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Introduct ion 

Monet ary policy in the UK is w idely regarded as an important ins trument 

for the atta inment of certain macroeconomic obj ect ive s  and, as a consequence, 

various meas ures of money have been moni tored over the last decade by 

HM Treasury and the Bank of England . Focuss ing attent ion on a range 

of monet ary aggregates has been necessi tated both by the lac k of a clear 

theore t ical de f init ion of money and by the d ivergent hi storical behaviour 

of the f inanc i al assets used in construct ing empirical de finit ions . This 

can clearly be seen from Charts 1 and 2, which plot, respect ively, the 

t ime paths and growth rates of the asset groupings mak ing up the broadest 

mone tary aggreg ate currently avai lable, PSL2 ( 1) . 

Much le ss attent ion, however, has been paid to the way in which the 

indiv idual assets are comb ined to form mone tary aggreg ate s .  Aggregat ing 

assets by s imple summat ion has been the trad i t ional method, thus def ining 

the quant ity of money as the wei ghted sum of the tot al value of all asse ts, 

the ass igned we ights be ing e ither uni ty, i f  the as set is  included in the 

def init ion, or zero if it is excluded . 

with the recent publicat ion of time series data on a w ide set of financial 

assets, deta iled examinat ion of the joint quest ions of the appropriate 

definition of money and the correct method of aggreg at ion has become 

poss ible . This paper presents the results of cons iderable rese arch into 

these two quest ions . 

Sect ion 2 sets out and d i scusses the data base used in this research . 

One approach to the de finit ion of money and the assoc i ated me thod 

of aggregat ion is to de f ine money empirically as that we ighted 

collect ion of assets which is the bes t  pred ictor of a goal vari able, say 

nominal i ncome . Standard regress ion techniques may then be employed to 

determine the appropriate wei ght ing scheme . Sect ion 3 presents re sult s  
us ing this me thodology and also uti lises informat ion theore tic concept s to 

ascertain how much informat ion on movements in nom inal income is contained 
in the set of f inanc i al asset measurements and to asse s s  how much of this 
informat ion is los t by f irst restrict ing at tent ion to subsets of the se 
component assets and then summ ing these subsets to form the trad i t ionally 

(1) Charts are contained in Append ix B. 
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def i ned mone tary aggregate s .  Sect ion 4 then prov ides alternative empirical 

de f i n i t ions of money by construct i ng we ighted aggregates us ing princ ipal 

component analys i s . 

Such empirical de f init ions may be cri t i ci sed as be ing e ssent i ally ad hoc 

and hav i ng no bas i s  in economic theory . For ' money ' to be an economic 

good measuring the economy ' s  transact ions serv ice s, it must be capable of 

be i ng tre at ed as a single quant i ty whi ch can be select ed wi thou t regard to 

the quant i t ies of the assets over whi ch i t  is de f i ned . The level of 

transact ions services prov ided by these as sets is  then a funct ion of the 

asset quant i t i es alone, this funct ion be ing known as an aggregator funct ion . 

The trad i t ionally constructed aggregates assume that this aggregator 

funct ion is a s imple sum, thus implying that all assets included in the 

aggrega te are perfect subs t i t utes for each other but have zero subs t itutabili ty 

w i th respect to all excluded asset s . Sect ion 5 develops thi s line of 

arg ument by assuming that all assets prov ide both liqu id i ty ( i e transact ions) 

and s tore-o f-value service s  to holders, although in d i f ferent proport ions . 

The broad s um aggreg ates thus implici tly v iew d i st ant subs t i tutes for money 

as perfect subst itutes for currency and there fore tend to swamp the included 

transact ion serv i ces w i th heav ily we ighted s tore of value serv ices . 

Narrower aggreg ate s, for example M 1 , regard assets close to transact ion 

balances as prov i d i ng no liqu idity and hence tend to capture only part o f  

the economy ' s  transact ion serv ices . We there fore requ ire aggregates that 

appropri a tely capture the contribut ion of all f inanc i al asse ts to the 

economy ' s  flow of transact ion serv ice s . The aggregator funct ion that w ill 

accompli sh this, known as an economic quant i ty aggreg ate, will rarely be 

ava ilable in pract ice . In princ iple, the funct ion could be spec i f ied and 

e s t imated and attempts have been made to do so, but aggregates depend ing on 

est imated parame ters are rarely thought sat i s f actory, part icularly i f  they 

are to be reg ularly publi shed by government agenc ies . 

Alternat ively, stat ist i cal quant i ty i ndex numbers may be constructed . Such 

index numbers contain no unknown parameters but do cont ain prices . 

Thus to use index number theory to construct monetary quant i ty aggregates, 

price data are required for each-component asset . Sect ion 6 construct s such 

pri ce s  from i nt eres t  rate data u s i ng an analogous theory to that of deriving 

the rental price or user cos t  of a d urable good . Hav i ng ava ilable both 

quant i t y  and price data for the component assets, a suitable index number may 

then be selected . Thi s  may be chosen from a class of index numbers having 

de s i rable propert ies and which are related to the aggregator funct ions 

introduced in Sect ion 5. A part icularly attract ive index number in the 
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present cont ext is the Divisia, and S ect ion 7 uses this index to construct 

a hierarchy of monet ary quant i ty i ndice s . Dual to a quant ity index i s  a 

price index, and the correspond ing hierarchy of monet ary price ind ices are 

also cons tructed . These ind ice s  may be interpreted as the opportunity 

cost or "own price" of the ir dual quant i ty index . 

The hi storical behav iour of these sets of ind ices and assoc i ated veloc i t ies 

are d i scu ssed in Sect ion 8 ,  comparing the t ime paths of the D iv i s i a  quant ity 

ind ices and ve loc i t ie s  with the evolut ion of the correspond i ng 

trad i t ionally defined s um aggregates . 

Time seri es representations of the sum aggregates and the D iv i s i a  ind ices 

and veloc i t i es are prov ided in Sect ion 9. univariate models of these 

series are obta ined and the i r  decompos i t ion into trend, se asonal and 

irregular component s is performed . 

Sect ion 1 0  est ima tes feedbac k measures be tween the D iv i s i a  monet ary aggregates 

and nominal income and i ts price and output component s .  These measures are 

compared and contrasted w i th those obta ined u s ing the trad i t ional s um aggregates . 

Demand funct ions for the hierarchy of Divisia  monetary quant i ty aggregates 

are developed i n  sect ion 1 1 , utilis ing the ava i lab i l i ty of the dual price 

ind i ces to incorporate proper opportuni ty cost vari ables into the analys i s .  

The trend component s obtained from the t ime seri es decompo s i t ions of the 

monetary aggregates are used in Section 12 to il lus trate the implicat ions 

of the quant i ty theory as a propos i t ion concerning the long run behav iour 

of money and income . Sect ion 13 f inally draws toge ther this battery of 
results to present overall conclus ions reg ard i ng t he appropriate de f init ion 
of a mone tary aggreg ate . 
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The Data Base 

The components of "private sector l iquidi ty" used in the cons truct ion of 

the PSLl  and PSL2 aggregates are avai lable on a quarterly bas is from 1 9 6 3  

and these seri es , plus the add i t ional components requ ired t o  cons truct the 

M3 agg reg ate , form the data base for the empirical work undertaken in thi s  
paper ( l ) .  The full set of monetary components , and the sum aggregates 

constructed from them ,  are l i sted as Table 1 ( 2 ) . These components and 
aggregates are u sed i n  the work reported i n  sect ion 3 .  Certain of the 

components have almost ident ical characteri st ics and in subsequent analys i s  
these have been comb i ned . The result ing set of assets , along w i th 

al ternat ive aggreg ate grouping s ,  are shown in Table 2 .  An interest rate can 

be ident i f i ed w i th each of these assets and these are also shown in Table 2 .  

