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Abstract 

Th is paper a d dresses som e  pract i ca l  iss u es i n  u n d ersta n d i ng the 

determinants of MO and its informational content. The first three issues 

relate to the est imation of a demand for MO equation :  explai ning the 

trend in velocity, the choice of scale variable and the partial response of  

MO to changes in interest rates . These issues are explored using annual, 

q uarter ly  a n d  monthly data. The fi na l  to p i c  is the use of MO i n  

predict ing in flat ion. Our simpl e  tests s upport the grow i ng l iterature 

which s uggests that MO is a relat ively good l ea d i ng i nd ica tor o f  

inflation. 
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1 Introduction 

1 MO, the \vide monetary base, is one of  two monetary aggregates 

for which there is an anno u nced monitor i ng range i n  the U K. This 

paper considers the behaviour o f  MO as exp lained by estimated money 

demand equations and the ind icator properties o f  M O  for i nflation. The 

behaviour of  M 4, t he other aggrega te w ith a m o n it or i ng ra nge, is 

d iscussed in  a companion paper, Fisher and Vega (1993). 

2 This paper assesses some practica l  issues i n  u nderstan d i n g  the 

determinants of MO and its informational conte nt; it focuses on four 

issues: explaining the trend in ve locity, the appropriate scale variable, 

the i nterest elasticity of demand and MO's leading indicator properties 

for i n f l a t i o n .  Se ct i o n  2 d i s c usses  t he iss u e s  r e l at i n g  t o  the 

determination of  MO in deta i l  and Section 3 presents some e mpirical  

estimates which address them . We do this using annual, quarterly and 

monthly da ta .  In Section 4 we discuss the resu lts of some s imple tests 

of leading indicator properti es. We find that M O  is a relatively good 

leading indicator of inflation .  The final section summarises our resu lts 

and offers conclusions. 

1.1 A brief description of MO 

3 MO co nsists of not es a nd co i n  i n  c ir c u l at io n a n d  ba n k ers ' 

operational balances at the Bank of England . The Bank suppl ies M O  o n  

demand, sett ing the discount rate on e l igible bil ls rece ived i n  ret urn . 

Thus monetary policy is principal ly conducted by in fl uencing i nterest 

rates so that the amo u nt o f  MO is  deter mined by the d e m a n d  at 

prevailing interest rates . 

4 Although notes and coin now constitute over 99% of M O, the high 

v olati l i t y of  b a n k ers' b a l a n c es m ea n s  th at  t hey c o nt r i b u t e  

d isproportionately to the mont hly var iation o f  MO. I n  fact, s ince they 

are determined by a different set of factors (ie conditions i n  the money 
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market), bankers' balances add considerably to the overal l  volat i lity of  

MO. Over the peri()d 1982 to 1992 the standard deviation of  month ly 

changes in notes and coin \.vas 0.28 while that of  MO was 0.43. 

5 The data on notes and coi n  issued are accurately recorded, but 

loss or destruction whi le  in  circu lation means that the effect ive stock 

must be est i mated . We a lso cannot be sure how much o f  MO is held 

overseas, although this is probably not very important for the UK.  This 

is i n  contrast to the US where estimates suggest that about 60% of  the 

stock of currency is held overseas (see, for example, Porter (1992») . 

2 Issues relating to the demand for MO 

2.1 The theory of money demand 

6 The t heory o f  mo n ey d ema nd has a long and r i ch h i story . 

Surveys are pl enti fu I (sce, for examp le M cCa l l u m  a nd Good friend, 

1987). The basic optimisation problem is one of uti l ity maximisation by 

t h e  i n d i y id  ua I household c hoosi ng between cons u mpti o n  goods, 

cap ita l goods, money ba lan ces and other fi nancial assets subject to a 

b u dget c o n stra i n t .  It ca n be s ho w n  t hat t h is l eads to a gene r i c  

specification of  the forn): 

(1) 

where M t is the nominal  stock of  money ba lances held at the end o f  

period t, Pt is the money price of  a consumption bundle Ct and Rt 
is the rate o f  return on an alternative asset (usually a nominal bond) . 

The e q u at i o n  ca n be tho u ght o f  as a genera l port fo l io ba l a n c e  

relationship. L(.) is some functional form which reflects the underlying 

uti l ity functions and budget constraint .  

7 Equa t ion (1) can encompass a variety of actual models of money 

d ema nd, i n c l ud i ng Keynes '  theory of  l i q u i d ity p reference and the 

inventory theory approach of Baumol ( 1 952) and Tobin ( 1 958) . In both 
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o f  these theor ies, income replaces the consumption bundle i n  (1). I n  

Bau mol's treatmen t, the interest and income elasticities are explicitly 

derived as -1/2 and '1/2 respectively. 

8 Empir ical stud ies of mo ney demand are usually i nte nded to 

provide a model of the data which has a behavioural interpretation. At 

one extreme this means an exp l i cit derivation o f  a theoretical model  

which is  then tested against the data - prov i d ing t hat a c losed form 

expression can be found.  The other extreme is to "let the data speak" by 

obtaining the best t ime series model and then rational ising t he results . 

Our approach takes a middle course in which we impose a minimum of  

identification restrictions and a simple log-linear functional form on the 

model . T his should be su fficient to ensure that we esti mate a money 

d e ma n d  equat ion  w ithout  restr i ct i ng the  re lat io ns hip to a ny o ne 

t heoreti cal model . The p urpose o f  t h i s  paper is  not to t est  a ny 

par t i cular theory o f  IT)oney demand nor to fit the data . Rather we 

ad dress some of  the practical issues surrounding estimated MO demand 

equations and exanline the robustness of  particular specifications .  

2.2 A brief review of empirical MO research in the UK 

9 The following li st gi ves a brie f descript ion o f  past work o n  the 

determination of MO: 

- Tru ndle and Temperton (1982) i nvestigated the u nexpectedly slo w  

gro wth i n  the demand for cash over the period 1 979 to 1 98 1 . T hey 

found the i mpact of  i ncreases in  u nemployme nt and changes in the 

exchange rate were in1portant factors . 

