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NON-TECHNICAL SUMMARY

This paper investigates the instability of monsy demand in a new way using
techriques drawn trom spectral analysis.

The stability, or otherwise, of money demand is of vital importance in the
formulation of monstary policy. It is often argued, for example, that in the 1980s
demand was unstable due to changes in the financial markets (financial
innovation’). Such perceived instability undermined policies based on the
targeting of monetary aggregates and led to the adoption of alternative targets
e.g. tor 'money GDP’ or for the exchange rate, as in the ERM countries. Instability
may not, however, affect all measures of the money supply: pessimistic
conclusions concerning monetary targsting, based on parceptions of instability
in the broader aggregates — as in the United Kingdom in the 1980s - need not
follow if demand for the narrower monetary aggregates is more stable. in this
paper we concentrate on measures of the money supply which are relatively
‘narrow’; in particular on M1 (as defined by the IMF). For the United Kingdom
and United States we additionally use data tor broader money supply definitions.
Reflecting the widespread presumption that financial innovation in the 1980s was
most important in the United Kingdom and the United States and was less
significant in continental European countries, our data sample covers France,
Germany, Haly and the Netherlands as well as the United Kingdom and the
United States. Typically, two alternative approaches have been brought 1o bear
upon the issue of instability ot the money demand function. The first is a direct
approach based on identilying a suitable demand for money function and
examining it for structural beaks using conventional tests. There are, however,
serious problems in identifying the demand tfor money tunction, both on the
grounds of measurement errors in the explanatory variables, and {more
imporiantly) of the impossibility of disentangling supply from demand effects.
This criticism has provoked a second line of approach to the analysis of the
stability problem based on the velocity of money which may ameliorate these
difficulties. In this paper we characterize the ‘demand tor money' by a single
statistic, the velocity ot money (the ratio of nominal income to money).

The methodological purpose of the study was to test for instability using novel
methods (based on spectral or frequency domain anaiysis). The key 1o the test
is the concept of the ‘evolutionary spectrum’. The behaviour of a time series of
observations of any variable can be decomposed into components of different
frequencies. The weights attached fo the componenis at each trequency
constitfute the ‘spectrum’ of the vanable. For example, a series may have
important 'long-run’ (low-frequency)} cyclical components, imparting a wave-like
behaviour over time, together with noisy ‘short-run’ {high-frequency)
components, which disturb the underiying long-run cycle. The spectrum of this



varniable will have large weights attached to the cyclical and noise components.
The spectrum — the weights attached to the components at different frequencies
- may itself change over time. The weight attached to the noise component, for
example, may increase if the series begins to behave more erratically. The paper
makes use ot this notion of an ‘evolutionary spectrum’, in which the weights
attached to the components at different frequencies can vary over time. Tests
tor structural breaks in the series can then be carried out by testing for shifis in
the waights. The test statistics employed to detect instability have the advantage
that if a structural break is identified it is possible to determine not only at what
point of time the break occurs, but also whether it is the weights attached to the
high- or to the low-trequency components which have shifted. This additional
intormation could yield some insights concerning the transitory or permanent
nature of the shift in the behaviour of the series. Besides yielding this additional
information the technique we employ also avoids the very strong assumptions
made by customary methods tor identifying structural breaks. In particular, the
technique requires no assumption concerning the underlying distribution of the
series studied.

The spectral methods employed and the specific test used require large samples
of high-frequency data. In this study we adopt as a proxy for monthly nominal
GDP, theretore, monthly data over the period 196090 (1970-1990 for the United
Kingdom) on the product of industrial production and producer prices.

The results suggest that in the six countries studied, instability in money demand
was confined in the 1980s to the United Kingdom and the United States out of
the sample ot countries studied. This is consistent with the view that financial
innovation in the continental European countries was less sweeping in character
and had less impact on overall monetary stability than in the United Kingdom or
the United States .