I n  the empirical work reported , various other macroeconomi c  t ime series are 

used . Gross dome s t ic product at factor cost is  employed as the proxy for 

nominal i ncome and i n  the demand funct ions developed in Sect ion 1 0 ,  the pri ce 

and output component s of th i s  series are also u sed . 

sect ions , the re ta i l  price index i s  also employed . 

In  the work of other 

All series are seasonally unadj usted and the data period ends in 1 9 8 1  Q4 , 

g i v i ng a total of 7 6  observat ions . Duri ng 1 9 8 1 , however, def i n it ional 

changes were made to some of the monet ary components and certain distort ions 

to the data arose as a result of the civil  servants' d i spute ( 3 ) . As a 

consequence , the data period for many of the empirical exerc i ses was 

termi nated at 1 9 80 Q4 , although all aggregates were constructed up to the 

end of 1 9 8 1 . 

( 1 )  See F i nanc i al Statist ics, August 1 9 8 0  and s ubsequent is sue s .  

( 2 )  Tables are cont ai ned i n  Append i x  A .  

( 3 )  The de f i n i t ional ch anges are set out in the Bank o f  E ngland Quarterly 
Bulle t i n ,  December 1 9 8 1 , pages 5 3 1 -9 .  
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In format ion Cont ent and Aggreg at ion Propert ies of the Mone tary Components 

Official targe ts for UK monet ary growth have been announced s i nce mid- 1 976 , 

init ially for M 3 , bu t ,  from December 1 976 , i n  terms of £M3 . In the 

G�vernment 's medium-term f inanc ial strategy (MTFS ) of 1 9 8 0 , fut ure targets 

were set and it was stated that , although the growth of the money stock 

would be progress ively reduced , the aggreg ate be ing t arge ted migh t be 

altered from t ime to t ime as c ircumstances change . Such an alterat ion 

occurred in M arch 1 9 82 when a move was made towards mon i toring a range of 

aggreg ates rather than simply £M3 . 

For monetary t argeting to be succe ssful , a chosen aggregate should sat i s fy 

two pri nc ipal requirement s .  First , there should be a sufficiently 

wel l-established l i nk between the aggregate and the goal vari able the 

authorit ies wish to inf luence . Th i s  will  permit a target growth path 

for the aggregate to be determined wh ich will  be cons i s tent w i th a 

part icular growth path of the goal vari able . The second requirement i s  

that the growth o f  th is aggregate should be su ff ici ently sens i t ive to the 

act ions of the authorit ies to allow the target growth path to be ach ieved 

qu ickly and smoothly . 

Th is and the succeed i ng sect ion prov ide a quant itat ive as se ssme nt of the 

alternat ive aggregates in terms of the ir abi l i ty to predict movements in 

nomi nal i ncome , t h is variable being chosen because it is that cons idered i n  

theore t ical work o n  the role o f  monetary pol icy [Friedman ( 1 970 ) )  and has  

also been proposed as  an  appropri ate goal vari able in the  UK by Brittan 
( 1 9 8 1 ) • Almost ident ical qual itative ,  and very of ten quant i tat ive , res ults 

were obtained for the price leve l ,  this  be i ng the goal vari able st ated in 
the MTFS . 

In carry i ng out th is as sessment , the present sect ion f irs t concentrates 

attent ion on the behav iour of the ind iv idual monetary compone nts underlying 

the constructed aggregates and on the role of aggregation i t self . The 

informat ion content of the mone tary components in terms of the i r  collect ive 

ab i l i ty to pred ict movements in nominal i ncome is calcul ated and an evalua t ion 
is  then made of how much of th i s  in format ion is los t  by f irst re strict ing 

attent ion to subsets of these components and then summing the components of 
these subse ts to obt ain the tradi t ionally de f i ned s um aggregate s .  



The informat ion me asure u sed i s  a variant of th at introduced by T i ns ley 

et al ( 19 8 0 )  and i s  developed in M i l l s  (19 8 3 a ,  b) , the results  of wh ich 
are now s ummari sed . 

The informat ion content of the vec tor of monetary component s c = ( c1 ' • • •  ' c ) - k 
w i th respect to a s ing le goal v ari able y at a response lag d ,  denoted 

Id ( y/�) , i s  defi ned as : 

where R2 * ( d )  i s  the P i erce ( 19 7 9 ) mul t iple correlat ion coeffic i ent measure 

obta ined from the regres s ion 

n k 
L a y + L Q .  c .  d + Ut r= l -r t-r i= l I-' 1 1, t- t= 1 ,  2 ,  • • •  T ( 3 . 2 )  

Models o f  th i s  form were est imated with nom inal i ncome as y and response l ag s  

running from d = 0 to 9 .  

2 
Table 3 ( a)  shows both the informat ion content measure s and R * stat ist ics 

so obta ined . S i nce R
2

* = 0 correspond s to the restrict ion 

S l = = Sk = 0 ,  the sign i f icance of the R2 * values can be exam ined 

by convent ional tes t i ng procedures , the cri t ical values be ing shown in 

pare ntheses . All R2
* statist ics are sign i f ican t ,  thus imply i ng that the 

set of current monet ary component measurements do cont ain s ig n i f icant 

i n format ion concern i ng future movements in nominal i ncome . 

Conce ntra t i ng attent ion on a subset o f  the components , 

( j )  

c = ( c l ' • • •  , c j ) ,  j < k ,  say, imposes the set of k - j restrict ions 

= Sk 
= 0 on ( 3.2 ) . The informat ion los s  is  then g iven by : 

L (Y/C ( j ) : c )  = 1/2 In [ 1 - R�* ( j )  1 
1 - R * 

( 3 . 3 )  

where R2 * ( j )  i s  obta ined from the res tricted reg ress ion . 
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Th i s  informat ion loss may be tested for stat i s t ical s ig n i f icance by not i ng 
( . ) 2 that 2 T . L(y/£. J : c) '\., X (k - j )  on the null hypothe s i s  6 j + 1 = • • •  = 6 k = O. 

If the subset of components £.(j ) are then summed to obtain the agg r egate 
j 
L: 

i= l 
the fur the r set of J. r estr ict ions 6 = 6 = 1 2 = 6 .  

J 

are imposed on (3 . 2 ) . Since these two sets of restr ict ions form a nest of 

hypotheses , they can be tested sequenti ally [see M izon ( 1 9 7 7 )  and M ills ( 1 98 1 a) ] .  

Table 3 (b)  shows the consequence s of r e s t r ict ing attent ion to subsets of c .  

Restr ict i ng attent ion to anyth ing les s  than the component s of the broade st 

agg r egate , PSL2 , i nvolves sign i f icant , and , for the nar rowe r agg r egates , 

almost complete , i nformat ion loss . The consequences of con s t r uct ing sum 

agg r egates from these subsets are shown in Table 3 (c) . Becau se of the nes t i ng 

of the implicit  sets of hypotheses contained i n  sum aggr egat ion , a sign i f icant 

informat ion loss in Table 3 (b)  implies a sign i f icant informat ion loss for s um 

agg r egat ion and hence the incremental informat ion los s  de f i ned i n  Table 3 (c)  need 

not be evaluated . For those that do requ i r e  calculat ion , all i ncrement al 

informat ion los ses ar e s ign i f icant , thus r e j ec t i ng the hypotheses of sum 

agg r egat ion at the second s tage of the sequent i al test ing procedur e ( l ) .  