- J o h nsto n ('1984 ) loo ked at the role o f  f i na n c i al i n novat i o n  i n  

deter mi n ing the trend d ecline in cash usage . He used the n umber o f  

bank and build ing society current accou nts as a proxy for i n novat io n .  

This pa per also found strong i nterest rate ef fects o n  t h e  dema n d  for 

both MO and J1()tes and coin. 
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- Hoggar th ( 1 984) crit icised the use of  the nu mber of  current accounts 

ratio by Joh nston on the basis of i ts endogeneity and its similarity to a 

t ime trend .  

- Ha l l ,  H enry an d W i l cox ( 1 989) intro d u ced the use of c u mu lative 

interest rates as a measure of financial innovation. 

- Walton a n d  Westa way (1992) i nvestigated di f ferent meas ures o f  

financial innovation such as the proportion of workers paid i n  cash and 

the n umber of  cash dispensers as wel l  as c u mulative i nterest rates . 

They also used consumption of non-durables as the scale variable. 

- Hoggarth and Pil l  ( 1 992) investigated the implications of differential 

gro wth o f  cash-finan ce d  expenditure and total expenditure for the 

demand for MO . 

10 This l is t  gives a gui de to the most common empirical issues - the 

explanation of the trend in MO velocity and the choice of scale variable. 

We d iscuss these iss ues further belo w .  Past work on M O 's l eading 

indicator proper ties is d iscussed in Section 4.  

2.3 Specification issues in the demand for MO 

11 We ca n iden tify three important specification issues relating to the 

explanatory variables , namely how we explain the trend increase in MO 

velocity, the choice of activity variable and the interest elasticity of  the 

demand for money. 

2.31 Velocity tre1ld 

1 2  MO veloci ty, on all plausible definitions, has been rising since the 

Second World War (a chart is shown in Section 3). In order to obtain a 

sa t isfac t o r y econoJ1letric mode l we need to have so me sta tistical 

explanation of this trend. For a convincing interpretation we a lso need 

a thcorc t ic(1 1 explan(1t ion. Part o f  the trend can be explained by the fact 
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that as national output i ncreases, the cash-financed part o f  activ ity fal ls  

- in  Baumo l's theory the long-ru n income elast ic ity i s  on ly o ne hal f. 

The relTla i nder o f  the tre nd is then due to chan ges i n  paym e nt s  

technology such as the increased use of  cheque accounts, credit cards 

etc .  Wider def in i  t ions o f  money have not been s ubject to the sa me 

veloc ity trends, i mplying that the bul k  of the explanation l i es with a 

switch from cash to other forms of money. 

13 The natura l e ffect o f  ris ing output can be a ccommod ated by a 

long-ru n elast ic ity of  l ess tha n u nity - we bo und o ur estimates to l i e  

bet ween a hal f a n d  o n e .  The technology effect i s  more d i ff i c u lt to 

acco u nt for . A t ime trend is one poss ib i l ity b ut does not give u s  a 

behavioural explanation . Particu lar measures - such as the number o f  

credit cards i n  c ircu lation or the proportion of  wages paid in  cash - may 

work for speci fic samp le periods but are unl ikely to be rel iable at other 

t imes .  A n  exp lanation de veloped by the Ban k  o f  England (see Hall,  

Henry and Wilcox, 1989) relates changes in  technology to interest rates. 

The idea is that high interest rates provide a constant incentive to both 

b a n k s a n d  th e i r c u s t o m er s  t o  r e d u c e  t h e i r  h o l d i n g s o f  

(non-interest-bearing) cash . The higher the interest rate the greater the 

press ure to i ntroduce and to exp loit i nnovations i n  tra nsact io ns 

technology. The level of transactions technology at any one time (and 

its ta ke-up) wil l  thus reflect the cumul ative path of i nterest rates; a nd 

wil l  in turn determine the veloc ity of  notes and coin.  

14 The pract i ca l  impl icat ion of this is that we attempt to explai n  

velocity trends by including the cumulative interest rate . This seems to 

have  addit ion a l  ben ef its i n  terms o f  s peed i ng u p  the mea sured  

response of  M O  to a n  i nterest rate change. 

15 The impl i cation is sometimes draw n  that this model  predicts  a 

cashless soc iety . Whi le it is possible to envisage a cashless system the 

model does not necessari ly gi ve this resu lt . The proport ion o f  total 

e x pend iture f inanced by cash cou l d  fa l l  conti n u a l l y  a n d  yet the 
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abso lute l evel  of cash could stay constant or even rise, depending on 

what happens to total expend itu re.  

2.32 The choice of scale variable 

16 P revious work on MO has used a wide range of scale variables, 

ranging from nom i nal  GDP to non-d u rable cons umption . A lthough 

th is is largely an empirical  question (which is addressed in  Section 3) it 

i s  p ossi b le to ga i n  some i ns i ght into the co rrect scale variable by 

looking in detai l  at cas h usage and in particular the APACS survey of  

cash usage. 

1 7  Tab le 2 .1 s h o ws t hat i n  1990 t h e  ma in s o urce o f  cas h for the 

personal sector was withdrawn from financial institutions and that only 

31 % came d i rectly f rom income payments . A lthough the proport ion of 

i ncom.e pa id i n  c(lsh was undoubted ly h igher i n  previous years, it 

seems reasonable on the basis of this evidence, p l us t he fact that very 

l ittle cash is held as savi ngs, to think that cash hold ings are more l i kely 

to be related to e xpenditure than income. Also, the fact that 66% of  M O  

was hel d  b y  the personal sector, with other sectoral hold i ngs (8% by 

companies, 1 9% i n  banks and 7% overseas and p u b l i c  sector) be ing 

largely  related to demand for cash in  the personal sector, suggests that 

some form of persona l sector expenditure measure should be used . 

Table 2.1 
Personal sector sources of cash in 1990 

Percentage of total 

Financial inst itutions 
Employers 
Sta te benefi ts 
Other household members 
Other 

Source: APACS su rvey . 

8 

54 
1 6  
15 
1 1  
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1 8  Thus the choice of scale variable should be either total consumers' 

expend itu re or the narrower (and higher frequency) measure reta i l  

sales .  