Insreduction

A grear deal of attennion has been lavished in the literature on the demand
for money funcnion, i view of its swbility bemng a crucial element in the
formulation of monetary policy. Early empincal studies were unambigucusty
supportve of z stable money demand function 1n the industralised countries
{e.g. Kavanagh and Waiters (1966) for the U.K. and Gotdfeld (1973) for the
11.5.). Around the mid-1970s, however, the unammity on stability seemed to
come increasingly under pressurz. Existing meney demand models ended to
systemartically underpredict money balances in the U.K., parncuiarly for the
1971-73 penod {see Artis & Lewss (1974), 1576), and Hacche {1574)}. In the
U.S. the mid-1970s were also charactenzed by prediction failure (of money
demand modets) but tn this case the tendency was for overpredicung the
money balances {a phenomenon referted to as "missing money” by Goldfeid
(1976)). After 1981, the predicuon failures continued in both the U.K. and
the 1.5, but in the later overprediction was reversed intc underprediction {ses
Leventakis & Bnssimis (1951)). The insaability of the money demand
functon was more prorounced for the broader money aggregates than for the
narrow concept in most of the industralised countnes (see Artis & Lewis

(1591)).

Typically, twa aliernative approaches have been brought to bear upos the



issue of instability of the money demand function. The first s a direct
approach based on identifying a switable demand for money funcnion and
examining 1t for structural breaks using convennonal tests such as the Chow
test. In an :influennal paper, Cootey & LeRoy {1981) cast serious doubts on
the possibility of the ideniification of 2 demand for money functon -botk on
the srounds of measurement errors v the explanaiory vanables, and (more
importantty) of the impossibility of disentangling supply and demand effects.
This endeism has provoked a second line of approach to the analysis of the
stability problem based o= the velocity of money {see e.g. Bordo & Jorung
(1987), Hamilton (1989) and Bomhoff (1991)). The vetocity approach
certainly makes the object:ons rased by Cooley & Leroy less glaring although

1t 15 debatable whether it cizcumvents them altogether.

In this paper, velocity {with respect to broad and narrow money) 1s
examined for structural breaks as iadirec: evidence of the stability or
otherwise of money demand funchons. The test proposed for locating
structurat breaks 15 the CUSUM test of Subba Rao {I1981) based on the
concept of an "evolutionary spectrum” A major advaniage of the test
procedure 35 that 1t is distribunon-free and so does not require the variables
to be tested to be Gaussian - a requirement 'mposed by most other tests of

structurat change (such as Chow (1960), Farley Himich & MeGure {1975),



Hawkins (1977), Worsley (1979), erc.). As a maner of fact, the test can be
applied to any tme series which is "oscillatory” (ses the definition 1 Section
2) and admus of an "evolunonary spectrum”.  The ciass of "oscillatory"
process 1s sufficiently general to include most procasses likely to de
encountersd in economscs.  Yet another advantage of the Subba Rao test 15
that, if desired, the 1est can ndicate the frequency at which the break occurs,
5o that one can wier whether it 1s the short-run charactensucs of the senes or
the long-run ones which are exhibiting a struciural change ar the pomnt 1n
question. The power properties of the test vis-d-vis other tests of structural
change, however, have not s0 far been documented, though preliminary
invesiigadons by Subba Rao (1981) and Priestley {1988) are favourable. (The

155ue 18 currently under irvestiganon by the authors.)

The pian of the paper 1s as follows. Section two introducas the concept of
the evoiutionary spectrum and details the Subba Rao test. The results of
applying the test to various velocity series are reported in section three, while

conciusions are presented 1n sechon four.

Evolugignary Spectrum
A number of alternalive approaches 10 nme-dependent spectra prevail in the

Hierarure (sez Page (1932}, Tjostheim (1976), Melard (1973) and Presdey



(1963)). The evolgtonary spectrum of Prestley (1963) 15 a pamucularly
attractive concept, both because it has a recogmzabie physical interpretation

and because tt encompasses most other approaches as special cases.
The concept of the evolutionary spectrurn may e introduced as follows.