These result s the refore show that , i f  informat ion content (or predict ive power ) 

with r espect to a chosen goal var i able is the relevant cr iter ion for 

construct ing a monet ary agg r egate , s imple sum agg r egat ion is an inappropr i ate 

procedure to adopt . The above analys i s  suggests the possibil i ty of using 

informat ion content to constr uct weighted s um agg r egates based upon the 

est imated coefficients of (3 . 2 ) . Such a procedur e  is , howeve r ,  i nfeas i ble here 

because seve r e  coll i nea r i ty be tween the components of £. pr events prec ise 

coe f f icient est ima t ion , and a lac k of degr ees of freedom r eq u i r es a set of 

response lag s to be used rathe r than d i s t r i buted lags on the c. componen ts . 
1 

As an alte rnat ive approach , the following n�dels we r e  cons ide r ed (not i ng that 

EM3 and M3 form a separate nest to that of PSL l and PSL2 ) ,  

Cl. 1 (B) Yt = 61 (B)  M\ + Y l (B)  (EM 3 t-M\) + 0
1 (B)  (M 3 t-£M3 t) + u 1 t  

Cl.2(B ) Yt = 62 (B )  M l t + Y2 (B)  (PSL l t-M l t ) + 0
2(B )  (PSL2 t-PSLl t ) + u2t 

(3.4) 

(3.5) 

( 1 ) I t  is often argued [see eg A r t i s  and Lewi s  ( 1 981 , ch 4)1 that the choice 
of £M3 was dict ated partly by the fact that a change i n  £M3 can be decomposed 
into a set of counte r parts wh ich r eflect the policy ope r at ions o f  the 
autho r i t ie s ,  and hence provides a link be tween f i scal and monetary pol icy.  
M ills ( 1 983 a)  shows that the implic i t  agg r egat ion o f  these coun t e r pa r t s  
into EM3 also i nvolves a cons ide r able and s ign i f icant informat ion loss . 
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whe r e  the � ( B )  e tc ar e polynomials in the lag ope r ator B . 
1 

In equation ( 3 . 4 ) , for example , the hypotheses H , : Y, ( B )  = ° , (B )  = 0 ,  

H2: 8, ( B )  = Y, ( B ) , 0, ( B) = 0 and H 3: 8, ( B )  = Y , ( B) = cS , ( B) cor r espond , 

r espec t ively , to M 1 , £M3 and M 3  be i ng the appropr i ate reg ressors  wh i le 

H4: 0, ( B )  = 0 r estr icts the mode l  to allow only M 1  and ( £M3-M ' ) to appear 

as regressor s .  These hypotheses may be tested to determine wh ich , i f  any, 

of the "sum agg r egation " hypothe ses H 1 , H2 and H3 a r e  data acceptable or 

whe the r a " we igh ted agg r eg ate" , H4 or the maintained model ( 3 . 4 ) , i s  

requ i r ed .  Simi l ar sets o f  hypothe se s  can be constructed for equat ion ( 3 . 5 ) . 

On est ima t ion of these equat ions , the test stat ist ics shown in Table 4 wer e  

obtai ned . All the sum agg r egat ion hypotheses a r e  rej ected at very small 

marg i nal s ign i f icance level s ,  thus con f i rming the f i nd i ngs of Table 3 ,  and 

the only hypothes i s  not strong ly r e j ected (marg i nal s ignif icance level of 

approx imate ly . 0 4 )  i s  that only M 1  and ( £M 3-M ' ) are requ i r ed as reg r essor s 

in equat ion ( 3 . 4 ) , i e  that fore ign cur rency depos i t s  (M3-£M 3 ) do not help in 

pred ic t i ng movements in nominal i ncome . 

B ased on these est imated model s ,  weighted agg r eg ates may be constr ucted i n  

t h e  fol lowi ng manner [th i s  may be regarded as an exten s ion of the approach 

of T imbe r lake and For t son ( 1 96 7 )  and Laumas ( 1 9 6 8 ,  1 9 6 9 ) ] .  

equ i l ibr i um solut ion o f  ( 3 . 4 )  is: 

y = bM' + c (£M3-M 1 ) + d (M 3-£M 3 ) 

whe r e  b = B1 ( 1 ) , c = y, ( 1 ) and d = 0, ( 1 ) 

0.,(') 0.,(') Cl, ( 1 )  

The stat ic 

(3.6) 

We may e i ther norma l i se by sett i ng the ' moneynes s' we igh t of M ' as un i ty 

to obta in: 

We ighted (M3 ) , = M 1  + � ( £M3-M 1 ) + � (M3-£M 3 ) (3. 7 )  

o r  form e i the r o f  the we igh ted aver ages: 

We ighted (M 3 ) 2 
b = ( b+c+d ) 

c d 
M ' + ( b+c+d ) (£M3-M 1 ) + ( b+c+d ) (M3-£M 3 )  ( 3 . 8 )  
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we igh ted (M3 ) 3 = (b-c ) M 1  + (C-d ) £M 3 + (�) M 3  b b b 
(3 . 9 )  

Ag a i n ,  s imilar cons tr uct ions apply for the results obt a ined from e s t imat i ng (3 . 5 ) . 

The stat ic equilibr i um solut ions ar e: 

y = -2 2 5 0  + 1 . 4 6M 1 + 0 . 6 7 (£M3-M 1 ) (3 . 1 0 )  

and 

y = -3 08 1  + 1 . 6 0M 1  + 0 . 6 2  (PSL 1 -M 1 ) - 0 . 0 9  (PSL2-PSL 1 )  (3 . 1 1 )  

After delet ion of the small negat ive coe fficient in (3 . 1 1 ) , the alternat ive 

we ighted agg r egates so constr ucted are shown in Table 5 .  

These we igh ted aggregates conf i r m  that restr ict ing attent ion to M 1  alone is 

inappropr i ate , although it doe s take the largest we igh t in all forms . The 

result s suggest th at , i n  pred ict ing future movements of nomi nal income , 

both M1 and a broader aggr egate , either £M3 or PSL2 , should be mon i tored , 

with a somewh at g r eate r we ight be i ng g iven to the behav iou r of M 1 . 
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4 

Empirical Def i n i t ions of Money 

The construc t ion of we ighted money aggregates based upon the ab ility of the 

components to pred ict movements in nominal i ncome may be cri t i c i sed for be ing 
an arb i trary , ad hoc procedure . The reduced forms est imated i n  the prev ious 

sect ion may be struct urally uns table [M ills ( 1 9 S 0 a) and M ills and Wood ( 1 97 S )  

both emphas i se the import ance o f  the exchange rate reg ime i n  the 

i nterpretat ion of such models] and may yield bi ased estimates because of the 

om i s s ion of import ant add i t ional explanatory vari able s ,  for example measures 

of world trade and pr ices . Thus the weights entering i nto the compos i te 

aggreg ates may be both b i ased and subj ect to period ic shifts , ne i ther of 

wh ich w ill inst ill gre at con f idence in these aggregate s .  

An alternative stat i s t i cal approach i s  to as k the ques t ion: i f  the vari at ion 

i n  the ind iv idual monetary components is  to be summari sed as closely as 

possible by a linear combi nat ion of the component s ,  what is  the best linear 

funct ion? Princ ipal component analys i s  prov ides the solut ion to th is 

que st ion and i n  so do ing furni shes a set of we ights by wh ich the components 

c an be aggreg ated . 

