities not in-
cluded in this definition. In contrast, M3,, during the second half of the
eighties, maintained a stable demand for money.
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Finally, comparison of ALP and ALP2 reveals that, during the period
before credit control, the incorporation into ALP of the stock of commer-
cial paper held by the public did not improve the behaviour of this aggre-
gate. However, the regularities in the demand for ALP, which experien-
ced a sharp break during the period of credit control, are largely
safeguarded in the ALP2 aggregate.
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DEMAND FOR MONEY AND THE VELOCITY
OF CIRCULATION

This section illustrates the relative weight of the variables included in
the specifications of the demand equations. The demand equations of the
monetary aggregates were reformulated in terms of velocity of circulation,
which is a normal representation for evaluating movements in the de-
mand for money. The effect on changes of this ratio of each of the varia-
bles explaining the demand was quantified. Appendix IV describes how
this breakdown was made. The results are given in Charts 1V.1, IV.2 and
IV.3. Five aggregates (ALP, ALP2, M3,, M2 and M1), which cover the
range of definitions of liquidity considered, were chosen for the break-
down and the demand equations which had the best overall properties
within the broad aggregates were used.

According to the breakdown, the fall in the velocity of circulation of the
broad aggregates is largely explained by real income which, in the last
five years, tended to dominate other effects due to its strong growth (28).
In the narrow aggregates (M1 and M2), however, the effect of income
was weaker and of a different sign compared with its effect on the broad
aggregates (29).

The main effect on M1 and M2 is from interest rates which accounted
for trend changes in velocity of circulation of both aggregates in the eigh-
ties. Thus, the alternative interest rate is the fundamental variable in ex-
plaining the depression in the demand for M1 and M2 after the process of

(28) With income-elasticities higher than unity, such as those estimated for ALP, ALP2
and M3,, a speed-up in growth of real income added to the fall in velocity of circulation.

(29) Anincome elasticity lower than unity increases the velocity of circulation when in-
come shows positive growth.
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IV.1.

BREAKDOWN OF THE VELOCITY OF CIRCULATION
OF THE MONETARY AGGREGATES
Average annual growth

ALP

ALP2
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IvV.2.

BREAKDOWN OF THE VELOCITY OF CIRCULATION
OF THE MONETARY AGGREGATES
Average annual growth

ALP

M3a
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IV.3.

BREAKDOWN OF THE VELOCITY OF CIRCULATION
OF THE MONETARY AGGREGATES
Average annual growth

M2

M1
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interest rate liberalization begun in 1977. Following this process, a large
portion of private savings, held as sight and savings deposits before libe-
ralization, was slowly transformed into term deposits. Later, under the
1987 liberalization, banks were able to increase the return offered on
sight deposits, and this changed the trend in the velocity of circulation of
these aggregates. The process was more pronounced in M1 than in M2
due to the rigidity of the return offered by savings deposits.

The contributions of the own interest rate and the alternative rate
have tended to offset each other in broad definitions of liquidity; however,
in very specific periods the net effect was quite significant in ALP and
ALP2. At the beginning of the decade, the liberalization of many of banks’
deposit rates resulted in a net contribution from interest rates which ex-
plained about two points of the fall in velocity in 1982. Later, the sharp
drop in interest rates between 1984 and 1986 slightly increased the velo-
city of ALP and ALP2 in net terms, returning to a negative contribution in
the last three years following a general rise in interest rates. In particular,
the increase in the aggregates’ own rate, which caused the so-called
“high-yielding accounts war”, led to a fall of about one point in velocity in
1990, although the alternative interest rate largely offset this effect.

The contribution of interest rates to the trend in velocity of M3, was
somewhat more moderate than with ALP and ALP2, as is to be expected
with an aggregate whose demand responds temporarily to interest rates
and has a nil response in the long run after making the portfolio readjust-
ments which have been frequent in this aggregate (30).

The contribution of inflation was more marked in the fall in the velocity
of M3, than in ALP and ALP2, due to the higher elasticity estimated in its
demand equation. In these three aggregates, the contribution of inflation
in 1989 and 1990 was positive due to the surge in that variable. The velo-
city of circulation of the narrow aggregates was hardly influenced by the
inflation rate, which only had a significant effect on this ratio in the period
(1986-1988).

In general, the determinants of each demand function explain chan-
ges in velocity reasonably well, except in the case of the narrowest ag-
gregates. In these, the unexplained part is greater due to a higher degree
of erraticism in the innovation of their equations and to the accumulation
of some large errors in certain periods (31).

(30) Subsection 111.3 proposes an explanation for these results.

(31) When analyzing velocity in terms of the annual average change, quarterly chan-
ges must be aggregated every four periods (see Appendix 1V), causing an accumulation of
errors which can sometimes be significant.
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An increase also took place in the unexplained part of changes in ve-
locity of ALP in 1990 and M3, in 1991. These anomalies were caused, on
one hand, by restrictions on bank credit which reduced the growth of ALP
to below the figure coherent with the demand determinants and led to a
distortion in the trend of the velocity of some three-and-a-half points. This
distortion hardly reached one point in ALP2 due to deviation of some
bank credit to the commercial paper market. Furthermore, the expected
fall in the velocity of M3, in 1991 was more than one point below the fig-
ure coherent with the basic determinants of its demand function. This is
an indication that the aggregate was affected by a financial disturbance
during the year, possibly linked to the flow of funds from tax-anonymous
instruments to assets included in M3,.
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CONCLUSIONS

This research has addressed the properties of money demand func-
tions for a broad range of monetary aggregates, covering the range of de-
finitions of liquidity from the narrowest (M1) to the broadest (ALP2) mea-
sure. These aggregates were constructed in line with the new criteria
incorporated in the 1992 reform of the monetary aggregates. In addition
to the five aggregates chosen to form the set of growth indicators of the
money supply and systematically published by the Banco de Espafia
(M1, M2, M3, ALP and ALP2), the properties of other definitions conside-
red as alternatives to the final aggregates were also described. The defi-
nitions of these aggregates are close to that corresponding to M3, which
is the aggregate most affected by the reform and which raised most
doubts at the time of its definition.

The sequential study of a broad range of aggregates disclosed subs-
tantial differences in the value of the elasticities affecting their long-term
trends. To be able to capture stable patterns in the secular relationship
that demand for the aggregates maintains with the final variables, it is
crucial to leave the income-elasticity parameter free. In the broadest ag-
gregates, this parameter take values in the region of 1.7 which is cohe-
rent with the existence of significant wealth effects; this elasticity falls in
the aggregates included in M3, although always remaining above 1; fi-
nally, the narrow aggregates (M1 and M2) show income elasticities
slightly above 0.5, in line with the prescriptions of the transactions de-
mand for money.

Very varied responses by demand for the aggregates to financial va-
riables were also observed. The narrowest aggregates are much more
sensitive to changes in the interest rates, both of the assets included in
their definition and of alternative financial instruments. As the definition of
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the aggregate broadened, these portfolio adjustments are neutralized
within the aggregate and sensitivity to interest rates diminishes; at the
same time, financial movements are partly captured in the inflation rate,
which approximates the opportunity cost of substituting financial assets
for real estate. Likewise, the increased integration of switching processes
between financial assets within the broadest monetary aggregates is re-
flected by the direct relationship between the size of the aggregates and
the degree of fit of the demand equations.