Table 2.2 
Uses of cash in 1990 
Per cent of total expend iture made in cash 

Percentage of 
expenditure made in cash 

Spontaneous Retai l ( 1 )  

Travel/hotel 
Leisure (inc. restaurants) 
Financial 

Regular (inc. Rent) 
Other 

62 
36 
78 
1 9  
N/A 
30 

Percentage of 
total cash usage 

46 
7 
7 
4 
29 
6 

( 1 ) Spon tan eous expenditures are those not made o n  a pre -arrange d  
regular basis. 
Source: APACS survey. 

1 9  Table 2 .2 sho ws that about half of a l l  cash usage is spontaneous 

retail . As well  as spontaneous expenditure, some proportion of regular 

payments (eg TV r ental ) enter into measured reta i l  sales . S ince retai l  

sales constitute about 40% o f  total consumers' e xpend iture, the results 

of the A PACS survey suggest that cash e xpenditure tends to be, but is 

by no means exclusively, on reta il goods . Agai n  this suggests t hat 

either consumers' expend itur e or retai l  sales could be an appropr iate 

scale variable on the basis of cash usage .  The choice between these two 

and GDP is discussed further in Section 3. 

2.33 Interest elasticity of the demand for MO 

20 The choice of in terest rate is governed i n  part by data availabi l ity . 

The preferred term should be the rate of return that agents cou l d  earn 

in the most i mITled iate substitute for cash . In our monthly model we 
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use a b u il d i ng society i n terest rate , bu t  over l onger samp les we use 

either the Treasury bil l ra te or the London three-month i nterbank rate 

as a proxy. 

21 Earl ier work on M O  has derived quite d ifferent estimates of the 

i nterest e last ic ity of the demand for M O, with some fa i l ing to f ind a 

statistical ly  significant effect. In  the fol lowing section we investigate the 

s ignificance and stab i l i  ty of interest rate effects on M O  by looking at 

d ifferent speci fica tions and sample periods . 

3 Empirical models of MO 

22 In this  sect io n we report so me est i mates of mo ney d e ma n d  

equations for M O  usi ng annual ,  quarterl y  a n d  monthl y  data.  These 

estimates are used to assess the issues d iscussed above. The estimation 

m ethod o log y  is cho sen a ccord i ng to the iss ue u nder cons ideration . 

Th is  r an g es fr om s ta tic r egr es s i o ns, thro u gh s i n g le equa t io n  

error-correction n,odels up to Full I nformation Maximu m Likel ihood 

est i m ates  o f  long-run re l a t i o nships  ( Joha nse n, ( 1 9 8 8», w it h  

instrumental vari ables used as appropriate . 

1 0  



3.1 Annual data 

Chart 3.1 

Volicity of MO with respect to GDP, 1919-92 

38.eeoo 

Z8.9800 

10.9000 

23 We have a consistent (break ad justed) annua l  data set for M O ,  

interest rates and cor over the period 1919-92. Between the two world 

wars, MO velocity was relatively stable (see Chart 3 . 1 )  although lower 

on average in the 19305 than the 19205. Vel oc ity d i pped during the 

Se c o n d  World War but  from 1947 to  1992 it has bee n tre n d i n g  

continuously upwards. The trend has been espec ial ly marked s i nce 

1975. 
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Chart 3.2 

Three-month Treasury Bi l l  rate: 1919-92 

�.�r----------------------------------------------------. 

18.6667 

24 In Cl tex t-book treatment (eg see McCallum and Goodfriend, 1987) 

m oney demand funct ions i m pl icit l y  give velocity as a function of the 

leve l of interest rates . Short-term U K  interest rates, as dep i cted in 

Chart 3.2, have trended up since the Second World War but this trend 

d oes a poor job in a cco unt ing for that in velocity .(l) Chart 3 .3 shows 

the result of regressing ( log) MO ve locity on the ( log) leve l of interest 

rates, a constant and Cl l inear time trend.(2) The fit is general ly  poor and 

the interes t rate coeff ic ient is c lear l y  too large; as sho wn b y  the 

gyration of the fitted val ues in the last 20 years of the sample . 

(I) On the basis oi"an augmcntcd Dickcy-FuUer tcst ADF(l), interest rates areI(I) over this 
sample - butthc implicd root of 0.85 makes this result far from convincing. 

(2) The absence of the treno makes the results slightly worse. 
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Chart 3.3 
Regression of MO velocity on interest rates and a time trend: ac tu al 
and fi tted values 

3.3269 

Z.?BZ8 

Z.Z38B 
, ... " -�: \;\ \/' 'I 

\ 
\'._.-------

rttted 

25 Dynamic  equation s pecif icat ions based solely o n  i nterest rate 

lev e ls a n d  Cl tim e trend c o m pensate for a large l o ng-ru n i nterest 

e last ic ity by keeping short-run effects very smal l . An example of this 

spec ificat ion is g iven by the Treasury's Macroeconomic Forecasting  

model (see the January 1993 public release) . 

26 Ha l l ,  Henr y  and Wi1cox (1989) (henceforth H HW) i ntroduced a 

cumu lat ive interest rate te rm t o  proxy f i n a n c i a l  i n n o vat i on,  as 

d iscus sed earl i er in  th i s  pa per .  H H W  used quarter ly data over the 

per iod 1969-86. It \Nould se em that a better empirical test is to apply 

this variable to the longer annua l data set during which both ve lOcity 

and interest rates have shown more trend variation. 
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Chart 3.4 

Regre ssion of MO ve l o city on c u m u l ative in terest rate term: actual 
and fi tted values 