Because the components have w ide d i f ferences in their orders of mag n i tude , 

growth rates of the �s se t s  l i sted i n  Table 2 were used as the dat a set . 

Thus principal component analys i s  was performed on the two sets of assets 

M a = (�ln mo ' �  ln m 1 * * , �ln m2 ) and � = (�ln mo' &n m 1 * ,  �ln m4 , �n mS ' 

�ln m6 , �ln m7 , � ln mS ' �ln m9 , �ln m 1 0 * )  where m 1 0 * = m 1 0  + m 1 1 , 

ie  analys i s  is  carr ied out over the assets mak i ng up £M3 and PSL2 . The 

f irst and second princ ipal components , with the as soc i ated percentages of 

variat ion expla i ned , are shown in T able 6 ,  these be ing denoted p
a

1 , Pa
2 

Pb
1 and Pb

2 respect ively . 

The f irst pr i ncipal component may be regarded as a me asure of the liqu i d i ty 

serv ices prov ided by the alternat i ve as sets . All factor load i ngs are 

pos i t ive and have a tendency to be smaller for the more d i s t an t  subs t i t utes 

for curre ncy . As these f irst pri nc ipal components expla in only a modes t 

proport ion of the variance of the asset growth rates,  the second pr i nc ipal 

component is of some importance . Interpret at ion of th is component is  

generally rather d i f f icult , but one pos s ibility here is  that i t  is  a meas ure 
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of the "store of wealth" charac te r i st i c  of money, pe rhaps of the "r ainy day 

nest egg" type , as many of the mor e  illiquid assets ente r wi th negative 

factor load i ngs . 

Table 6 also constructs we ighted aggr egates of the g rowth r ates , Q and a 
Qb ' by scal ing the facto r load ing s  to obt ain share we igh t s .  The as set 

m , tr ansact ion balances , is again weighted most he avily ,  although for 
o 

the PSL agg r eg ate the we ights are spread ove r  a wide spec trum of assets. 

Even so , the results aga in are cons i stent w i th the rej ection of simple sum 

aggr egat ion as an adequate means of summar i s i ng the asse t dat a .  

These pr i nc ipal component we ighted agg r egate s  wer e  compared w i th the 

trad i t ionally defined sum agg regates in the i r  ab ility to pr ed ict movement s 

in nomi nal i ncome by est imat ing models of the form( l ) :  

CX( B )  In Yt = 8(B) I n  M + U t t (4 . 1 )  

2 Equat ion standard e r ro r s  and R * stat ist ics are shown in Table 7 .  The 

Q and Q agg r eg ate s are clearly infer ior to all of the sum aggregate s ,  a b 
of wh ich EM3 and PSLl are the best pred ictors  of nomi nal income . Th us , on 

pred ict ive cr iter i a ,  the use of stat ist ical data analysis to cons tr uct 
2 mone tary agg r eg ates is  not validated . The small values of the R * 

stat i stics,  howeve r ,  show that , after the past h i story of nom i nal income is  

taken into account in pr ed ict ing cur rent nom inal i ncome , l i t tle of the 

remain ing var i at ion is expla ined by any of the money agg r egate s ,  sum or 

we ighted , thus suggest ing that pred ict ive powe r is  a poor cr iter ion on wh ich 

to base dec i s ions conce rning the appropr i ate def i n i t ion of money . Indeed , 

it may be pe r suas ively argued that money should not ,  and pr obably cannot , be 

de f i ned empi r ically and that any def i n i t ion must be developed from monetary 

bheory i tself [Mason ( 1 9 7 6 )  prov ides a cr i t ique of emp i r ical de f i n i t ions 
of money] • 

( 1 ) We igh ted agg r eg ates constr ucted f rom a pred ict ive cr iter ion are obv iously 
excluded from this  compar i son as such tests would be bi ased i n  favour of them . 



Econom ic Monetary Agg r eg ates 

The empi r ical de f i n i t ions of monetary agg r egates deve loped in the pr ev ious 
sec t ions have pa id scant cons ider at ion to cruc i al que st ions conce r n i ng the 
theo r e t ical role of money i n  the economy . For such agg r eg ate s to be use ful , 

they must co i nc ide w i th a concept o f  money that is  both economically meani ng ful 
and me as u r ab le . By t h i s  we mean that a monetary agg r egate , M say ,  must be 

able to be treated in economic agents dec i s ion-mak i ng as the quant i ty of a 

s i ng le good , the des i r ed level of wh ich may be selected wi thout regard to its 
compo s i t ion . The allocat ion of M ove r  its  component elements can then be 

accompl i shed i n  a late r second stage dec i s ion , cond i t ionally upon the 

pr echosen agg r egate level of M .  Var ying the relative quant i t ie s  of the 

components w i th in M wh ile holding the agg r egate leve l constant must not 

af fect the pr e fe r ence order ings over M and other goods . I f  M i s  not a good 

in th is fundamental sense , prefer ence orde r ings ove r M and othe r good s will  

appear to sh i f t  whenev e r  the re l at i ve propo r t ions of  the components of M change . 

Thu s ,  i f  the concept of money i s  to have any economic meaning , an aggr eg ate 

o f  f i nanc i al asset s  must ex i s t  wh i ch is treated by the economy as if  it 

we r e  a s i ng le good , and that good can be termed ' money' . Followi ng 

Ba r ne t t  (1980 , 1981 chapte r 7 ) ,  such an agg r egate , known as an economic 

quan t i ty agg r eg ate , is a func t ion of the as set quant i t ies alone,  the cho ice 

of these quant i t ies bei ng i ndependent of the levels of any othe r var iable s . 

W i thout these wseparab i l i tyn cond i t ions ,  any agg r egate is inhe rently 

a r b i t r ary and does not de fine an economic var i able( 1 ) .  

When such an economic monetary quan t i ty agg r egate ex i s t s ,  i t  can be shown 

to possess the prope r t ies of a k nown u t i l i ty func t ion for f inanc ial assets ,  

and , i f  th is i s  the case , such an agg r eg ate i s  said to be cons i s tent . 

The economic quant ity agg r eg ate cannot be known exactly wi thout knowledge 

of th is und e r lyi ng u t i l i ty funct ion . All t r ad i t ional monetar y  agg r eg ates 

are con s t r uc ted by s imple summat ion of components . Thus , i f  these agg r egates 

have any economi c  ( as opposed to account i ng )  meaning , they must have been 

g ene rated by a ut i l i ty funct ion for f inanc i al assets possess ing the same 

( 1 ) These sepa r ab i l i ty cond i t ions , der ived f rom Green ( 1 9 6 4 ) , are  ana lysed 
formally in Barnett ( 1 980 ) . 



1 3  

simple unwe igh ted summat ion form used i n  constr uct ing the agg r egate . Such 

a ut i l i ty funct ion r equires the assets ove r  wh ich i t  is defined to be 

perfect subs t i tutes i n  ident ical rat ios , ie  the included f i nancial asset s 

must be ind i st ing u i sh able . 

The ut i l i ty funct ion of money that we are cons ider ing may be rega rded as 
dete rmi ning the level of tr ans action services prov ided by the set of 

financ i al assets . As we have noted , the broade r sum agg r egates impl i c i t l y  
iew d i s tant substitu tes for money a s  per fect subs t i tutes for cur rency , thus 

swamping the i ncluded t r ansact ions ser vices with heav i ly we ighted s tore of 
alue or i nves tment service s . Nar row sum agg r egates r egard assets close to 

transact ion balances as prov iding no liquid i ty and hence only captur e  par t 

of the economy ' s  tr ansact ion serv ices . 