Defimition t: A discreze parameter time senes | X} is said to be oscillatory

if it has the follpwing representation:

}g:}i expliny) A {w) dZ(w), {r=0, =1, £2} (1)

where for each w, the sequence {A(w)} has a generalised Founer transform,
whose medulus has an absoiute maximum at the ongin and Z{w) is an
orthiogonal process on {-w, ¥ with E{ | dZ(w) | *} = du(w) where p(w) 15 a

measure.

Definition 2; Let {X,} be an osciliatory process as defined above. The
evolutionary spectral distribution function of {X,} at ume t with respect to the

family of sequences F = texp(itw}A(w)} is then defined as:

dH (W) = [Aw) Pdyiw),~mswsx )



If the measure p(w) s absolutely coatinuous we can write dH (w)} = h{w)dw
where R{w) is the evolutionary spectrai density function defined throughout

(-7, *}

A few comments are in order here. Generally speaking, a given osciliatory
process would have a number of evoluuonary spectral represenmations
corresponding to different choices of an oscillatory family . It is therefore
reasonable to select that family for which the { A (w)} are in some sense "most
slowly varying”, i.e. having their generalized Founer transforms highly

concentrated around the angia.

The esnmauon of the evoiunonary spectrum proceeds as follows. Suppose

1t 1s desired to esumate the evelutionary spectrum at the frequency wq.

‘The data 1s paszed through a linear filter centred at wy, yielding an output
U{y). A weighted average of | U(1) | 2 in the neighbourhood of the ume point
t is now computed to yield an estimate of the evolutionary spectrum hfw) at
frequency wy. Thus, given observations on {X,}, £=0, 1, 2... T we can wnite

i-T
U=Y" g.X, expl-1w, (-1)] 3

uaf
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where {g,} and {w,] are suitably chosen windows. In most applicanons the

followmng “double window” due w0 Priestiey (1966) is usually depioyed.

H

b |<h
g, zm (3
0 |ul»hr
T uleT)2 {
o e 2

There 15 a form of Uncertamnty Principle operating here (the so-called
Grenander Uncertainty Principle), according to which simuitaneous attainment
of high degree of resoluuon in both the time and frequency domains is
impossible. If we give egual weight to the two resotutions, then for the
double window {5) - (€) the appropnate choice of h 15 7 {see Chan and Tong
{1575)). There are no clear-cul guidelinas for the choice of the trunganon
point T°  One would possibly need to reson to_some kind of *window
closing” procedure as 15 suggested by Jenkins and Waus (1969} for the nme-

mdependent case. The simuiauon study of Chan and Tong (1575) ndicates



that the evolutionary spectral estimates are fairly robust for T taking values

i the range (1/4) to (T/6).

The following properues need o be noted for the evolutionary spectra:

esumator ki (w) based on (5) - (6)

(D E{}i L st ()
- 4k 2
i varlh (wit=——h; (W)
(i) po 1, (W)
and  (iii) CovlA, (w).h, (w))l=0  if either

(@ |w, £ wy} > bandwidth of () |* where T{S) 1s the Fourier
tansform of g, or

by |y -1, | > bandwidth of (8).

Testing for Structurat Change
Let X, ... X, be observations from a discrete parameter process {X} with
evoiutionary spectral density hi{w). Further, suppose the evolunonary

spectrum estimate h{w) 15 constructed using the “double windows" (5) and



{6}, and evaiuated at nmes {1}, 1=x1, 2 ...I{each s a member of the set |,
2 ... T) and the ser of frequencies {w;}, j=1, 2 ...J,
Denote in B&,;(\vj)} by Y; and Hyw,) by by
From Priestiey {1988) we may wnite

Y= by + gy {7}
If we now assume the our {4} and {w;} sausty the condidons (iii){a) and
(ifi}{b) listed at the end of Secuoa 2.1, then 1t can be shown that the e; are
approximarely 1.i.d., N(O,0) with ¢ = var{lnf(w)}. The normality and
independence of the e; now enable us to invoke the CUSUM and CUSUMSQ

tests of Brown er al. (19735), specifically, defining

o1
Y, ==X Y =n2d (8)

we may compute the CUSUM W, and the CUSUMSQ 8, as follows:

W,=3 (¥, -k %E (F-k* | reid (9)

iwi i}

S=3 (VL -RYY (-8 . reld (10

=} iu}

where k 15 a chosen reference value. {The chowe of k for our problem 1s



discussed in section 3.) The iests for structural break may now be executed

mn a straightforward manner as discussed in Harvey (1981).