3.�9r-------------------------------------------------� 

Z.78Z8 

27 Chart 3 .4 sh o\'\'s the results o f  regressing M O  velocity on a 

constant Clnd a cu mulati ve interest rate term (�log ( 1  + r/ 1 00 ) ,  r = 3 

mo nth Treasury bill rnte). The fit is very much better, missing only the 

war years and the l ate ·19205. The important statistical property o f  the 

cumulative interest rate tenTI is that it a llo ws for the trend to bend at 

the right point and it accounts for the changing trend post-1975 . This 

evidence is not totally concl u sive since the pre -1930 data do not 

strongly support the hypothesis, but i f  the term is a proxy for financial 

innovation then perhaps a structural break sometime this century is not 

surprising (on e pOSSi bility is Signi ficant overseas holdings o f  M O  

pre-1930). Over the period 1925-92 the cum ulative interest rate term 

does offer an empiricall y accept able explanation of  the trend in M O  

velocity ,md so wc use thi s  in our long-run equation . 
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28 The dynamic e onometric ll"\od eJ maintains the implicit restrict ion 

of a un it long- run elasticity on GDP (hence it is better tho ught of as a 

velocity equation than as a real MO equat ion). A preferred speci fication 

is given in Tabl e 3.1. S urpris i ngly we d i d  not f ind it necessary to 

introd uce any dummy variables - even for the war years . The overall 

fit o f  the equat ion is good and all the d iagnost i cs are c lean at the 5% 

s ign i ficance level (although the normal ity test statist ic is qu ite high at 

5.85). Actual and fitted values are shown in Chart 3.5 and res idua ls i n  

Chart 3 .6. All the coefficients have the expected sign. 

Chart 3.5 
MO annual model, IV estimate: Plot of actual and fitted values 

.197Ir.J 

.e18073 

-.e7173'3 
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29 The equation "vas originally spec i fied us ing the le vel o f  the 

inflation rate and its lag - implicitly d restrict ing MO and making it a 

nominal 1110ney demand equation . H owever, this was easily restricted 

to b e  the change in the inflation ra t e . Hence the e quat i on is both 

statistically and dynamically homogeneous in nominal var iables, 

a lth ough a c oe f f i c i en t  o f  -0.92 on the in fl at i on term d oes g i ve 

substantial nominal inertia. 

Chart 3.6 
MO annu al model, IV estimate: Plot of residuals and s tandard error 
bands 

.873678 
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Table 3.1 
Annual model of MO 

Sample 192 5-92 
Dependent variable D.111 (MO/Pt 

IV Estimation using rt-1 as an instrument for rt 

Explanatory variable 

constant 
D.ln (MO/ P)t-1 
Mln Pt 
D.ln Yt 
rt 
In(Y)t-1 -In(MO/P)t_1 
L ri (i = 1901 , t )  
long run elasticity wrt L.r; 
Notes: 

Coefficient 

-0. 16 
0.67 

-0.92 
0.29 

-0.57 
0.10 

-0.026 
-0.26 

Standard 
error 

0.049 
0.077 
0.122 
0.100 
0.214 
0.029 
0.012 
0.080 

MOt = MO, averages of weekly or monthly figures, 
Yt = Real GDP at market prices, 
Pt = GDP deflator, 
rt = In (l + Rt/100), 
Rt = three-month Treasury bill interest rate, 
D. = first difference operator. 

Diagnostics: 
Fit: 12 = 0 .73 
Residual standard error %: 2.64 
Serial correlation: LM(4) = 0.95 
Functional form: RESET(1) = 0.03 
Normality: JB(2) = 5.85 
Heteroscedasticity: x2("]) = 0.15 

t-ratio 

-3.28 
8.72 

-7.52 
2.93 

-2.68 
3.41 

-2.18 
-3.27 

30 Instrumental va riable estimation nearly doubles the i nterest rate 

elasticity (from -0.32 to -0.57). Tests instrumenting for i n flation and 

output reveal I1tuch sl11aller effects although the short-ru n  o utp ut 

elasticity may be slightly under-est imated by treat ing it as weakly 

exogenous. 
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31 The annual mod el equation seems to work wel l  and recursive 

est imation show it to be reasonably stable.  The main result from this 

equation is that the use of  the cumulative interest rate term to explain 

tren d M 0 vc lo c i  ty a p pea rs to work w ell an d w e  ca n ha ve some 

confidence in using it for quarterly and monthly data . Achieving such 

good results over such long periods, including the war years, is rather 

s urprising  and further econometric  work on long runs o f  data may be 

worthwhile.  

32 One probl em with the annual  mod el is that when the long-ru n 

relationship is freely estimated, the output elasticity is substantially and 

s i gn i fi cantly greater than un ity - whether est imated by OLS or the 

Johansen techn i que .  This is probably related to the cho ice  o f  scale 

variable  as GDP (the only scale variable we have a va i lable over this 

sample period) - a choice which we examine in the next section. 

3.2 Quarterl y da ta 

33 As discussed in Section 2 the most appropriate scale variable for 

real MO is some proxy for the number o f  transactions . The more the 

m eas ure correlates w ith the usage o f  cash, the better .  We consider 

three  a I t erna t i  yes: rea I GDP a t market pr i ces, real  cons umption 

expendi ture on non-durable goods and the volume o f  retai l  sales .  We 

note in passing tha t the trends in these variab les are d i f ferent - pair 

wise thev do not cointegrate. 
J , 

34 We assess the choice o f  scale variable by running three separate 

mod els t hrou gh the Johan sen m ethod for est imat ing cointegrating 

vectors . In each case we use Cl data set comprising one of the three scale 

var iables, MO (seasonally adjusted, logged and deflated by the price 

ind ex of the s cale variable) and a c um u lat i v e  inter est rate term 

constructed as L In (1 + R/4(0); where R is the London 

three-month interban k interest rate. In each case, 2 lags were included 

in the V AR and the quarter-on-quarter inflation rate was inc luded as an 

ad dit ional I(()) \·ariablc. 

18 



35 The results a rc recorded in Table 3 .2 .  Taki ng the GDP based data 

set first, wc easily find cointegration but the long-run elastic i ty of 2.82 

canno t be restric ted to uni ty ( ie if i t  is then i t  does not cointegrate) . This 

i s  reasonably consi stent wi th the result s  fou nd using a n n ual da ta. 

Usi ng non-durable consumption instead o f  GDP does not pass the fi rst  

hu rdle of coi n tegra t ion .  Only when usi ng re tail sales do we o b ta i n  

cOin tegra tion and a coefficient in the 0.5 - 1 .0 range.  I n  fac t  e i ther o f  

these values could b e  i mposed o n  the unrestr ic ted es t ima te o f  0.9 1 .  