This fact, combined with an appreciably slower dynamics in relation to
price and income levels, significantly reduces the informativeness of the
narrowest aggregates (M1 and M2) in comparison with the other defini-
tions of liquidity considered, despite the fact that they maintain a stable
and well-defined long-run relationship with the final variables.

The joint evaluation of the results in terms of fit, dynamics, stability
and interpretability of the demand equations of the aggregates analyzed
leads to the conclusion that ALP and ALP2 show good properties and are
clearly distinguishable from the other narrower definitions of liquidity as
more accurate indicators of the relationship between money and nominal
expenditure. During the period prior to the credit restrictions, the incorpo-
ration into ALP of the stock of commercial paper held privately did not im-
prove its performance. However, the regularities of demand for ALP,
which underwent a sharp break during the period of credit control, were
largely safeguarded in the ALP2 aggregate.

In the comparison of ALP with its former definition prior to the 1992
reform (ALP,), no deterioration was observed in the properties of the ag-
gregate. Yet differences did occur in the long run: in ALP, the velocity of
circulation showed a more pronounced downward trend in the second
half of the eighties than did ALP,. These differences in the growth rates of
the velocity of circulation for ALP are explained, in terms of the estimated
demand equations, by higher long-term income elasticity, since the other
two factors that underlie this downward movement of the velocity show si-
milar parameters for both aggregates: a positive elasticity to its own inte-
rest rate in a period when this variable tended to increase constantly and
a negative elasticity to the inflation rate, while in the eighties the variable
had a clearly downward profile.

No improvements in the properties of the aggregates were observed
when some of the more doubtful components were excluded. Conversely,
a marked deterioration was noted in the stability and fit indicators for the
ALP, demand equation.

When the range of aggregates included in the harmonized definition
of M3 is analyzed, the worsening of the properties of these narrower ag-
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gregates is reflected mainly in the fit indicators, in a blurring of the link
with interest rates, in decreased stability, and particularly in the short-run
parameters and residual variance. This deterioration seems to be the re-
sult of the frequent flows of funds between financial assets that have af-
fected these aggregates. However, the relationship to the final variables
was maintained, with the degree of stability varying according to the ag-
gregate considered.

Considering the demand equations globally, M3, gives better results
than M3, M3, and M3, particularly with respect to tests for stability and
informativeness, measured by Pierce’s R%. Even so, in the estimates with
samples to 1987, the M3 equation has better properties than M3, which
excludes Treasury notes repos from its definition. This result implies that
in the early eighties Treasury note repos were essentially monetary ins-
truments that were very close substitutes for bank deposits.

As the eighties unfolded, and the interest rate on Treasury notes gra-
dually separated from market rates, the results for M3 deteriorated and its
demand showed signs of instability. These trends indicated that during
this period Treasury note repos in private portfolios were exchanged for
the block of tax-anonymous securities not included in this definition. In
contrast, during the second half of the eighties, M3, maintained a stable
demand for money.
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APPENDIX |

DEGREE OF INTEGRATION AND COINTEGRATION
RELATIONSHIPS BETWEEN THE VARIABLES OF THE MONEY
DEMAND EQUATIONS

The results of the analysis of the degree of integration of the variables
of the money demand equations (see tables in this appendix) are ambi-
guous, particularly with respect to monetary aggregates, income and pri-
ces (32). This ambiguity could be caused by the use of quarterly data, the
treatment of which could be better done by unit root tests in the seasonal
frequencies.

Based on the results of some of the tests it was decided to adopt the
following set of hypotheses:

— It is considered that broad aggregates in real terms, income and
the inflation rate are I(1) variables, with deterministic trends detec-
ted in some of them. Similarly, it is considered that the inflation
rate is first order integrated, although in this particular sample pe-
riod it would be better treated as a 1(0) variable around a down-
ward trend.

— The interest rates are I(1), except in the case of the own returns of
M1 and M2 which could be 1(2) variables .

— The narrow aggregates deflated by the CPI, however, appear to
be I(2) variables. Nonetheless, a cointegration relationship exists
between these aggregates and their rates of return (which can be
considered 1(2)) so the deviations with respect to this relationship
are 1(1).

(32) The critical values used are from MacKinnon (1991).
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Under this series of hypotheses it is possible to establish that:

a) Cointegration relationships exist between the broad aggregates
expressed in real terms, and interest and inflation rates, all of
them being I(1) variables.

b) A cointegration relationship exists between the narrow aggrega-
tes in real terms and their respective rates of return, which are
distributed as a I(1) variable. This, in turn, forms a cointegration
relationship with income and the alternative interest rates.

The test proposed by Banerjee et al (1986) was used to test for the
existence of these relationships. The test is based on the t-ratio of para-
meter a in expressions [lIl.1] of the text and its values are given in Ap-
pendix Il. The authors compare this test with other cointegration tests and
conclude that it is one of the most powerful. Even so, the problem is that
its distribution, under the alternative hypothesis of absence of cointegra-
tion, is not standard and therefore does not have tabulated critical val-
ues (33). For this reason, a criteria of prudence was followed in the appli-
cation of the test, under which rejection of the null hypothesis of absence
of cointegration requires the above-mentioned statistic to be over 3 in ab-
solute-value terms.

(33) See Dolado et al. (1991) on the asymptotic properties and finite samples of this
and other cointegration tests.
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(2]
w

Al1.

D><1=a+bt+gxl.1+§

UNIT ROOT TEST (augmented Dickey-Fuller; H, : y = 0)

3
deXl—j +asQ +eg
i=1

az0 f=z0 az0 =0 a=0p$=0
X Degree of integration

P a B Y a Y Y
AALP, 3| 0.07 @77 —0.52 (433 —1.40 (4.86) (a) 0.01 (1.88) —0.27 (2.01) —0.02 (0.94) 1(1) or 1(0) around a trend
AALP 1 0.05 (5.45) —0.28 (4079 —1.01 (5565) (a) 0.01 (206) —0.33 (2.18) —0.02 (0.90) 1(1) or 1(0) around a trend
AALP2 1 0.05 (5.67) —0.23 381y —1.04 (5.87) (a) 0.01 (2.36) —0.41 (2.46) —0.02 (0.81) 1(1) or 1(0) around a trend
AALP, 2| 0.02 (2.49 —0.05 (066) —0.62 (2.70) 0.02 264 —0.56 (2569) (C) —0.01 (0.51) I{1) or 10) W(g? :82/:3“” constant
AM3 1 0.03 (3.35) —0.17 217y —0.64 (3.59) (b) 0.01 (200) —0.29 (2.12) —0.02 (0.79) 1(1)

2 0.02 (2.29) —0.12 (1.46) —0.51 (2.51)
AMS3, 2| 0.03 (2.36) —0.09 (1.16) —0.62 (2549 0.02 (228) —0.44 (2.34) —0.02 (081) 1(1)
AMS3,, 2| 0.021.79 —0.09 (0.95) —0.46 (2.02) 0.01 (1.89) —0.80 (1.98) —0.02 (0.63) 1(1)
AM3, 2| 0.02 @217 —0.11 1.21) —0.56 (2.38) 0.01 (210 —0.85 2.17) —0.02 (0.59) 1(1)
AM2 2| 0.01@1.78) —0.09 (1.08) —0.42 (267) 0.01 (243 —0.40 (2.56) —0.04 (0.80) 1(1)
AM1 1 0.01 (2.01) —0.22 163 —0.57 (384 (b) 0.02 (311)  —0.49 (3.44) (b) —0.06 (1.00) 1(1) or 1(0) around a trend
AIPC 2| 0.03 @351 —0.42 (314 —0.78 (4.02) (b) 0.00 (1.02) —0.15(1.78) (b) —0.07 (2.24) (b) 1(1) or 1(0) around a trend

(a) Coefficient significant at 1 %.
(b) Coefficient significant at 5 %.
() Coefficient significant at 10 %.