A great advantage to this procsdure is that it enables isolanon of the
frequency (or frequencies) at which the break occurs. (This information is
useful in judging whether the structural breaks are of a transitory or persistent
natere.) This may be done simply by repiacing ~\:’ m (9) and €10} by Y;; (for
1=1, 2...1) and examning the resulting CUSUMSs and CUSUMSQs for each
j. Of course the reference value will not be the same as in (9) or (10} and

may itself vary for each frequency.

Results

The structural bresk test (Subba Rao (1981)) proposed to be used here is
asymptotic and hencs dictates the use of a high frequency velocity senes,
encompassing & fairly loag siretch of tme.  The maximum frequency
achievable in this case is monthly, provided one opts for indusinal production
as the mcome proxy rather than gross domastic product (data on which are nat
available for frequencies higher than quarterly). Freguent definitional
revisions ia money supply concepts in the OECD countries {which nonetheless
offer the best scope for conducting studies of this kind) pose another

formidabie constraint. Among these countnes, a fairly long and consistent



senes of monthly velocuy {based on M1 and an industnal producuon index)
couid be constructed for France, ltaly, Netherlands, West Germany, the UK.
and the U.8.A. (For France, two alternative senes in this category could be
constructed, based on two separate sourcss.) In view of the suggesuon (see
secuon 1) that instability 15 more pronounced in the broad money demand
funcuon, as compared to the narrow money demand funcuon, special interest
would have ziached to an examunanon of the broad money-based velocity
senies. However, velocity senes basad on the broad money aggregate could
be assembled only for the UK. (M1 pius Quast-money) and the U.§.A. (M3).
In the interest of extracting the maximum available wformation from each
series, the tme span of analysis was allowed 0 be nom-uniform for the
different series. bmposition of uniformuty in this regard would have dissipated
valuable degrees of freedom. Complete details of the vanous velocity senies
are summansed :a appendix L

In the calculation of the evotutionary spectrum for each of the above series,
the "double window" {3) - {6} was used. The two crucial parameters to be
chosen are h and T'. The vaiue of h was chosen o be 7 reflecung equal
weighiage 1o ume, and frequency domain resolunion.  Vanous values of T
were tried out at the evelulionary spectral estimates were fairly robust for T'
in the range 15 10 30. A value of T'=20 was thus selected for the final set

of calculations. As discussed 1n section 2.2, applicabilizy of the Subba Rap

10



test hinges upon the chosen {t}, 1=1 .1 and {w}, j=1 ...J sausfying
conditions (iii)(a) and ({iii)(b} of Section 2.1. With our choice of &, the
approximate bandwidih of | D(€) | 15 =/7 and this yields the following

chowee {w;} for the set of 7 frequencies

w=(=20), s=i, 4,7, 10, 13, 16, 18 {113

Similarly the bandwidth of (6) being equai to T' {=20), the chosen points
fr.} must be spaced at least 20 months apart, We choose the spacing to be 24
months and the imal value t, as the June value of the imtial year for the
series in question. This enables us to check for structural breaks in 2 series

every 2 years with the June value as the reference poimnr.