Thus the appropr iate economic mone tary agg r egate is that de termi ned by the 

r lying u t i l i ty funct ion for f inancial asse ts , this  funct ion be ing 

the aggr egator funct ion . In pract ice , th is aggr egator 

and hence the economic agg r egate are not known . In pr i nc iple , the 

could be spec i f ied and estimated and at tempts to do so have been 

[see eg Chetty ( 1 9 69 ) ) . However , agg r egates depend i ng upon est imated 

ameters are unsat is factory as they r equ i r e  both assumpt ions about the 

i f ied model and a cho ice of data and est imator to be made . The 

ry of stat is t ical i ndex number s  has been developed preci sely to prov ide 

rame ter- f r ee aggr egates , and it is to th is theory that we now turn . 
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Stat i s t ical Index Number s  

An economic quant ity agg r eg ate depends only upon component quant i t ie s  and 

unknown par ame t e r s ,  and does not involve pr ice s . On the othe r hand , 

stat i s t ical i ndex number s  do not depend upon any unknown par ame t e r s ,  but 

quant i ty i ndex number s can depend upon component pr ices as well as component 
quant i t i e s . The link between economic agg r egates and stati st ical i ndex 
numbe r s  is prov ided in D iewe r t  ( 1 97 6 ) , who also introduces the concepts of 
exact and supe rlative i ndex numbe r s . 

A quant ity i ndex be tween per iod s  t- 1 and t ,  Q (�t- 1 ' �t ; �t- 1 ' �t) '  i s  a 

funct ion of the pr ice s  in per iods t- 1 and ��t- 1 > 0 and �t > � and the 

cor r e spond i ng quant i t ie s  �t- 1 > � and �t > �. Diewe r t  ( 1 9 7 6 )  de f i ne s  such 

an i ndex to be exact for a g i ven agg r egator function , f ,  i f  Q(�t- 1 ' �t ; 

�t- 1 ' �t ) = f(�t) / f(mt_ 1 ) whenever mt > � i s  the value of m > 0 wh ich 

max imi ses f(m ) sub j ect to TIt' � < �t ' �t ' i e  the quant i ty i ndex numbe r is 

exact i f  it exactly equals the agg r egator funct ion wheneve r the data is 

cons i s tent w i th max imi s ing behav iour . 

In cont inuou s t ime , H ulten ( 1 97 3 )  has proved that the D iv i s i a  index , def i ned 

by the d i f fe r en t i al dlogQ = Lw . dlogm. , whe r e  w . = TI . m . /TI ' m ,  i s  always exact for 1 1 1 1 1 - -

any cons i s t ent agg r eg ate . No always-exact index number s  are known in the 

d i sc r e te t ime case , but D iewer t  ( 1 9 7 6 )  de f i nes an index number to be 

' supe r lat ive ' i f  i t  is  exact for some agg r eg ator funct ion wh ich can prov ide 

a second orde r approx imat ion to any linearly homoge nous agg r egator funct ion . 

Within  the class of supe rlat ive index numbe r s  (wh ich also cont a i ns the F ishe r 

Ide al ) , the Tor nqu i s t-Theil D i v i s i a  index h as been found to be especi ally 

useful . It is  de f i ned as: 

T- 1 k 
log QT - log Qt = L S i t  (log mi t  - log mi ,  t- 1 ) t 

i= l 

whe r e  S i t  = (w . t + w . t_1 ) /2 
1 ,  1 ,  

(6 . 1 )  



k 
and W it = Tfit mit/, 2:

1 
Tfjt m

J' t' 
J= 
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and prov ides a discrete time approx imation to the optimal cont inuou s ti me 

Divi s ia index . The growth rate of the index i s  a we ighted average of the 

growth rate s of the components, the weights be ing the share contributions 
of each component to the total value of all components. 

Th is interpretat ion is particularly attractive in the appl ication to the 

aggregation of financial as sets , and Barnett (19 80 )  has proposed the use of 

such an index to construct a h ierarchy of monetary aggregate s .  

The theory of functional structure [ see Blackorby e t  al ( 1 9 77 ) ]  tells us 

that dual to an economic quantity aggregate there exi sts an economic pri ce 

aggregate depend i ng only upon component pri ces . We can therefore construct 

a dual stat istical price index depend i ng on both component prices and 

quantities th at sati sfies the accounting identity of equal ity between 

expend iture and the product of quantity and pri ce. 

As stated above , both price and quant ity i ndices requ ire component price s  

as well a s  component quantities and such fi nancial asset prices must first 

be def i ned and calculated before the con struction of monetary ind i ces 

can become operational. 

Barnett ( 1 9 7 8 )  rigorously constructs such prices from i nterest rate data 

us ing an analogous theory to that of deri ving the ' rental pri ce' or 'u ser 

cost' of a durable good . Th is user cost of a financi al asset is the pri ce 

imputed to the service flow of that as set during any g iven period, and i s  

the cost duri ng that period of acqu iring, u s i ng, and dispos i ng of the as set. 

The user-cost formula derived by B arnett , and less formally obta ined by 

Donovan (19 78 ) ,  i s :  

'[f
it (6 . 2) 

R i s  the max imum ava i lable y ield i n  the economy on any financi al asset, r, 
l. 

is the own rate of return on financial asset i ,  T is the marg i nal tax rate t 
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and Pt 
i s  the general price level . S i nce g does not depend on asset i ,  

t 
the d i fference R - r can be treated as the user cost of that asset and i 
represents the foregone interest,  and hence the opportunity cost, of hold i ng 
asset i during that period . Unless transactions serv ices are prov ided by 

the as set,  no one would hold it and R - r. is  the price paid i n  return 
1 

for the rece ipt of those serv ices . 

uti l i s ing the user costs g iven by ( 6 . 2 ) as the prices in ( 6 . 1 )  defines the 

we ights s. to be the u ser cost eval uated value sh ares . 
lt It is  important 

to note that th e user costs are not the we ights , but are the prices used 

along w i th all of the quantities in computing the se we ights , e ach we ight 

depend i ng upon all prices and all quantities .  

On constructi ng the quantity i ndex g i ven in ( 6 . 1 ) , the dual price index pT 

can be constructed as : 

T T log P t - log P t- 1 = 
k 
1: S it ( log TI it - log TI i , t- 1 ) 

i= 1 
( 6 . 3 ) 

However, as D iewert ( 1 9 76 ) shows , QT and pT do not sati sfy the ' factor 

reversal test ' , 

may compute 

T P*t = 

TI' m 
-t -t 

QT 
t 

the 

. T T le Qt Pt 

monetary 

� TI t' �t· If we require th is te st to hold , 

price index as : 

( 6 . 4 ) 

we 

The B arnett ( 1 980 ) proposals have led to a rapidly expandi ng body of research 

on the construction of D i v i s i a  monetary aggregates . A s urvey of the earlier 

l iterature is  prov ided by B arnett , Offenbacher and Spi ndt ( 1 9 8 1 ) and deta i ls 

of the i r  construct ion for the US is  g i ven in Barnett and Sp i ndt ( 1 9 8 2 ) . 

D iv i s i a  quantity aggreg ates have also been constructed for Canada by 

Cockerl i ne and Murray ( 1 9 8 1 ) and for the UK by Bailey et al ( 1 9 8 2 ) . Our 

i ntention in the rema i nder of thi s  paper is to construct a h ierarchy of 

D iv i s i a  monetary aggregates based on the monetary assets def ined i n  Table 2 ,  

to i nvestigate the h i storical behaviour of these quantity and price ind ices 

and to analyse the i r  stat istical properties and relationsh ips with other 

macroeconomi c variables . 