9

A.l.1.  UNIT ROOT TEST (augmented Dickey-Fuller; Hy : y = 0) (continuation)
Dx, = b 2 d.Dx 2
t_a+ t+9><t.1+a i t-j+a§Qi+et
i=1
az0 fz0 az0 =0 a=0 =0
X Degree of integration
p a B ¥ o Y Y

AALPR, | 1 0.00 (1.03) 0.23 273 -0.98 (6.44) (a) 0.01 (3.48) —0.64 (3.74) (a) —0.17 (1.45) 1(0) with cc;ntsrteann; or around
AALPR | 2 0.00 (1.02) 0.24 2.31) —0.87 (4.06) (b) 0.01 (318) —0.51 (3.32) (b) —0.06 (062) 1(0) with cc;ntsrteann; or around
AALP2R| 1 0.00 (0.09) 0.47 (526) —1.28 (8.28) (Q) 0.01 (2749 —0.41 (2553) —0.03 (0.32) 1(1) o I{(0) around a trend
AALPR, | 2 | —0.00 (0.40 0.39 (2.89) —0.87 (3.84) (b) 0.01 2579 —0.32 (2.43) —0.06 (0.66) 1(1) o I{(0) around a trend
AM3R 1 0.00 (0.01) 0.35 402 —1.14(7.29) (a) 0.01 (3149 —0.56 (3.27) (b) —0.14 (1.19) 1(0) with cc;ntsrteann(; or around
AM3BR, | 2 | —0.00(0.13) 0.38 314 -0.97 (421) (a) 0.01 285 —0.36 (267) (C) —0.00 (0.03) (0) with cc;ntsrteann; or around
AMBR, | 2 0.00 (0.04) 0.35 @336 —1.13 472 (a) 0.01(3.09) —0.51 (3.03) (b) —0.10 (0.89) 1(0) with cc;ntsrteann; or around
AMBR, | 2 0.00 (0.07) 0.35 (3220 —1.05 (4.46) (Q) 0.01 (298) —0.44 (2.86) (C) —0.01 (0.09) 1(0) with cc;ntsrlann(; or around
AM2R 2 | —0.01 (1.66) 0.35 (2.13) —0.50 (2.66) 0.00 (1.08y —0.18 (1.53) —0.15 (1.31) 1(1)
AMIR 1| —0.01 (1.86) 0.55 (2377 —0.56 (2.92) 0.00 (1.00) —0.20 (1.62) —0.16 (1.38) 1(1)

(@
(b)
©)

Coefficient significant at 1 %.
Coefficient significant at 5 %.
Coefficient significant at 10 %.




A.l.2.  UNIT ROOT TEST (augmented Dickey-Fuller; Hy : y = 0)

Dx, :a+bt+gp<t_l+§ dext_j +€

<99

j=1
a=0 B=0 ax0 =0 a=0 =0
X Degree of integration
p a B Y p o Y p Y

rP(ALP,) | 1 0.39 (2.47) —0.00 (1.23) —0.06 (2.02) 1 0.36 (2.32) —0.06 (2.26) | 1 0.00 (0.31) 1(1)
rP(ALP) | 1 0.40 (2.46) —0.08 (1.055y —0.06 (2.02) 1 0.39 (2.40) —0.07 233 | 1 0.00 (0.40) 1(1)
rP(ALP2)| 1 0.40 (2.45) —0.00 (0.86) —0.06 (2.04) 1 0.40 (2.44) —0.07 237) | 1 0.00 (0.38) 1(1)
rP(ALP,) | 1 0.38 (2.43) —0.00 (0.929 —0.06 (2.10) 1 0.35 (2.31) —0.06 2.26) | 1 0.00 (0.22) 1(1)
rP(M3) 1 0.38 (2.46) —0.00 (1.18) —0.06 (2.07) 1 0.35 (2.29) —0.06 (223 | 1 0.00 (0.32) 1(1)
rP(M3,) | 1 0.37 (2.42) —0.00 (1.06) —0.06 (2.08) 1 0.33 (2.249) —0.06 219) | 1 0.00 (0.23) 1(1)
rP(M3,) | 1 0.37 (2.42) —0.00 (1289 —0.06 (2.07) 1 0.31 (214 —0.06 (208) | 1 0.00 (0.26) 1(1)
rP(M3;) | 1 0.37 (2.42) —0.00 (1.26) —0.06 (2.08) 1 0.31 (214 —0.06 (209) | 1 0.00 (0.23) 1(1)
rP(M2) 2 0.17 (1.54) 0.00 (169) —0.12 (1.86) 2 0.17 (153 —0.09 (145 | 3 0.01 (0.91) I(1) or I(2) (a)
rP(M1) 4| -0.18 (2.38) 0.01 2149 0.08 (214 3 0.01 (0.12) —0.03 (070) | 3 0.03 (1.49) (1) or I(2) (a)
r* (b) 4 2.25 (2.75) —0.02 (216) —0.16 (2.61) 4 1.01 (166) —0.10(1.73) | 4 | —0.00 (057) 1(1)
r* (M2) 1 0.87 (2.61) —0.01 (2599 —0.07 (2.32) 1 0.28 (1.08) —0.03(110) | 1 | —0.00 (0.25) 1(1)
A (M1) |1 0.58 (2.49) —0.00 (210) —0.06 (2.10) 1 0.37 (1.71) —0.05 (169 | 1 0.00 (0.08) 1(1)
APIB 2 | —0.00 (0.58) 0.19 (286) —0.81 (393 (2)| 2 0.00 (1.96) —0.38 (251) | 4 | —0.06 (0.63) 1(1) or 1(0) around a trend

(a) The unit root tests do not determine if the changes in these interests rates are variables I(1) or 1(0).

(b) Alternative interest rate of broad aggregates (ALP’s and M3’s).

(1) Coefficient significant at 1 %.

(2) Coefficient significant at 5 %.

(3) Coefficient significant at 10 %.




APPENDIX II

ERROR CORRECTION MODELS FOR THE MONETARY

AGGREGATES CONSIDERED (34)

This appendix presents the results of the linear estimate of the error
correction models corresponding to the demand equations of the ten ag-
gregates considered (estimates of expression [lll.1] of the main text) for
four different sample periods. The implied long-run solution is given for

each model.

Definitions of the variables and symbols appearing in the tables are

given below:

Qq:
ICqs 3!

lgg.4:

Sg7.2:

log (real GDP).
log (CPI).
own interest rate.

interest rate on marketable medium- and long-term public
debt. For M1 and M2, the return on the assets in ALP not in-
cluded in M1 and M2 respectively are also incorporated.

seasonal dummy variables, in deviations to fourth quarter.

variable with value one in 1985.1ll, value -1 in 1985.1V and
zero in the remainder.

variable with value one in 1989.1V and zero in the rest.

variable with value zero until 1987.1 and value 1 from that
date.