The reference value k m (5) and (10) for ezlcuiating the CUSUMs and
CUSUMSQs has o be chosen with some care. In some sense, k will be some
"target level” which the ‘?7,, are supposed to track {sez Woodward &
Goldsmith (1964)). However, if we take k to be an average of the loganthm
of the evolutionary spectrum over the {t} and {w,] that we have selected, then
W 10 {9) will be zero and this will bias the CUSUM test. We avoid this

probiem by selecung k to be the average of the loganthm of the evolutionary

11



spectrum ai the point of tume {1} and the frequency points {w;} ziven by

w=(=20), j=1,2,3 .. 19 (12)

(The set w; 1 (12) consists of 19 points as opposed to 7 pomis in (11)}. The

set g continues to be the same as before.

The CUSUM test identifies structural breaks at points where W, as defined

by (9) tr=1, 2 ... I} falls outside the pair of straight lines given by

W :)LJ.SSD\/?:-E;EE}EM a 10% significance levat {13}
1

W :{0.9483/1*1-53—%2} for a 5% significance level  (14)
7

1 e
7Sl t{l.lt’f'j\ﬁ«-wl for a 1% significance level (13}

J

The CUSUMSQ test similarty ideatifies structural breaks of pemnts where §,

as defined by (10} (r=1,2...1) fails outside the pair of sirmght lines

12



Wrﬁﬁcn*-;— (16)

where the values of C, (corresponding to various values of I and different

significanice levels) may be recovered from Harvey (1981) p. 364.

We presen: details of our calculanions for one specific case, viz, MIVUK
{i.e. the U.K. velocity with respect to narrow money). The log of the
evolutionary spectrum for this series is presented in Table I and the structural
break tests in Table 2. Since the calculations for the other series are similar,
only the main conclusions pertaimag o them are dispiayed 1n Table 3. For
completeness, however, we present the log of the evolutonary spectum for

the remaining series i Appendix I},

A few comments on the contents of Table 2 are n order. Since the
CUSUM test failed to record any siructural breaks at the 5% significance
level, a 10% significance level was also tned out in this case bur did not
detect any breaks ewther. The CUSUMSQ test iocated the first structural
break i 1983:6 (at 5% significance level), with the divergence from the
reference value k (chosen along the lines of the discussion immediataly
preceding (12})) being reinforced at the next tme point considered {1985:6)

where the break ts highly significant {i.e, at 1%). The movement away from

13
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the reference vaiue persisis with 1987:6 indicanng a break too (but at 5%

significance level)'.

A vaiuable wmsight 1nto the nawre of these tests has been provided by
Dufour (1982) who notes that the CUSUM test 15 mamly aimed at detecting
"systematic” breaks whereas the CUSUMSQ test 1s more oriented towards the
recording of "haphazard rather than sysiemanc” depariures from the structure.
In our context, a structurai break idenrified by the CUSUM test would refer
to a consistent movement of the log evolutionary spectrum in one direction
away from the reference value k, and it could be conjectured that this would
happes if the underlying senes {velocity) was dominated by determimsac
trends. On the other hand, the CUSUMSQ test simply toles up the deviahions
on either side of the reference valve of the log of the evolunonary spectrum
and i this case any structural break would be symptomauc of the underiying

senes being dommated by stachastic wends.’
Further informaton about the nature of the structural break may be

\nferted from a frequency-wise analysis (a$ mentoned in section 2.2} Such

an analysis for the senes

16
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(MIVUK} indicated structural breaks {via the CUSUMSQ test) at the
frequency compenent (16+/20) at 1983:6, corresponding to a cycle of 2.5
months, as also at the freguency componest (w/20) ar 1985:5 {which

corresponds 1o a eycle of 40 months).

The upshot of the preceding discussion seems 1o be thart the senes MIVUK
was subject 1o two significant structural breaks - the one 1n 1983:6 being
confined to the short-run charactensucs of the series with the one 1 1985:6
reflecting a more permanent or long-run break. Both breaks are like’ty to be

mirronng stochasuc shifis rather than determimsuc or steady movements.