7 

The Construction of Divis i a  Monetary Aggreg ates for the UK 

Divisia  monetary quantity aggregates were constructed over the s ix asset 

groupi ngs shown i n  Table 2 ,  the interest rates al so shown be ing used to 
construct the asset user costs . Dual monetary price or user cost ind ices 
were then calcul ated using equation ( 6 . 4 ) . The time series beh aviour of 

these quantity and price aggregates , along with the behav iour of the 

correspond i ng s imple sum aggregates , are shown as Charts 3 - 1 4 .  Ch arts 3-8 

plot the hi storical behav iour of the levels of the D iv i s i a  and s imple sum 

aggregate s ,  with annual growth rates be ing shown in Ch arts 9 - 1 4 .  The 

share we ights of the Div i s i a  ind ices [ the s . of equation ( 6 . 1 ) 1 are 
1 

plotted i n  Charts 1 5-2 0 ( 1 ) . The user cost ind ices are plotted i n  Charts 

2 1 - 26 and f i nally GNP ve locities are shown as Charts 27-3 2 .  

( 1 ) In constructing the sh are weights , note that , from us ing ( 6 . 2 ) : 
k 

Wit = ( Rt - r it) m it/
j
:

1 
(Rt - rj t) mj t  

and hence the share we ights , and the monetary and quantity pri ce i nd ices , 
depend only upon asset quantities and i nterest rate s . 

Al l i nd ice s are normal i sed at 1 in 1 9 6 3  Q 1 , and annual growth rates are 
calculated as : 

Certai n  smal l  share we ights in the D iv i s i a  PSL1 and PSL2 aggreg ate s  have 
been comb i ned to prov ide eas ier interpretation . 
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The H i stori cal Behav iour of the Div i s i a  Aggregates 

The D iv i s i a  quantity i nd i ces measure the flow of monetary serv i ces prod uced 

by the stock s of assets th at are components of the aggregate s .  I n  principle , 

the most informative Div i s i a  index i s  the one th at aggregate s over as many 
f i nancial assets as pos s i ble , s i nce th is aggregate w i l l  capture the 

appropri ate ly we ighted contri bution of all assets to the monetary serv ice 

flow of the economy . The behav iour of the h ighest leve l D iv i s ia aggregate , 

that for PSL2 , should therefore be of particular i ntere st. 

For the narrowe st aggregate grouping , M l , the D iv i s i a  and sum aggregates are 

almost identica l  ( see Charts 3 and 9 ) , but , for all h igher level groupings , 

the s imple sum i nd i ce s  grow at higher rates th an do the correspond i ng D iv i s i a  

i nd i ce s . Th i s  is  because the simple sum i nd i ces g ive more we ight to the 

contri butions of d i stant substitutes for money i n  the aggregation than do the 

D iv i s i a  i nd i ce s ,  and those d i stant substitutes have been grow i ng at faster rates 

than more money- l i ke components , such as currency and demand depos its ( l ) . The 

s ize of th is " aggregation bias· in the simple-s um i ndex therefore incre ases as the 

leve l of aggregation increases� the maximum diverge nce of the simple-sum from 

the D iv i s i a  aggregate be ing 26 per cent for both £M3 and PSL2 by the end of 1 9 8 1 . 

Concentration is  therefore focussed on the hi stori cal behav iour of the se two 

aggregates , the evolution of the M2 , PSL l and M 3  aggregates be i ng reasonably 

similar .  The growth paths o f  the D i v i s i a  and s imple-sum aggregates d i verge 

quite cons iderably (Charts 1 1  and 1 4 ) . In  the early years of the data period 

( pre - 1 9 70 ) , growth rates are low, generally between zero and ten per cent , 

with the D iv i s i a  growth rates be i ng consi stently below the ir s imple-sum 

counterparts . Between 1 9 70 Q2 and 1 9 72 Q2 , both forms of aggregates 

i ncrease substant ially and at almost identical rates . After the latter 
\ 

d ate , however, the Divi s i a  growth rates beg i n  to fall , whereas the simple- sum 

growth rates conti nue to increase for a further s ix to e ight quarters before 

peak i ng .  The fall i n  the growth rates of these aggregates i s  then rap id and 

between 1 9 75 Ql and 1 9 77 Q4 the two sets of growth rates are aga i n  simi lar, 

although , i n  contrast to the pre- 1 9 70 period , the D iv i s i a  growth rates are 
sl i ghtly above the s imple-sum growth r ates . Both sets of rates accelerate 

in 1 9 78 Q l , pea k i ng i n  1 9 78 Q4 , from wh i ch date the D iv i s i a  growth rate s fall 

( 1 )  Although the D iv i s ia and s i mple-sum M l  aggregates have been almost 
identical for most of the period , divergences are now appearing as the 
i nterest bearing part of M l  becomes proportionate ly more important . 
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continuously until 1980 Q2,  whereas the simple-sum aggreg ate s return to 

the ir prev ious growth paths after a brief downturn . Since 1980 Q2 , the 

Div i s i a  aggreg ate s have also returned to upward growth paths , although 

remain ing consi stently below tho se of the simple-sum aggreg ate s .  

Interpretation of these d ivergences may be helped by exam i n ing the time 

�aths of the share we ights of the Div i s i a  aggreg ate s (Charts 17 and 2 0 ) . 

The we ight g iven to tran saction bal ances in the £M3 aggreg ate fal ls from 

approx imately 0 . 7 5 in the 196 0s to j ust over 0 . 50 in 19 7 7 , with two br ief 

upward movements in 19 7 3  and 19 76 . It the n rise s  to over 0 . 8 0 in early 

1980 before fal l ing back to around 0 . 6 0 by the end of 19 81 . The we ig hts 

assig ned to reta il depos its tend to mirror those j ust d i scussed as wholesale 

depos its have only a smal l we ight throughout the period , a conseque nce of 

both low user cost and quantity . 

For ease of pre sentation , groups of we ights in the PSL2 aggreg ate have been 

comb ined . The movements in the share we ights for transactions bal ances and 

eta il deposits follow the pattern described for £M3 ,  but the size of the 

e ights are rather lower . Th is is , of course , because of the introd uction 

of additional assets . ' Other money market in struments ' have low we ight 

throughout but the behav iour of the other two assets , build ing society 

depos its and ' other national sav ings ' , i s  of con siderable intere st . The 

latter asset has decl ined in importance over the sample period ( from a 

e ight of approx imately 0 . 15 in 19 6 5  to 0 . 0 5 in 19 81) because almost constant 

asset quanti ties have not been compensated by sufficiently h igher user costs . 

Bu ild ing society depos its , however, have increased in we ight from 0 . 01 in 

1963 to 0 . 2 0 in 19 81 , thus reflecting the increased importance of th is 

asset in prov id i ng l iquid ity serv ices . 