(34) The t-ratio for each parameter appears in brackets in the tables.
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R?: coefficient of determination.

Se standard deviation of equation errors.
Q(4): Box-Pierce-Ljung correlation statistic of fourth order in the
residuals.

ARC(4): auto-regressive heteroscedasticity of fourth order.

B — J(2): Bera-Jarque normality test.



Al

ALP, DEMAND EQUATION

Linear estimation

ERROR CORRECTION MODEL

D(alp, — p) =k +a(alp, — py_1 + by _1 + borf_q +b,Dp; + Dy, +

2 5
+0,Q D +dy(Dri,+ & Drisy) +5,Q1 +5,Q2 +5,Q3 + ¢

i=1

i=4

78.111-87.11 78.111-88.11 78.111-89.11 78.11-90.1V
k —2.09 (4.80) —2.17 (5.11) —1.95 (5.05) —0.20 (0.57)
a —0.28 (6.13) —0.28 (4.75) —0.27 (5.74) —0.10 (1.83)
b, 0.43 (5.52) 0.44 (5.47) 0.41 (5.42) 0.09 (1.17)
b, 0.38 (3.00) 0.38 (2.89) 0.36 (2.79) —0.15 (1.02)
b, —0.64 (7.85) —0.62 (7.25) —0.67 (9.39) -0.88 (7.75)
d; 0.30 (4.00) 0.29 (362 0.28 (3.61) 0.19 (1.39)
d, 1.36 (3.40) 1.22 (4.85) 1.05 (5.26) 1.21 3.70)
d; -0.34 (7.17) —0.30 (6.43) —0.27 (7.03) —0.31 (4.85)
S, —0.42 (4.54) —0.49 (5.35) —0.46 (5.63) —0.44 (3.31)
S, 0.03 (0.33) 0.08 (1.02) 0.40 (0.55) 0.15 1.13)
S3 0.25 (3.40) 0.25 (3.43) 0.27 (7.03) 0.30 (2.63)
S (%) 0.24 0.26 0.25 0.45
R? 0.96 0.95 0.95 0.85
Q) 6.71 3.07 2.73 4.35
ARC(4) 4.47 0.91 3.93 4.45
B-J(2) 0.76 1.73 1.29 1.68
UNDERLYING LONG-RUN RELATIONSHIP
alpy, ¢ =GP + G + BrT + DRy
[ 1.00 1.00 1.00 1.00
o} 1.54 1.57 1.53 0.90
o} 1.36 1.36 1.33 -1.50
oA -2.29 -2.21 —-2.48 -8.80
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A.ll.2. ALP DEMAND EQUATION

Linear estimation

ERROR CORRECTION MODEL

D(alp —p) =k +a(alp—p}_1 +byy,_1 +b,rf_ 1 +byDp; + diDy, +

2 5
+0,§ Df_+dyDrf o+ § Driy) +5,QL +5,Q2 +55Q3 + ¢

i=1

i=4

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1V
k —2.26 (4.29) —2.35 (4.45) —2.42 (4.87) —0.82 (1.39)
a —0.26 (5.17) —0.26 (4.79) —0.26 (4.91) —0.13 (2.01)
b, 0.44 (a.78) 0.45 (4.63) 0.46 (4.96) 0.19 (1.68)
b, 0.28 (2.12) 0.29 (2.02) 0.28 (2.06) —0.13 (0.76)
b, —0.63 (6.79) —0.61 (6.04) —0.58 (6.90) —0.82 (7.30)
d; 0.31 (350) 0.30 (3.14) 0.30 (3.25) 0.28 (2.01)
d, 1.31 (2.76) 1.11 (3.60) 1.24 (5.48) 1.03 (3.27)
d; —0.34 (6.12) —0.28 (5.01) —0.30 (6.53) —0.30 (4.60)
S, —0.40 (3.80) —0.48 (4.35) —0.47 (s.01) —0.34 (2.61)
S, 0.05 (0.56) 0.13 (1.33) 0.14 1.57) 0.15 1.22)
S3 0.22 (2.63) 0.21 (2.33) 0.19 (2.42) 0.19 (1.70)
S¢ (%) 0.28 0.31 0.29 0.44
R? 0.94 0.94 0.94 0.86
Q) 451 3.89 251 4.47
ARC(4) 1.77 3.25 4.07 8.07
B-J(2) 0.09 0.12 0.01 0.91
UNDERLYING LONG-RUN RELATIONSHIP
alp = gopy + @Yy + Brf + gsDp;
% 1.00 1.00 1.00 1.00
o} 1.69 1.73 1.77 1.46
[0} 1.08 1.12 1.08 -1.00
[} —-2.42 -2.35 -2.23 —-6.31

70




A.lL3. ALP2 DEMAND EQUATION

Linear estimation

ERROR CORRECTION MODEL

D(alp2 — p) =k +a(alp2 — p)_1 +byy;_1 +borf_; +bDp; + Dy, +

2 5
+0,Q D +dy(Dri,+ & Drisy) +5,Q1 +5,Q2 +5,Q3 + ¢

i=1

i=4

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1V
k —2.48 (4.37) —2.28 (4.29) —2.56 (4.90) —2.56 (4.54)
a —0.25 (5.06) —0.27 (5.10) —0.28 (5.02) —0.30 (4.90)
b, 0.46 (4.76) 0.45 (4.66) 0.49 (5.02) 0.50 4.73)
b, 0.31 (2.34) 0.40 (2.83) 0.40 (2.65) —0.39 (2.43)
b, —0.65 (6.77) —0.66 (6.28) —0.59 (6.08) —0.71 (6.93)
d; 0.33 (3.68) 0.36 (3.54) 0.36 (3.39) 0.37 (2.94)
d, 1.06 (2.15) 0.10 (0.30) 0.61 (2.21) 0.51 (1.76)
d; —0.31 (5.40) —0.24 (4.56) —0.32 (5.88) —0.32 (5.36)
S, —0.38 (3.52) —0.44 (3.82) —0.43 (3.84) —-0.32 (2.71)
S, 0.04 (0.46) 0.11 (1.11) 0.16 (1.61) 0.20 (1.77)
S3 0.24 (2.69) 0.23 (2.56) 0.18 (1.90) 0.15 (1.46)
S (%) 0.28 0.32 0.34 0.40
R? 0.94 0.92 0.92 0.88
Q4) 5.75 3.81 3.45 5.06
ARC(4) 0.75 1.89 0.58 4.03
B-J(2) 0.05 0.25 0.64 0.39
UNDERLYING LONG-RUN RELATIONSHIP
alp2; = g + g + GBIt + %DRy
[ 1.00 1.00 1.00 1.00
o} 1.84 1.67 1.75 1.67
o} 1.24 1.48 1.42 -1.30
oA -2.60 —-2.44 -2.11 -2.36
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A.llL4.  ALP, DEMAND EQUATION
Linear estimation