Passing on to Table 3, we find that cur test did not discover any structurai
breaks in the case of the 2 veloouy series for France (MIVERAL &
MIVFRAZ), the velocity series for Germany (MIVDELD, the narrow money
velocity senes for the U.S. (M1VUS), and the broad money velocity series for
the G.K. (MQVUK). For the other sertes, structural breaks were identified
by the CUSUMSQ test, but not by the CUSUM 1test, thus pointing o
stochastic rather than determunistic shifis in all cases. The breaks mn M1VITA
and MIVNETH are at high frequencies corresponding to penods of 2.1
months and 2.5 months respectively - reflecung changes in the shor-tarm

characterisues of the series.  The structural breaks \n M3VUS, apart from

i



being highly significant, are spread across a wide band of frequencies,
implying changes n long-term as well ag short-term charactensucs of the

Seres.

Conciusions

In this paper, the 15sue of insmbiiity of the demand for money function 15
subjected to a frash scrutiny based on certain recent developments 1n spectral
analysis. Such zn inquiry, we felt, was warranted by e lack of unanimity
an empirical evidence reiating to instabilicy. On methedological grounds, the
Subba Rao (1981) rtest that we have used here has the ment of bemng
distributzon-free (and hence not msistng on Gaussianity of the original senes)

and aiso of being able to atiribute the breaks to different frequencies.

Our conclusions throw nteresung light on the instability 1ssue. Firsdy it
does not seem (o be as pervasive as usuatly supposed; secondly, even where
breaks occur, these are usually 1n the shori-term charactenisucs of the senes
and hence unlikely to be of permanent significasce. The only significant
breaks of a fong-term imporiance occur 1 the U.S. velocity senes based on
M3 {M3VUS) and 1 the U.K. velocity sertes based on Mt (MIVUK). The
last finding seems to accord weil with the received literature (ses Leveniakis

& Brissimus {1991} and Arois & Lewts (1991) for the U.S. and UK. evidence
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respectively in the 1G80s).

2c



Endnotes

L. MNote that, by definution, the last value of §, will atways lie within the

CUSUMSQ bands, whatever the tevel of significance.

2. We emphasize the conjectual nature of this observation,  Several

simutations by one of the authors seem to be supportive of this conjecture.

1

. Both shifts are detected by the CUSUMSQ test at the 5% significance
level. In conducung the frequency-wise analysis, the choice of k for each
frequency 15 based on the average of the log evolutionary spectrum at a
fixed frequency evaiuvated at pownts f; spaced 12 months apart {i.e. a total

of 20 points in the case of M1VUK).
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Appendix It Data Definition
Monthly data for the veloctty of circuianion in each country was constructed
as the rano of nomnal income to the ead-of-penod stock of money batances.
Nominal income was calculated as the product of the Index of industrial
Production and an appropnately defined price ndex, scaled to the vaiue of
nominzal GDP in 1985, ‘The pnce index chasen was, with the excepoon of
France, the Producer Price Index; for France the Whol2sale Price Index was
used. Country specific details for the data are given beiow.
France: Two alternative series were constructed;
i —- MIVFRAL (1960:1 10 I98%:12) Source: IMF damabase from
1960:1 to i9659:11 and OECD dambase from 196%:12 to
1989:12 (366 observaucns);
{ii} MIVERAZ (1960:1 to 1989:12) Source: IMF dawmbase from
1960:1 to 1978:3 and OECD database from 1978:4 1o 1989:12
(360 observanons);

Tralv: MIVITA (1961:12 1o 1990: 1) {349 obsarvauonas});

Netherlands: MIVNETH (196::12 to i990:17) (355 observauons);
W.Germany: MIVDEU (1961:12 to 1990:1) (349 observauons);
LL.K.: Two aliernative senes were constructed:

iy MIVUK (1971:6 o 1989:7) (218 observauons),

(i) MQVUK (1971:6 to 1989:11) (222 observations), based upon



US.A

(3
{if)

M1 +Quasi money balances;

Two alternative senes were constructed:

MIVUS (1960:1 to 1990:6) (366 observations);

M3VUS (1969:1 to 1990:6) (366 observations) based upon the

M3 definition.
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