Thi s  evidence suggests that retail sales volu me i s  the most accep table 

proxy for transactions and we proceed to estimate a d ynamic quarterly 

model for MO on this basis. 

36 The dynamic  model is repor ted in  Table 3.3. The mos t  s tr ik ing 

result i s  the simplic i ty o f  this equation and i ts s tabil ity over a relatively 

long quarterly sample. As wi th the annual data set we find it helpful to 

ins tru m ent in tere s t  ra tes bu t no t ou tpu t o r  i n fla t ion. No lagged 

dependent variable or lagged explanatory variable is  needed and hence 

the dynamics arc fu l Iy captu red by the f irs t  d i fferences and the ECM 

speci fica tion. 

37 All the coefficients a re correc tly signed . Compar iso n  w i th the 

annual model must be made ca refully due to the d i fferent choice o f  

scal e variab l e as well as the t i m e d i mension . The mo s t  o bv i o u s  

d ifference i s  that the level of inflat ion enters the quarterly mod el and 

hence the e qu a tion is not ho mogen eous i n  the f irst  d er iva t ives  of 

nomina l v a ri a bl es. Thi s  is a common result wi th quarterly data and 

may re flect the shorter sample du ring which in fla tion was qu i te  high 

for a substantial period at the start.  

38 The main object i ve of the quarterly model is to establi sh the most 

app ropria te scale var iab l e . On the ba sis of  co i n tegra tion tests re ta i l  

sales is pr eferred to GDP and co nsumpt ion .  The d ynam i c  mod el 

co nfirms that a satisfactory money demand equation can be est imated 

using retail sales as a scale variable. 
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Table 3.2 
Quarterly model of MO: long-run relationships 

Sample 1 971 Q3 - 1992 Q4 
Johansen est ima tion 2 lags in the V AR 
1(1) variable: In (MOl P)t' In Yt, L ri 
1(0) variable :� in P 

Most likely cointegrating vector 

Scale 
variable 

GDP 

Number of 111 (MO/P)t 111 Yt 
cointegrating 
vectors 

1 - 1  2 . 82 
Non-durables 0 - 1  1 .36 
Retai l  sales 1 - 1  0.91 
Retail sales 1 -1 1 .00 
Retail sales 1 -1  0.50 

Notes: 

Lr· t 

-0.76 
-0.50 
-0.31 
-0.33 
-0.34 

x2(1  )a= 1 3 .5 

x2( 1 )a=0.2 
x2(1 )b= 1 .9 

x2( 1 )a - represen ts result of te sting for a unit elasticity on In Y 
x2( 1 )b - represents result of testing for a 0.5 elasticity on in Y, 
In  each case the pr ice term llsed is  the price  deflator of  the relevant 
scale variable. 
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Table 3.3 
Quarterly model of MO: dynamic equ ation 

Sample 1972 Q1 - 1992 Q4 
Dependent variable !:J.ln (MOl P)t 
IV estinlation using rt-l as instrument for rt 

Explanatory variable 

constant 
!:J.ln Pt 
!:J.ln St 
rt 
ECMt_1 

Notes: 

Coefficient  

0.51 
-0.66 
0.15 

-0.49 
-0.093 

Standard 
error 

0.122 
0.093 
0.065 
0.189 
0.023 

MOt = Break-adjusted, MO last month of the quarter, 
St = Volu me of retail sales 1990 = lOO, 
Pt = Reta i l  sa les denator, 
rt = in (1 + Rt14(0), 
Rt = London 3 mon th interbank rate of interest, 
ECMt = in (MOl P)t - 0.91 St + 0.32 trio 

Diagnost ics: 
Fi t: ,.2 

= 0.67 
Residual sta nda rd error %: 0.79 
Ser ia l  correlation: LM (4)  = 3.78 
Functional form: RESETO) = 0.01 
Normal itv : ] B( 2) = 0.35 
Heterosc�da stici ty: x2(1) = 2.50 

2 1  

t-ratio 

4.22 
-7.18 
2.28 

-2.61 
-3.98 



Chart 3.7 
Quarterly MO model: Plot of actual and fitted values 
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Chart 3.8 
Quarterly MO model: Plot of residuals and standard error bands 
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3.3 Monthly data 

39 The 11'\ 0 nth I y se r i e s for M O  i s v e r y v 0 I a t i I e a n d  d i f f  i c uI t to 

seasonally ad just . We find that the bankers' balances component of MO 

contr ibutes o n l y  no ise and so prefer to use only the notes and coi n  

component. The seasonal pattern is extremely complex but the use o f  

u nadjusted data with monthly dummies serves only to make the s ignal 

extraction problem more d ifficult and thus offers no improvement over 

the use o f  a d j usted data . Relyi n g  o n  the evi de n ce o f  a n n ual a n d  

quarterly data our chosen data set comprises real holdings of notes and 

coin (deflated by the retail sales d eflator) ,  retail  sales volume and the 

cumulative short-term i nterest rate. The data sample was from 1 97 8  

M 1  to 1993 M3.  

40 We start by analysing the long-run relationshi ps usi ng the full 

data sampl e .  The res u lts are sho w n  i n  Table 3 . 4 .  We f i n d  o ne 

cointegrating vector with an act iv ity elasti city o f  0 .65 whi ch can be 

imposed at e ither 0.5 or 1.0. More importantly we find that a number 

o f  dummy variables are needed to ind uce normality i n  the res idua ls 

and there is a possible seria l  correlat ion problem. The serial correlat ion 

is subsequ ently found to be due to seasonality and can be a llowed for 

in the dynamic specificC\tion. 

4 1  Our preferred long-run relationship is to test for and i m pose the 

same elast ic ity on retail sales as we estimated for the quarterly model  

(0.91). The coefficient on the cumulative interest rate term is then freely 

estimated from the fu l l  sample. 

42 Too manv dummv variables tend to d iminish the size of the ECM 
., ., 

c o ef f i ci ent i n  t h e  e q uat i o n .  W e  m i n i m is e  t h e  probl e ms o f  

n on- norm a l i t y  by reduc i ng the d at a  sa m ple  for the d y n a m i c  

specification and the first estinlation period is from 1 9 82 M6. 