ERROR CORRECTION MODEL

2
D(alpy — p) = k +a(alp, — p}_1 + by, 1 + byDp +dr§ Drf_; +
i=0

+ daDyrf_ 1+ 51QL + 5,Q2 + 55Q3 +iglCq5 3 + &

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1V

-1.16 (2.17) —1.69 (3.92) —1.48 (3.28) —1.71 (3.26)
a —0.14 3.13) —0.14 (3.03) —0.14 (2.95) —0.18 (3.45)
b, 0.23 (2.70) 0.29 (3.76) 0.27 (3.25) 0.32 (3.39)
b, —0.68 (4.44) —0.59 (3.99) —0.75 (5.93) —0.80 (5.72)
d, 0.68 (1.85) 1.03 3.72) 1.03 (3.94) 1.04 (3.48)
d; —0.15 (2.12) —0.12 (1.80) —0.08 (1.23) —0.10 (2.30)
S, —0.69 (3.96) —0.81 (4.95) —0.65 (4.27) —0.60 (3.66)
S, —0.15 (1.04) —0.09 (0.69) —0.09 (0.67) —0.05 (0.28)
S3 0.70 (5.15) 0.70 (5.33) 0.67 (4.98) 0.73 (4.80)
i -1.35 @3.71) —1.25 (3.46) —1.40 (3.61) —1.51 (3.30)
Se (%) 0.44 0.44 0.48 0.58
R? 0.87 0.90 0.88 0.83
Q4) 2.82 3.84 1.53 3.81
ARC(4) 8.40 1.90 2.56 9.52
B-J(2) 0.67 0.55 1.18 0.04

UNDERLYING LONG-RUN RELATIONSHIP
alp, = P + Grye + GDP;

(s} 1.00 1.00 1.00 1.00
(s 1.64 2.07 1.93 1.78
(o -4.86 -4.21 -5.35 —4.44
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A.lLS.

M3 DEMAND EQUATION

Linear estimation

ERROR CORRECTION MODEL

2
D(M3 —p) =k +a(m3—p)_; +byy,_y +bDp + 0§ 1Py +dy(Dry_, +

+Dri_y) + h;Dm3,_; + hyDm3,_, +5,Q1 +5,Q2 +5,Q3 +¢

i=1

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1IV
k —0.42 (0.94) —0.36 (1.33) —0.65 (3.11) —0.86 (3.56)
a —0.14 (4.11) —0.14 (3.69) —0.15 (3.93) —0.19 (4.50)
b, 0.14 2.21) 0.14 (2.75) 0.17 (3.78) 0.23 (4.16)
b, —0.81 (6.89) —0.84 (6.39) —0.74 (6.70) 0.76 (6.07)
d, 1.20 (2.15) 0.84 (2.05) 1.05 (2.86) 1.46 (3.73)
ds —0.29 (3.27) —0.22 (2.27) —0.29 (3.17) —0.37 (3.41)
h; 0.33 (2.39) 0.20 (1.33) 0.28 (2.18) 0.05 (0.40)
h, —0.35 (2.42) —0.20 (1.36) —-0.22 (1.57) —0.12 (0.93)
S, —0.69 (4.26) —0.63 (3.74) —0.68 (4.29) —0.56 (3.36)
S, 0.11 (0.79) 0.14 (0.93) 0.20 (1.54) 0.17 (1.09)
S3 0.70 (4.87) 0.54 (3.82) 0.54 (3.98) 0.48 (3.19)
S. (%) 0.35 0.42 0.42 0.52
R? 0.92 0.88 0.88 0.82
Q4) 5.10 6.67 3.78 4.96
ARC(4) 6.03 5.09 5.38 6.80
B-J(2) 0.67 0.34 0.68 0.66
UNDERLYING LONG-RUN RELATIONSHIP
M3, = chy + Gy + DR
% 1.00 1.00 1.00 1.00
[N 1.00 1.00 1.13 121
o -5.79 -6.00 -4.93 -4.00

73



A.llL6. M3, DEMAND EQUATION
Linear estimation

ERROR CORRECTION MODEL

D(M3,—p} =k +a(m3, - pk_1 + byy,_ 1 + byDp; + dDrf_ +

+ d3Dyrf_ 1 + 51QL + 5,02 +55Q3 +iglCq5 3 + &

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1V

—1.16 (1.74) —1.54 (3.57) —1.45 (3.79) —1.63 (3.74)
a —0.15 3.14) —0.16 (3.37) —0.15 (3.45) —0.19 (3.89)
b, 0.24 (2.31) 0.29 (3.66) 0.27 (3.75) 0.32 (3.86)
b, —0.63 (3.40) —0.55 (3.65) —0.60 (5.44) —0.68 (5.90)
d, 1.07 (1.03) 1.49 (2.40) 1.56 (2.97) 1.90 (3.44)
d; —0.13 @.77) —0.11 (1.73) —0.10 (1.76) —0.14 (2.19)
S, —-0.73 (3.79) —0.81 (4.94) —0.74 (5.39) —0.67 (9.71)
S, —0.12 (0.78) —0.05 (0.35) —0.05 (0.42) —0.00 (0.07)
S3 0.68 (4.83) 0.66 (5.01) 0.65 (5.35) 0.64 (4.85)
i —1.19 (3.06) —1.08 (3.05) —1.14 (3.38) —1.24 (3.19)
Se (%) 0.46 0.45 0.43 0.51
R? 0.86 0.88 0.88 0.85
Q4) 4.40 2.36 2.47 4.98
ARC(4) 4.96 4.06 3.90 5.09
B-J(2) 0.83 0.74 0.84 0.46

UNDERLYING LONG-RUN RELATIONSHIP

M3, = Gy + Gyt + 0Py

(s} 1.00 1.00 1.00 1.00
(s 1.60 181 1.80 1.68
o -4.20 -3.44 -4.00 -3.58
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A.llL7. M3, DEMAND EQUATION
Linear estimation

ERROR CORRECTION MODEL

2
D(m3p,— p} = k +a(m3, —py_y + by, 1 +bDp; + diDy+ dy§ Dif_; +

i=0

4
+d3Q Drf ;i +5,Q% +5,Q2 +53Q3 +iglCgs 3 + &
i=2

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1IV

-1.04 (2.21) —0.62 (1.91) —0.73 (3.07) —0.86 (2.90)
a —0.18 (4.11) —0.18 (4.03) —0.18 (4.28) —0.18 (3.52)
b, 0.24 (3.18) 0.19 (3.03) 0.20 (3.83) 0.22 (3.29)
b, —0.67 (4.47) —0.70 (4.71) —0.66 (5.53) —0.63 (4.32)
d; 0.25 (2.04) 0.26 (2.07) 0.27 (2.23) 0.26 (1.67)
d, 1.00 (2.56) 0.48 (1.75) 0.59 (2.66) 0.91 (3.37)
d; —0.20 (2.66) —0.18 (2.55) —0.19 (3.35) -0.23 (3.29)
S —0.66 (3.95) —0.67 (4.20) —0.67 (4.81) —0.73 (4.47)
S, —0.20 (1.45) —0.09 (0.72) —0.07 (0.60) 0.04 (0.26)
S3 0.64 (4.84) 0.60 (4.62) 0.60 (5.03) 0.66 (4.41)
ig —0.76 (2.23) —0.75 (2.15) —0.77 (2.30) —0.87 (2.00)
Se (%) 0.42 0.43 0.42 0.56
R? 0.89 0.88 0.88 0.81
Q4) 1.93 1.10 1.25 5.12
ARC(4) 3.52 5.33 5.50 7.30
B-J(2) 0.39 1.01 1.48 1.53

UNDERLYING LONG-RUN RELATIONSHIP
M3y, = Py + Gy + 4D

o} 1.00 1.00 1.00 1.00
[N 1.33 1.06 1.11 1.22
o -3.72 -3.89 -3.67 -3.50
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A.ll.8. M3, DEMAND EQUATION
Linear estimation