The behav iour of the se share we ights prov ide s  an expl anat ion for the 

divergent behav iour of the Div i s i a  and sum aggreg ate s in the 19 7 2-1974 and 
1979-19 81 periods . The general increase in intere st rate s in 19 7 3  and 
1974 decreased the relative user costs and hence the monetary serv ices 

prov ided by assets other than transaction bal ance s ,  th i s  be ing refl ected 

by the increased we ight g iven to th is asset in the se ye ars . But , as th is 

�sset grew at a slower rate than other assets , the Div i si a  aggreg ate s show a 

slower growth rate increase than the ir s imple- s um  counterparts . A s im i l ar 

xpl anat ion holds for the later period , when the sharp incre ase in intere st 

ate s pushed up the we ight g iven to transaction bal ances cons iderably . 
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Ag a in ,  t h i s  asse t grew at a slower rate than other assets , forcing the 
growth rate of the Div i s i a  aggreg ate s below that of the simple- s um  aggreg ate s ,  
and thus g iv ing a d i fferent ind icat ion of the ' t ightness ' of mone tary 
cond i t ions d ur ing th i s  period . In g eneral , the cyclical behav iour of a 

h igh l evel Div i s i a  aggreg ate will  be more l i ke that of a narrow s imple-sum 
aggreg ate than the correspond i ng broad s imple-sum aggreg ate . Th i s  i s  

because , as intere st rate s r ise , funds w i l l  be sh ifted t o  less l i quid 
asse ts .  More we ight w i l l  therefore be g iven to the more l iquid , low 

yield i ng asse t s , who se g rowth rates have been reduced . 

The t ime paths of the veloc i t ie s  of Div i s i a  EM3 and PSL2 and the ir s impl e- sum 

coun terparts are shown in Charts 29 and 3 2 .  The Div i s i a  veloc i t ie s  are 

always higher than the simple-s um  veloc i t ie s  and the large fal ls i n  the 

latter between 19 7 2  and 1974 are less marked in the Div i sia  veloc i t ie s .  

Th i s  i s  a conseque nce of the lower growth rate of the Div i sia  aggreg ate s ,  

but i s  also to be expected from subs t i tut ion out o f  the lowe st yield ing and 

most highly l iquid asse ts in response to rising intere st rate s and infl at ionary 

expectat ions . Indeed , for the interest rate elast icity of the demand for 

money to be correctly ( neg atively) s ig ned , velocity should be posit ively 

correl ated wi th in tere st r ate s and a rising veloc i ty in a per iod of ris ing 

in terest rate s is therefore theore t ical ly consistent . If the Div i sia  

mone tary price ind ice s are regarded as  measure s of the opportun i ty cost of 

hold ing mone tary asse t s , then Charts 23 and 26 show that the general increase 

over t ime of the £M 3 and PSL2 pr ice ind ices i s  also cons istent , on these 

g round s ,  w i th r i s i ng veloc ity.  

De ta iled stat i st ical and econometric analys i s  of these Div i s i a  ind ices is  

performed in subsequent sect ions , but we end th i s  by d i scus s ing some 

adv antag e s  and d i sadv antag e s  of such ind ices specific to the ir use as 

monet ary i nd icators . 

An import ant fe at ure of Div i s i a  monet ary aggreg ate s ,  not shared by the 

compos i te aggreg ate s developed in earl ier sect ions , is that the share 

we ig hts v ary over t ime . If the general level of intere st rate s r ises , 

transact ions bal ance s wi l l  tend to rece ive gre ater we ight . If intere st were 

pa id on current accoun ts , however,  this  asse t would receive less we ight . 

Th i s  i s  not because i t s  intr insic ' moneyness ' has al tered , but reflects the 

fact that we alth holders wi l l  incre ase the ir holding s  of such an asse t un t i l  

its  marg inal l iquid i ty ret urn i s  equal to that o n  a l l  other asse ts . Higher 
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interest r ates will the refor e encourage holde r s  to economi se on non- i nt e r e st­
bear ing accounts.  

The index can also prov ide a fr amewor k for de aling wi th the effect s of some 

financ ial innovat ions in someth ing othe r th an a pur e ly ad hoc manner . For 

example , ce r t ificates of deposit only appeared towa rds the end of 1 9 68,  but 
can be readi ly incorporated into the index . Init ially ,  such new assets 

will ente r w i th small we ights , due both to the i r  small quant ity and u sually 

relat ively high r ate of re turn ( ie low user cos t ) , but ,  as the ir  impo r t ance 
incr ease s ,  so will the i r  weight in the index . Th is prope rty could be 

useful if the clear ing banks int roduce inter est-bear ing cur r ent accounts on 

a major scale , although it is debatable whether s imply an inte rest rate 

differential  will be an adequate measure of the relat ive moneyness of th i s  

form of cur rent account v i s-a-v is the convent ional , non- inter es t-bear ing 

account .  The index may also be re lat ively robust to ch ange s in me thods of 

monetary control , for example pick ing up the effect s of 'cor se t '  

dis intermediation out of cont rolled assets into close subs t i tutes . 

The re are some ope rational difficulties w i th the use of D iv i s i a  agg r egates . 

Use of such an index would make any counte rpart analysis  imposs ible , but , on 

the other hand , a D iv i s ia aggr egate is l i kely to have a h igher  inte rest 

elasticity than a s imple- sum agg regate and thus be potent ially mo r e  

controllable ( l ) . The Divisia  index also impl ici tly as sume s that holde r s  

r espond almost immedi ate ly to the diffe r en t i al rates of return on var ious 

assets . In r e al i ty ,  the re are lag s  in behav iour and adj u stment takes time . 

Moreover , the re ar e tr ansact ion costs involved i n  chang i ng the st r ucture of 

por tfol ios so that sh ifts are only li kely to occur if the change in 

different i als is l i kely to pe r s i st or is  large enough to make ar b i tr age 

/ 

profi table . None theles s ,  the adv antages in terms of eco�omi c  and stat i st ical� 
theory are suff ic ient to make the D i v i s i a  indices at t r active agg r eg ates 

for fur ther study . 

( 1 )  See Ar t i s  and Lew i s  ( 1 9 8 1 ) for detai led discuss ion of me thods of 
monetary control in the UK . 
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9 

Univar iate T ime Ser ies Repre sentat ions of the Indices 

Follow ing the methodology of Box and Jenk ins ( 1 97 6 ) , autoreg r es s ive- integr ated 

mov ing ave r age (ARIMA ) models were developed for the s imple- sum and D i v is ia 

quant i ty indices , the user cost ind ices and the simple-sum and D i v i s i a  
veloc i t ie s . As the models for the alternat ive quant ity indices were of 

s im ilar form , attent ion is ag ain concent r ated on the M l , £M3 and PSL2 

agg r egates . 

Table 8. 
The ARIMA models developed for these aggregates are shown in 

As noted in the pr ev ious sec t ion , the D i v i s i a  and s imple- sum aggr egates for 

M l  ar e almost ident ical and the log ar i thms of both se r i es can be modelled 

by ARIMA ( 0 , 1 , 2) ( 0 , 1 , 1 ) 4 proce sses w ith similar par ameter s .  The s imple-sum 

£M3 and PSL2 agg r egates r equ i r e  ARIMA ( 0 , 1 , 3 ) ( 0 , 1 , 1 ) 4 processes to 

adequately model the i r  log ar i thms , while the i r  Divis i a  counterparts  can 

ag ain be modelled by ARIMA ( 0 , 1 , 2) ( 0 , 1 , 1 ) 4 processes . 

For the user cos t  indice s ,  the log ar i thms of all se r ies , except M l , can be 

modelled by ARIMA ( 0 , 1 , 0 )  models , ie r andom walks with no se asonal patterns . 

The M l  user cost se r i e s ,  however , requ i r es a mov ing ave r age te rm.  All 

veloc i t ies , whether s imple- sum or D i v is i a ,  can be adequately modelled by 

ARIMA (0 , 1 , 0 )  ( 0 , 1  , 1 )  4 models , these being shown in Table 9 .  