43 The res ults for o ur preferred d ynamic model are reported i n  

Table 3 .5 .  As before we use instruments for current i nterest rates . All 
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the vari a b l e  arc c orrec t l y sig n ed . The most notable feature is the 

presence o f  t\;VO terms at l ag 1 2 .  Without these, the equation s u ffers 

from mild scria I corre la tion .  Although there is no obvious evidence of 

seasonality in a ny of the variables there are clearly some problems in 

s easo nally a d j usting the monthly data - possibly due to the use of 

d i fferent filters for notes and coin and retai l  sales. Unadjusted the two 

series have quite d i fferent monthly profiles which cannot be accounted 

for by seasonal dummies . 

44 0 t h e  r f e a t  u r e s  0 f t h e  e q u a t i o n  a r e  t h e  s i g n i f i  c a n  t 

contemporaneous effect from i nterest rates, the absence of  dynamic 

effects from retail sales (there is lagged adjustment but this is captured 

by the E C M  term at lag 1 )  a n d  as i n  o ur other equat i o ns ,  stro n g  

nominal inertia.  The overall fit of  the equation i s  high at 70% a n d  a l l  

the d iagnostics are passed at 5 % .  Omitting the two d ummy var iables 

red uces the fit to 56?/". Charts 3.9 and 3.10 give actual and fitted values 

and residua l  errors. 
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Table 3.4 
Monthly model of notes and coin: long-run relationships 

Sample 1 978 M 5  - 1 993 M3 
Johansen estimation 4 lags in the V AR 
1(1) variables: in (NC/ P)tt In Stt Lrt 
l(O)variables: � In Pt-1 ' 078, 087, 088, 091  
There is one cointegrating vector 

Cointegrating vector 

in (NClP)t in St 

1 0.65 
1 1.00 
1 0.50 
1 0.91  

Notes: 

S t = volume of retail sales, 
NCt = notes and coins in circulation, 
Pt = Retail sales detlator 

Lrt 

-0.190 
-0.335 
-0.1 23 
-0.298 

Rt = building society average share rate, 
r 0. = In ( 1  + R t / 1 200) 
X (1 )  is the test of the restriction on the elasticity of In St. 
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Table 3.5 
M on th ly m odel  of n otes and coin: dynam ic equation 

Sample 1982 M6 - '1993 M3 
Dependent variabl 6/n (NC/ P)t 
IV estin1ation using rt-1 as instrument for rt 

Explanatory variable 

Constant 
61n (NC/P)t-1 
/).In (NC/P)t-12 
/).InPt 
/). In P t-1 
't 
't-12 
ECMt_1 
087 
088 

Notes: 

Coefficient 

0.16 
0.29 

-0.14 
-0.87 
0.43 

-0.56 
-0.58 
-0.025 
0.005 
0.010 

Standard 
error 

0.058 
0.073 
0.054 
0.077 
0.101 
0.177 
0.205 
0.0098 
0.0014 
0.0014 

t-ratio 

2.70 
3.93 

-2.59 
-11.33 

4.23 
-3.15 
-2.83 
-2.53 
3.40 
6.95 

087,088 1, -1 dummies for 1987 M1 and M2, 1988 M9 and MlO, 
ECMt = in (NC/ P)t - 0.91 St + 0.298 Lri' 

Diagnostics: 
Fit: ).2 = 0.7 
Residual standard error CIc: 0,2 
Serial correlation: LM(4) = 1 3.9 
Functional fOnT): RESET( 1 )  = 3.8 
Normalitv: JB(2) = 3.9 
Heterosc�dasticjty: x2 (1 ) = 2.4 
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Chart 3.9 

Mon thly MO model: P lot  of actual and fitted values, IV estimate 
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M on thly MO model: P l ot of residuals and standard error ban d s, IV 
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3.4 The impact of interest rates on MO and notes and coin 

45 One of the main points of  interest is the estimated response of  MO 
to a change in  interest rates . The three models reported in this section 

a l l have significant and contemporaneous interest rate effects <although 

each uses a slightly di fferent interest rate definition) . The presence of  

the cumulative interest term ensures that, ceteris paribus, a step change 

in  the interest rate changes lo ng-run MO growth. Over the short term 

however, it makes less difference .  We compare our preferred quarterly 

e quation with the MO equation from the January 1993 public release of  

the Treasury macroeconomic model and  the pre ferred MO equation 

from Hall, Henry and Wilcox ( 1 989) .  The Treasury equation is based on 

the level of interest rates and a time trend whereas HHW used a similar 

s pecification to ours but excluded any dynamic terms. 

Chart 3.11 
Comparative interest rate response of MO to a one 
percen tage point reduction in short-term rates 
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46 Chart 3. 1 1  reports the effect o f  a 1 percentage point red uction in 

interest rates on the ann u al growth rate o f  MO for the three models. 
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The long-r un responses d i f fer accor d i ng to the spec i fi cat ion (the 

Treasury response returns to a zero growth effect) but the responses are 

s imi l ar d uri ng the secon d and third ye ars o f  the s i m u la bon o The 

Treasury model has no impact e ffect but then compensa tes wi t h  a 

sharper response i m med i ate ly therea fter . The H H W  model s imp l y  

a d j usts very s l owly whereas our e q u ation is c lose t o  its l ong-r u n  

solution a fter four quarters. 

C hart 3 . 1 2  
Comparative i n terest rate response o f  MO t o  a 
one percentage poi nt  red uction in  short-term rates 
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47 M a ki n g  the co mpar ison across mode ls of  d ifferent frequency is 

not so s traightfor ward . Char t 3 . 12  gives the response o f  the monthl y, 

q uarterl y  a nd a nnua l  models as reported in Sections 3 .1  - 3 .3 .  These 

were es timated wi th consis ten t transformations so we can read off  the 

long-run elas ticit ies of  in teres t rates on MO growth as 0.30, 0.31 and 0.26 

respecti vely.  These are remarkably consistent and cou ld easi ly  have 

been i lY'lposed to be id entical . However, the short-run responses are 

less co n sisten t .  The q u arter ly mod el is probably the most p lausible -

29 



adjusti ng to the long run after one year. The monthly model response 

i s  exaggerated by the seasonal effects at lag 12. I f  we remove these then 

t h e  r espo n se pea ks at 0 .7  a fter one year - alth o u gh higher than the 

quarterly model, the in terest rate coefficient could easily be imposed so 

as to remove the remaining d i fference. The annual model is then the 

o u tl ier with an excessive overshoot and large impact effects (given that 

the M O  d ata used are an annual average, not end -year ) .  The use o f  

annual data with a n  E C M  model is  probably inappropriate. We would 

have far greater consistency usi ng the static regression from the annual 

data. 