ERROR CORRECTION MODEL

D(m3; — p) = k +a(m3; — p)_1 + byy; 1 + byDp, + dyDy,+ D0, +

4
+ 038 Drf_ i +5:QL +5,Q2 +55Q3 +iglCgs 3 + &
i=2

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1IV
k —0.58 (1.05) —0.85 (1.91) —1.91 (2.63) —1.24 (3.16)
a —0.15 (2.67) —0.16 (2.95) —0.16 (3.28) —0.19 (3.35)
b, 0.16 1.72) 0.20 (2.43) 0.21 (3.00) 0.27 (3.31)
b, —0.60 (3.34) —0.58 (3.48) —0.58 (4.46) 0.54 (3.65)
d; 1.28 (1.86) 0.28 (1.87) 0.29 (2.05) 0.22 (1.31)
d, 0.70 (0.90) 0.23 (0.43) 0.41 (0.83) 1.22 (2.23)
dy —0.18 (2.13) —0.14 (2.20) —0.13 (2.34) —0.16 (2.28)
S, —0.74 (3.70) —0.80 (4.38) —0.76 (4.83) —0.77 (4.45)
S, —0.17 (1.03) —0.13 (0.81) —0.10 (0.70) —0.03 (0.18)
S3 0.66 (4.03) 0.71 (4.76) 0.69 (5.08) 0.71 (4.42)
o —0.96 (2.33) —0.90 (2.28) —0.94 (2.53) -1.03 (2.27)
S (%) 0.50 0.49 0.48 0.60
R? 0.85 0.86 0.85 0.79
Q4) 1.97 1.52 0.70 2.01
ARC(4) 0.17 3.45 4.97 6.94
B-J(2) 0.52 0.87 1.37 1.04

UNDERLYING LONG-RUN RELATIONSHIP

M3, = &Py + Gyt + HDP

(s} 1.00 1.00 1.00 1.00
(s 1.07 1.25 131 1.42
o -4.00 -3.63 -3.63 -2.84
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A.ll.9. M2 DEMAND EQUATION
Linear estimation

ERROR CORRECTION MODEL

D(M2 —p) =a(m2 — py_q +byyy_q +byrf_; +bgrg_; + hD(M2 —p)_; +

2
+hyD(M2 = p)_ 5 + d,DrP + dy(DrfSgy 5) + dygD’py + dy @ Dy +

i=1
+51Q1; + 5,Q2 + 53Q3; + iglgg 4+ €

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1V
a —0.05 (2.98) —0.06 (3.32) —0.07 (3.6) —0.07 (3.72)
b, 0.03 (3.04) 0.04 (3.46) 0.04 (3.63) 0.04 3.97)
b, 0.93 (2.79) 0.56 (2.35)
b, —0.92 (2.46) —0.49 (3.03) —0.53 (2.96) —0.63 (3.76)
hy 0.61 (3.91) 0.60 (3.96) 0.47 (3.08) 0.33 (2.38)
h, —0.27 (1.98) —0.23 (1.76) —0.25 (1.88) —0.24 (1.79)
d, —0.90 (0.56) 1.78 (1.66)
d; —2.56 (1.18) —2.22 (2.46) —1.24 (1.44) —1.83 (1.96)
dyg —1.02 (4.92) —1.00 (4.84) —0.90 (4.53) —0.85 (3.86)
d, —0.35 (1.93) —0.33 (1.90) —0.34 (1.99) —0.38 (1.96)
S, —1.87 (5.45) —1.93 (5.65) —1.75 (4.53) —1.74 (5.06)
S, 1.59 (3.17) 1.48 (3.27) 1.14 (2.49) 0.83 (2.00)
S3 1.15 (2.34) 1.32 (2.79) 1.29 (2.68) 1.26 (2.52)
ig —2.72 (2.83)
Se (%) 0.65 0.66 0.68 0.77
R? 0.94 0.94 0.94 0.93
Q(4) 2.56 1.96 2.62 6.00
ARC(4) 12.30 17.00 17.10 20.90
UNDERLYING LONG-RUN RELATIONSHIP
M2 = Gy + QY + Grf + Gaft
o} 1.00 1.00 1.00 1.00
[N 0.63 0.64 0.63 0.63
% 13.85 8.00
(o8 —7.44 -8.50 -8.15 8.99
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A.l1.L10. M1 DEMAND EQUATION
Linear estimation

ERROR CORRECTION MODEL

D(m1—p)=a(ml—p)_;+by, 3 +byrf | +bgrf ; +
1
+hyD(M1 — p) _y + d,Drf + dy(DriSg; ) + 4@ Dpy_; +
i=0

+51Q1 + 5,Q2 + 5303, + ilgg 4+ €

78.111-87.11 78.111-88.11 78.111-89.11 78.111-90.1IvV
a —0.09 (2.95) —-0.10 (3.45) -0.11 352 —-0.10 @357
b, 0.05 (2.95) 0.06 (3.54) 0.06 (3.47) 0.06 (3.71)
b, 1.69 (3.04) 1.16 (2.95)
b, —0.71 (2.36) —0.93 (3.26) -0.89 (2.84) —-0.87 (3.37)
h; 0.41 (2.82) 0.46 (3.38) 0.30 (219 0.22 (1.80)
d, -0.11 (0.04) 4.94 (3.48)
d; —-0.93 (0.22) -4.32 (2.10) —-2.01 (1.10) -3.27 (1.82)
d, —0.55 (2.66) -0.55 (2.61) —0.60 (3.03) -0.60 (2.87)
S 4.38 (10.53) —4.38 (11.24) -3.91 (11.12) -3.80 (11.43)
S, 3.09 (4.16) 3.26 (4.92) 2.51 (3.84) 2.28 (1.35)
S3 0.17 (0.41) 0.20 (0.50) 0.47 (@.18) 0.54 (1.35)
i -3.14 (2.36)
S (%) 1.07 111 1.12 1.21
R? 0.90 0.90 0.90 0.90
Q4) 6.22 9.78 6.05 1.88
ARC(4) 15.30 17.70 18.30 24.80

UNDERLYING LONG-RUN RELATIONSHIP

M1, = Gpy + G + BIf + Gy

@ 1.00 1.00 1.00 1.00
o 0.55 0.55 0.53 0.53
% 15.36 11.26
N -7.98 -8.94 -8.09 -8.45
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APPENDIX III

STABILITY TESTS ON THE MONEY DEMAND EQUATIONS

Charts A.lIl.1 to A.ll1.10 show three indicators for each aggregate

considered:

A) The residuals of the equation estimated for the 1978.111-1989
sample normalized by their standard deviation.

B) Stability tests one period in advance, obtained recursively and
normalized with respect to the critical value corresponding to an
F (1, t— k) to a level of significance of 5 %

RSS;.; — RS$
Fii_x= t—k); t= t,...,T-1
1t-k RSS, (t-k) 1

where: t; = initial sample period, T = total sampling period and
RSS,, = sum of squares of the residuals of the first n observa-
tions.
This test detects point instabilities within the considered sample
period.

C) Stability tests of variable time-span, obtained recursively by suc-

cessive incorporation of observations to the evaluation period of
the stability of the model. The values obtained appear normali-
zed with respect to the critical value of an F (j, t; — k), correspon-
ding to a level of significance of 5 %.

£ RSSu -RS§L-ko L
jti-k RSStl J ’ ’ 1 1
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The evaluation of the stability of a model by the recursive calcu-
lation of this test is particularly suitable for detecting persistent
instabilities which indicate the existence of structural changes.

Finally, Table A.lll.1 gives the prediction errors one period in advan-
ce, obtained with the demand equations of the aggregates taken for the
eight quarters of the 1989.111-1991.11 period. Table A.1ll.2 gives the “t” sta-
tistics associated with each of the prediction errors in Table A.l11.1.
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A.lllLl. ALP, DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations




A.lll.2.  ALP DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations




A.llL3. ALP2 DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations
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A.lllL4.  ALP, DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations
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A.lIL5. M3 DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations




A.lllL6. M3, DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations




A.lllL7. M3, DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations




A.lll.8. M3, DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations
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A.lllL9. M2 DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations
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A.ll.10. M1 DEMAND EQUATION

A. Standardized residuals

B. One-step ahead recursive stability tests

C. Stability test adding successive observations




T6

A.lll.L1. RECURSIVE PREDICTION ERRORS

1989111 1989.1v 1990.1 199011 1990111 1990.1V 1991.1 19914 Suma
ALPy, -1.24 —2.50 —2.43 -0.93 —2.27 —2.29 -0.02 -1.15 -12.83
ALP2 -0.74 -1.35 -0.29 0.58 -0.96 -0.82 0.65 -0.18 -3.11
ALP -0.97 -1.69 -1.28 -0.96 —2.54 -2.43 -0.39 -1.28 -11.54
ALP, 1.02 -1.88 -0.51 0.46 -1.20 -0.74 1.33 0.97 -0.55
M3 1.31 -1.05 1.46 1.70 -0.17 -0.47 1.73 1.75 6.26
M3, 0.41 —1.42 -0.34 1.01 -1.17 -0.75 0.89 0.94 -0.43
M3y, 1.25 -1.26 0.11 2.13 0.36 0.78 2.22 2.36 7.95
M3, 0.81 -1.53 0.28 2.24 0.34 0.63 2.21 2.06 7.04
M2 -0.83 -2.33 0.29 2.83 —2.70 -1.00 -0.18 -3.40 -8.32
M1 -0.74 —2.04 1.31 5.16 —2.38 -1.90 1.01 -3.73 -3.22




6

AlllL2, T STATISTICS

ALP,
ALP2
ALP
ALP
M3
M3
M3,
M3
M2
M1

1989 11 1989.1V 1990.1 1990.11 1990.111 1990.1V 1991.1 1991.11
-3.79 -7.73 —6.31 -2.20 -5.37 -5.19 -0.03 —2.96
-1.64 -3.24 -0.68 1.31 -1.98 -1.75 1.45 -0.40
-2.55 -4.75 -3.39 -2.43 -6.07 -5.61 -0.91 -3.17
1.68 -3.14 -0.90 0.79 -1.84 -1.14 2.18 1.42
2.55 -1.91 2.64 3.36 -0.29 -0.83 3.29 2.83
0.76 —2.62 -0.67 1.94 —2.02 —2.31 1.70 1.68
2.38 —2.44 0.22 4.00 0.63 1.37 7.45 412
1.37 —2.61 0.48 3.70 0.55 1.01 3.68 3.28
-0.95 —2.48 0.28 1.76 —2.10 -0.74 -0.14 -2.20
-0.52 -1.30 0.80 1.93 -1.14 -0.91 0.45 -1.48




APPENDIX IV

BREAKDOWN OF VELOCITY OF CIRCULATION OF THE
MONETARY AGGREGATES

This appendix reformulates the money demand equations in terms
of velocity of circulation to obtain the effect of each variable on the
trend of this ratio. This is based on expression [I1.3] in the main text,
rewritten in terms of the inverse of the velocity (in logarithms):

Dm-p-y)=k+am-p-gy-grf—g?-gpl_; +
+ [dy(L) — 11Dy, + dy(L)Drf + d(L)Drf + d,(L)Dp, + &

Finding (m — p — y), and applying fourth-order differences (D,) on both
sides of the equation, thus cancelling out most of the seasonal trend,
gives:

D(m-p-y)y=@Q+a)D(Mm-p-y)_;+a(l-g)Dy;_ ; +
+[d;(L) — 1]D,Dy, — a[g,D,r” + gDur* + g,D4p),_ 1 +

+ dp(L)D,D + dy(L)D,Dr + dy(L)D,D°p; + Dyey

or:

D! :91(|-) DLy, +gz(|-) D +93(|-) D

ho — hL)  hQ)

a
4+

[AIV.1]

L
+ g4(L) Db

1
O
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where:

Vo= (m-p-y)

h(L) =1-(1+a)L
g:(L)=[dy(L)-1]D+a(l-g)L
0o(L) =dy(L)D—-aglL

g3(L) = ds(L)D—agL

g4(L) = dy(L)D—ag,L

Expression [A.IV.1] explains the year-on-year changes in the inverse
of the velocity based on the effect of each of the variables occurring in
the demand for real balances. The trend in the velocity in terms of chan-
ges in the annual mean can also be obtained by aggregating [A.IV.1]
every four periods (35). Tables A.IV.1 to A.IV.5 give the mean changes in
velocity (p + y — m), and the effect of the arguments of the money de-
mand function for aggregates: ALP, ALP2, M3,, M2 and M1.

(35) When this aggregation is made, an accumulation of errors also occurs which can
occasionally cause a significant discrepancy between the change observed in the velocity
and the change explained by the equations.
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G6

A.lV.1. BREAKDOWN OF THE GROWTH RATE OF THE VELOCITY OF CIRCULATION
OF ALP ACCORDING TO THE ARGUMENTS OF ITS DEMAND FUNCTION

ALPr;?elocity blj_/ngrx]:rij Unexplained lncon’(:z)effect Infla ti?g) effect lnteé'?fztc {a te Oévgercat te Altg)"?écrta te
1=2+3 2=4+5+6 3 4 5 6=7+8 7 8
1982 —2.04 -1.70 —0.33 0.29 —0.23 -1.76 —0.48 -1.28
1983 -1.20 -1.96 0.77 —0.65 -0.79 —0.52 —-0.22 -0.31
1984 -1.68 -1.15 —0.53 —0.63 —0.63 0.11 —0.11 0.22
1985 —2.62 —2.64 0.02 -1.67 -1.05 0.08 1.20 -1.12
1986 -0.77 -1.07 0.30 -1.36 —-0.24 0.53 1.34 -0.81
1987 —2.28 —2.30 0.02 —1.59 —1.45 0.74 0.58 0.16
1988 -3.56 -3.44 —0.12 —-3.78 —0.46 0.80 —0.42 1.22
1989 -3.57 -4.05 0.48 -3.77 0.57 —0.85 -0.57 -0.28
1990 -0.92 —4.53 3.61 —4.28 0.09 —0.34 —-1.18 0.84
1991 (p) -3.13 -3.76 0.63 —-3.23 —0.29 —0.25 0.01 —0.26

(a) Subsumes the effect of a long-run income elasticity greater than one (1.77) and the dynamic adjustment of the nominal balances to changes in income.
(b) Subsumes the effect of the inflation rate and the dynamic adjustment of the nominal balances to changes in the price level.
(p) Estimate made in accordance with the monetary policy hypotheses for 1992.
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Allv.2. BREAKDOWN OF THE GROWTH RATE OF THE VELOCITY OF CIRCULATION
OF ALP2 ACCORDING TO THE ARGUMENTS OF ITS DEMAND FUNCTION