48 From th is  evidence the order of magnitude o f  i nterest rate effects 

can be in ferred - a 1 percentage point reduction increases MO growth by 

between 0.4 % and 0.7% per annum a fter one year and around 0.4% -

0.5 %  per annum for two years thereafter .  Further out, our est imates 

are consi stent w i th an effect of 0.3% per annum. 

4 Leading indicator properties of MO 

Chart 4.1  
Twel ve-mon t h  growth rates of MO and inflation 
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49 Although mos t emp ir i ca l  w ork o n  MO has c o nc e ntrated o n  

expla in ing MO rather than using MO t o  predict in flation, there have 

been a n u m ber o f  st udies  that have look ed at lead i ng i n d i cator 

propert ies .  One o f  the earl iest published by the Bank of England was 

Crockett (1970), which analysed the contribut ion of  various measures of  

money in  predict ing nom inal expend iture . He fou nd that narro w  

money could predict nominal expenditure and that 

"the lead o f  cha nges in the stock o f  money over changes in money 

incomes is clearer when money is narrowly defined" .  

50 M ore recently, work on V AR models of  i n flat ion ( H enry and 

Pesaran (1993» finds that MO was one of  the most success fu l variables 

for forecast ing i n flation in a V AR context . This res u lt has a ls o  been 

fou nd in other recent studies (eg Bladen-Hovel l and Zhang ( 1991) and 

Peng ( 199 3 » . Ho wever,  g i ven that monetary policy is operated via 

interest r(1tes in the U K, it is di ffic ult to f ind a convin c ing structural 

interpretation of these leading indicator properties .  This section offers 

further ev idence on the sign i f icance, robustness and nature o f  these 

leading indicator propert ies .  

4.1 S ign ificance of MO's lead ing indicator properties 

51 H enry and Pesaran ( 1 99 3 )  attempted to derive the best V A R 

m odel for pred i ct ing in flat i on start ing from a s et o f  over t wenty 

variables.  The final monthly and quarterly models both included MO as 

a Sign i fi cant lead ing ind icator o f  Retail pr i ces excl u d ing mortgage 

interest payments ( R Pr X )  inflation (the monthly model included RP IX, 

M O, produ cer o utp ut pri ces ,  reta il sales a nd industr ia l prod u ct i o n  

wh ilst the  q u arterly m o d el in c l u de d  R P IX ,  M O  a n d  c o ns u mer 

con fiden ce ) .  These resu lts g ive a strong i n d i cation that M O  does 

contain s igni ficant information for predicting inflation, but they d o  not 

provide an expl icit test of its predictive power. I n  order to investigate 

the leading indicator properties of MO on its own we estimated a s imple 

bivariatc V AR of RPIX and MO. This applies a similar methodology to 

31 



Table 4.1: 
B i variate (MO, RPIX) VAR 

M od el esti mates and d iagnostics 

Dependent variable: 1 2  month percentage change in RPIX 

Lag 1 2 3 4 5 6 7 8 9 10 1 1  1 2  

RPIX -0.00 -0. 22  0.2 1 0 .20 -0.61 0.30 -0.72 0.64 0.2 8  0.06 0.16 -0.32 
MO 0.45 0.35 0 . 1 8 0.02 0. 1 1  -0. 1 1  -0. 1 7  -0.09 0.29 -0.10 0.27 -0.30 

SE%:  0.77 82 m6-93m2 (includes V AT and seasona l  dummies) 

Dependent variable: 1 2  month percentage change in MO 

RPIX 1 .20  -0.30 0.1 2 -0.07 0.07 -0.02 -0.07 -0.08 0.18 -0.04 0.01 -0.04 
MO -0.05 0 .0 1 0.05 0 . 1 3  0.00 -0.08 -0.06 0.02 -0.08 0.06 0.02 0.00 

SE%:  0.30 82m6-93m2 ( incl udes V AT and seasonal d ummies) 

*** F-Sta t for exc lusion of MO from RP I X  equation = 3 .09 
*** sign ificant at the 1 % l evel 

I m pulse responses of RPIX to MO 

RPIX 1 st in Ordering MO 1 st in Ordering 
Period 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  

0.0 
0.0 
0.0 
0.0 
0.1 
0.2 
0.3 
0.3 
0.4 
0.4 
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the leading indicator properties of MO on its own we estimated a simple 

bivariate V AR o f  RP [X  and M O. This applies a similar methodology to 

that used by Henry and Pesaran (ie 12 lags of the twelve-month growth 

rates of RP I X  and MO, both unadjusted, and seasonal dummies) .  This 

specification was used largely for s i mplicity and beca use it is the 

twel ve-month gro wth rate of pr ices that is o u r  target variable . The 

model was first investigated in Quah (1993) .  

52 This simple V A R  illustrates that M O  has statisti cally significant 

leading indicator properties for inflat ion .  Incl uding a cointegrating 

relation bet ween the level of MO and RPI X (MO=RPIX proved to be a 

val id cointegrating relation) only marginally  increased the significance 

of M O  as a leading indicator, (this res u lt was a ls o  found in Fisher, 

H udson and Prad han, ( 1 993). Using a first d ifference specification 

gives very similar results, a lso with M O  s ignificant at the 1 % level . We 

therefore concentra te on the simple 1 2th difference specification . The 

wit hin s a lli ple e viden ce for M O 's leadin g indi cator p ro perties is 

supported by out o f  sample forecast tests based on recursive estimation 

and forecasting. Over the period January 1 990 to March 1 993 the model 

has a RM SFE (Root M ea n Square Forecast E rror) of 1 . 1 4  and a The i l  

statistic  of 0.5 for 1 2-month ahead forecasts . These compare favourably 

with a uni variate R P I X  equation (RMSFE 2 .2  Theil 0 .95) ,  the monthl y  

model presented in Henry and Pesaran (RMSFE 1 .49  Theil 0 .65)  and 

macromodel infl a tion forecasts (eg t he Bank of England quarter l y  

model forecC'lst 1 976-89 for the consumer price deflator RMSFE of 1 .5 ) .  

4.2 Robustness of MO's l eading indicator properties 

53 In order to C'l s se ss the rob ustness of these leading ind i cat o r  

pro perties o ver time, we tested for the excl usion of M O  from the V AR 

over di fferent sample periods . Chart 4.2 below shows the values of the 

F-test for the excl usion of  MO over a rolling window of 100 observations 

starting in 1 977111 1 1 1 9851115 and ending in 1 985m 1 / 1 993m5. Although 

the test sho ws some variation over these samples, it rarel y  dips far 

below 5 %  Signi fi cance.  This corroborates the evidence impl icit in the 
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long h i story o f  results su pporting narrow money's l ead ing indicator 

properties, namely that the result appears robust over d i fferent sample 

periods. 

Chart 4.2 
Recursive F-stat istics for MO 
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54 As well a s  testi n g  MO's robu stness over time, it is also important 

to loo k at M O ' s  pe r formance aga inst d i f ferent speci f icat ions  o f  the  

i n f lat ion process ,  s i nce  the results above s imply test MO agai n st a 

u n i varia te represen ta t ion  o f  i n flat io n .  Many tests i n  a mult ivariate 

context were perfonT1ed i n  Henry and Pesaran who tested down from a 

se t of  23 mon th l y  vari ables and 36 quarterly ones, with M O  appearing 

i n  both the q u a r ter l y and mont hly ver sions of the preferred V AR 

models. A l though the i ni tia l  t ra wl through the variab les was done on a 

bi variatc basis, a nu mber o f  multivariate models were also tested . 

55 As a si mple test of M O  in a larger inflation model we constructed a 

V A R  t h a t  i nc l u d es i n d u stri a l  prod uct ion and i nterest rates as wel l  as 

M O  and i n flat i o n .  This lTw d e l  is s im ilar to that u sed in Sto ck a n d  

Watson ( 1 989 ) i n  t h e i r  \Nork o n  money-income cau sa l ity i n  t h e  U S .  
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Excluding MO fro m this model (esti mated fro m 1982m6 to 1993m 2 )  

yields an F-statistic of  1 .99 (significant at the 5% level ) .  

4.3 Interpretation of MO's leading indicator prop erties 

56 As was noted earlier, it is di fficu lt to find a convincing structural 

i nterpretat ion for this statist ical link between MO and i nflat ion . One 

poss ib i l ity is that M O  is s i m ply an e f f i c ie nt comb i nat i o n  o f  the 

i n for mat ion co ntained in its deter m inants . I n  order to test th is 

hypothesis we looked at the relative i mportance of  components of MO 

in determining RP I X .  As Table 4 .2  shows, it  seems that it  is the notes 

and coin element of MO that has the strongest predict ive power, which 

is some what reassuring given the largely erratic behaviour of bankers' 

balances . Interestingly, the s igni ficance of  notes and coi n  is less usi ng 

seasonal ly adjusted data; s uggesti ng that some o f  the M O  i ndicator 

propert ies comes fron'! its ability to follow the stochastic seasonal ity o f  

in flat ion . G iven that n otes a nd co in are also a good indicator o f  

i n flat ion , it is poss i ble t o  use the monthly notes and coi n  e quatio n 

(descr i b ed in sect ion 3 . 3 )  to test whether it is  the e x pla i ne d  or 

unexpla ined component of notes and coin ( ie fitted values or residuals) 

that is a useful leading indicator of  inflation . Table 4 .2 shows that it is 

unexplained component that has predictive power for RPI X  suggesting 

t h at  the i n for m a t i on i n  M O  i s  not c o n t a i n e d  i n  its i de nt i f i ed 

determinants. 

Table  4.2 

Sources of MO's indicator properties 

Exclusion 
of: 

F-statistic 

Notes & coin 
( llnadjll stcd)  

*** Sign i ficant a t  1 ('le l evel 
** signi fi cant at 5 (1r· level 

Notes & coin Fitted values Residuals 
(adjusted) 

** 2.4 1 .5 
* * *  

3.5 
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57 H a v i n g re jected the h ypot hesis t hat M O's  lea d i n g i n d i cato r 

properties are due to its i denti fied determinants, we are sti l l  left w it h  

the  pu zzle  o f  fi n d i ng a pl aus ib le  st ructu ra l e xplanat ion for t hese 

properties . 

5 Concl usion 

58 This paper has consi dered fou r  aspects of the behaviour of M O :  

the trend i n  velocity, M O's relationships with expenditure and interest 

rates and its lead ing i nd icator  properties for i n flat ion.  It was fou n d  

t hat by us ing cumulat ive i nte rest rates a s  a measu re o f  endogenous 

i n novat i o n  a n d  reta i l  s a l es as a s ca l e  v a r i a b l e ,  a fa i r ly ro b ust 

s pe c i f i cat ion o f  the demand fo r M O  cou l d  be fou n d  with plausible 

p rope rt ies over d i f fe re nt sa m p l e  per iods a n d  d ata fre q ue ncies . 

However, esti mates of  the short run i nterest elastic ity o f  demand for 

M O  obta i ned from our  models, a lthough not signi ficantly d i fferent i n  a 

statisti ca l sense ,  a re soniew hat va r iab le .  The lea d i ng i nd i cato r 

prope rt ies o f  MO \:\' i t h  res pect to i n flation appear to be remarkably 

robust across both the tests used and the sample periods chosen .  But it 

rernai ns di Hi cu I t to formu la te a clear structural story which explains the 

l i n k  b et w e e n  M O  a n d  i n f l at i o n .  T h i s  resu l t  d ese rves fu rt h e r  

i nvest igation .  
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