1982
1983
1984
1985
1986
1087
1988
1989
1990
1991 (p)

ALPr;}eelocity blj_/ngr;:]aer% Unexplained lnconzz)effect Inflation effect lnteer?fzrc {a fe Oév#ercat fe Altgl;écrta fe

1=2+3 2=4+5+6 3 4 5 6=7+8 7 8

—2.04 -1.99 —0.04 0.25 -0.21 —2.03 0.71 -1.32
—1.50 —2.23 0.73 —0.72 —0.77 —0.75 —0.48 —0.27
—2.35 -1.37 —0.98 —0.65 —0.59 —0.13 -0.38 0.25
—2.98 -3.21 0.23 -1.69 -1.01 —0.51 0.65 -1.16
—-1.13 —-1.32 —0.20 —1.41 —0.19 0.28 1.06 —0.78
—2.19 —2.21 0.02 -1.71 —1.42 —0.92 —-0.72 0.20
—2.40 —2.86 0.46 -3.78 -0.40 1.31 0.06 1.25
—3.96 —3.65 —0.31 —-3.67 0.58 —0.56 -0.23 0.33
—-3.17 —4.12 0.94 —4.10 0.07 —0.09 -0.94 0.85
-4.60 -3.97 —0.63 -3.01 —0.29 —0.67 -0.37 —0.30

(a) Subsumes the effect of a long-run income elasticity greater than one (1.75) and the dynamic adjustment of the nominal balances to changes in income.

(b) Subsumes the effect of the inflation rate and the dynamic adjustment of the nominal balances to changes in the price level.
(p) Estimate made in accordance with the monetary policy hypotheses for 1992.
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A.lV.3. BREAKDOWN OF THE GROWTH RATE OF THE VELOCITY OF CIRCULATION

OF M3, ACCORDING TO THE ARGUMENTS OF ITS DEMAND FUNCTION

1082
1983
1984
1985
1986
1087
1988
1989
1990
1991 (p)
1992 (p)

M3, r\;?éoci ty blj_/ngrx]:rij Unexplained lncon’(:z)effect Inflation effect lnteé'?fztc {a te Oévgercat fe Altg)"?écrta fe
1=2+3 2=4+5+6 3 4 5 6=7+8 7 8
-1.98 -0.80 -1.13 0.26 —0.58 —0.48 0.07 —0.55
—0.08 -1.23 1.20 -0.12 —1.24 0.13 0.30 -0.17
-0.83 —0.91 0.08 -0.25 —1.03 0.37 0.34 0.03
—2.10 —2.50 0.40 -0.98 —1.56 0.04 0.85 -0.81
-1.04 -0.42 —0.63 -0.52 —0.73 0.83 1.20 —0.36
—2.37 —2.31 -0.07 -0.12 —2.02 -0.17 -0.22 0.05
-3.86 -3.79 -0.08 —2.57 -1.12 —-0.09 —0.65 0.55
-3.59 -3.60 0.01 -3.31 0.31 —0.60 -0.62 0.03
-3.83 -4.77 0.94 —4.44 0.09 -0.42 -0.79 0.37
-5.53 -4.29 -1.24 —4.07 -0.32 0.09 0.27 -0.18
—2.70 —2.45 —0.24 —2.68 —0.35 0.57 1.21 —0.63

(a) Subsumes the effect of a long-run income elasticity greater than one (1.80) and the dynamic adjustment of the nominal balances to changes in income.

(b) Subsumes the effect of the inflation rate and the dynamic adjustment of the nominal balances to changes in the price level.
(p) Estimate made in accordance with the monetary policy hypotheses for 1992.
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A.lV.4. BREAKDOWN OF THE GROWTH RATE OF THE VELOCITY OF CIRCULATION
OF M2 ACCORDING TO THE ARGUMENTS OF ITS DEMAND FUNCTION

Mz ;ﬁlgcity blj_/ngr;:]aer% Unexplained lnconzz)effect Infla ti(()g) effect lnteer?fzrc {a fe Oév#ercat fe Altgl;écrta fe
1=2+3 2=4+5+6 3 4 5 6=7+8 7 8
1982 3.39 7.83 —4.44 0.46 0.25 712 —0.24 7.35
1983 5.98 5.77 0.21 0.93 —0.43 5.26 —0.54 5.80
1984 573 4.96 0.77 0.90 —0.15 4.22 —0.03 4.25
1985 1.33 1.26 0.07 1.22 —0.41 0.45 0.08 0.37
1986 -1.70 —0.35 —1.35 2.33 0.87 —3.55 0.15 -3.70
1987 -0.03 —4.14 411 3.84 —-1.12 —6.86 —0.44 —6.42
1988 -4.52 —2.29 —2.23 2.95 0.86 —6.11 —0.36 -5.74
1989 —2.32 —1.40 —0.91 2.32 0.91 —4.63 —1.68 —2.95
1990 -3.38 —5.32 1.95 0.97 —0.08 —6.22 —5.60 -0.62
1991 (p) -6.14 —9.96 3.82 0.21 —0.21 -9.97 -9.07 -0.90

(a) Subsumes the effect of a long-run income elasticity greater than one (0.63) and the dynamic adjustment of the nominal balances to changes in income.
(b) Subsumes the effect of the inflation rate and the dynamic adjustment of the nominal balances to changes in the price level.
(p) Estimate made in accordance with the monetary policy hypotheses for 1992.
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A.lVv.5. BREAKDOWN OF THE GROWTH RATE OF THE VELOCITY OF CIRCULATION
OF M1 ACCORDING TO THE ARGUMENTS OF ITS DEMAND FUNCTION

M1 ;;erlgcity blj_/ngrx]:rij Unexplained lncon’(:z)effect Infla ti?g) effect lnteé'?fztc {ate Og/#ercatte Altil;‘?écl}ate
1=2+3 2=4+5+6 3 4 5 6=7+8 7 8
1982 2.30 6.80 —4.50 0.84 0.26 5.70 0.02 5.68
1983 8.81 5.52 3.29 1.18 -0.44 4.79 0.19 4.60
1984 5.95 4.83 1.12 1.15 0.12 3.55 0.24 3.31
1985 1.48 1.29 0.19 1.33 —0.48 0.43 0.08 0.35
1986 -3.19 0.16 -3.35 2.33 0.81 —2.98 0.02 -3.00
1987 —1.52 —5.11 3.59 3.83 -1.03 —7.92 —2.58 —5.34
1988 -8.20 —5.58 —2.62 2.90 0.85 —9.33 —4.52 —4.81
1989 —-4.69 0.71 -3.99 2.32 0.80 -3.83 -3.35 —0.49
1990 —9.49 —6.82 —2.67 117 -0.21 —7.78 —9.53 1.76
1991 (p) —9.73 —8.97 —0.76 0.49 -0.25 —9.21 —11.53 2.32

(a) Subsumes the effect of a long-run income elasticity greater than one (0,53) and the dynamic adjustment of the nominal balances to changes in income.
(b) Subsumes the effect of the inflation rate and the dynamic adjustment of the nominal balances to changes in the price level.
(p) Estimate made in accordance with the monetary policy hypotheses for 1992.