Given an ARIMA r epr esentat ion , each of the above t ime ser ies can be 

add i t ively decomposed into t r end , seasonal and no ise components us ing the 

technique of signal extr act ion . Suppose that , in gene r al , an obse rved 

t ime se r ies x can be decomposed as : t 

T + S + Nt t t ( 9 . 1 ) 

whe r e  T t' S t and N t are unobse r vable trend ,  seasonal and noi se components . 

Assume that each of the components follows an ARIMA model : 

<P ( B ) T T t 

<P 
S (B ) S t 

<P ( B )  N 
N t 

= 

= 

n
T (B) bt (9 .2a) 

n
S (B) Ct ( 9 .2b) 

n (B )  d ( 9 . 2c)  
N t 
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Each of the pairs of polynomial s (<PT(B), nT(B» ,  (<PS(B), n s(B» , ( <PN(B), TN(B» 

are assumed to have roots lying on or out s ide the unit  c i rcle and to have no 
common roots and bt, ct and d t are 

2 sequences w i th finite vari ance s ab' 

as sumed to be orthogonal wh i te no i se 

It can then read i ly be shown 
hat x has the form : 

t 

( 9 . 3 )  

here � (B) is  the h ighest common factor of <P (B), <P (B) and <P (B), and 8(B) S T N 

2 
and a can be obt ained from : a 

2 e (B) 8 (F) a a 
(B)� (F) = 

- 1  where F = B [ see, e g  H i llmer and T i ao ( 1 982) ] .  

(9 . 4 )  

When the stochastic  
structures ( 9 . 2) of  Tt' St and Nt are k nown, the  min imum me an square 
error (MSE) est imate of T , for example, is g iven by : t 

ex> 

VT(B)Xt = LVToXt 0 

_ ex> ] -] 

here the fi lter v (B) is defined as : 
T 

Similarly, for the seasonal component, we have 

ex> 

L v oX 0 
ex> S]  t-] 

ere the fi lter v (B) i s  defi ned as : S 

= a� �(B) �(F) 1, (B) � (F) 

a ! 8(B) 8(F) <Ps (B) <Ps (F) 

( 9 . 5 ) 

( 9 . 6  ) 
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Consequent ly , the no i se component is e s t imated as : 

(9 . 7 )  

Because in p r act ice the component ser ies T t ' S t and N t are unobservable 
it is  usually unreal i st i c  to assume that the i r  mode l s  (9 . 2) are known . 

An accur ate es t imate of the mode l (9 . 3 )  can be obt a ined , however , f rom the 

obser vable x se r ies and , based upon th i s ,  est imates of the components can t 
be determi ned . In gene r al , the informat ion in the known mode l for x is t 
not su f f i c i ent to un iquely dete rmine T and S but by max imis ing the innovat ion t t 

2 var i ance Od of the no ise component N t a 'canonical decompos i t ion' of x t is 
obta ined wh ich un iquely iden t i fies the trend and seasonal components [ see T i ao 
and H i llmer ( 1 9 7 8 )  for d i scuss ion of admis sible and canonical decompos i t ions 
of a t ime se r ie s] .  

A convenient algo r i thm for prov id ing such a canonical decompos i t ion has 

been deve loped by Burman (1 9 8 0 ) . By wr i t ing equat ion (9 . 3 )  as : 

8(B) (9 . 8 )  

and not ing that ( 1 _B s) 0 and �2(B s) can , in pr i nc iple , be factored into 

seasona l and non-se asonal par ts [ for example ( 1 _B s) 0 
= ( 1 _B ) 0( 1 +B+ . . • +B s- 1 ) o] ,  

the mode l for x can be expre ss ed as : t 

(9 . 9 )  

By per forming a par t ial f r act ions e xpans ion of (9 . 9 ) , Burman's algor i thm, 

known as M in imum S ignal Extract ion (MSX) , est imates T and S through a t t 
par t i t ion i ng of the spect r um o f  xt• Although MSE estimates of the 

components r equ i r e  doubly infinite x ser ies and f i lters , the expected v alues 

o f  the outs ide sample observat ions can be obt ained by extend ing the obse r ved 

ser i e s  w i th backcasts and for ecast s . Only a l imited numbe r of these 

predict ions are , in fac� r equ i red in p r act ice because of the par t icular 

algo r i thm employed . 



25 

Th is algor i thm, pr ima r i ly designed for seasonal ad j ustmen t ,  also has a 

procedure for mod i fying extr eme res iduals aft er prel iminary e st imates of the 

components have been made and has a fur the r refinement to de al w i th b i as 

in mult iplicat ive models , ie models in wh ich x = log (X ) .  
t t 

The use of such 'unobse rved ' components in modell ing mac roeconomic 

re lat ionsh ips has been documented in Ner love et al ( 1 9 7 9 )  and further 

discuss ion and appl ications of the MSX methodology may be found in M i lls  

( 1 9 8 1 b , 1 9 82a, 1 9 82b) . 

Us ing the ARIMA mode ls est imated above , the trend , seasonal and no ise 

component s ext r acted from the Divisia M l , EM3 and PSL2 quant ity ind ices are 

shown in Char ts 3 3-3 5 ,  the simple-sum counte rparts prov iding s imilar 

decompos i t ions . 

For al l ind ice s ,  the tr end components are much smoot he r than the obse r ved 

se r i es , and , although captu r ing the bas ic under lying movement s of the 

ind ice s ,  they are by no means dete rm in i st ic . Becau se each seasonal parameter 

is r elat ively large in magni tude , all seasonal component s are slowly ch ang ing , 

bu t the nume r ical s i ze of the se components ar e rather small,  be ing at most 

2. 5 %  of  the level of the se r ies . Both the M1  and £M3 ind ices have large 

(g r eater than two standard dev iat ions) noi se component s at 1 9 69 II, wh i le 

both EM3 and PSL2 have outl iers  at 1 97 6  III . Th is latter index h as a pa i r  

of out l i e r s  a t  1 9 77 IV and 1 97 8  I ,  wh i le the M l  index has out l ie r s  a t  1 9 7 1  I 

and 1 9 7 3  I I ,  this  bei ng the only noi se obse rvat ion to exceed three st and ard 

dev iat ions in magni tude . 

As the user cost ind ices for all D i v i s i a  aggr egate s  wider than M l  fol low 

non-se asonal r andom wal k s ,  the best est imate of the tr end component for the se 

se r ies is the cur rently obse rved value of the se r ies itself . As stated 

above , the M l  user cos t ser ies follows an ARIMA (0 , 1 , 1 )  proces s .  Such a 
proces s  can be decomposed into a random wal k tr end plus a wh i te no ise er ror 

if the f i r s t  order autocorr elat ion of the f i r s t d i f fe r ences of the obse rved 

se r i es l i es be tween - . 5  and O. For th is se r i es ,  howeve r ,  t he autoco r r e lat ion 

is pos i t ive and hence the par amete r s  of the unobse rved component s ar e 

u ident i f ied . Following Nelson and Plosse r ( 1 9 82) , i f  i t  is as sumed that 

t e tr end and noi se components are independent and the no ise component is 

stat ionary,  the observat ion that autocorrelat ions in the f i r s t  d i f ference s 

of the �1 user cos t ar e pos i t i ve at lag one and zero elsewhere  is  sufficient 
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to imply that the var iat ion in ac tual M 1  user cost change s  i s  dominated by 
changes in the tr end component r ather than the no ise component , even though 
the standard dev i at ion of the innov at ions in the tr end component is ove r twice 

as large as the standa rd dev i at ion of the innov at ions in the no ise component . 

Each veloc i ty ser ies , be ing adequate ly modelled by ARIMA ( 0 , 1 , 0 )  ( 0 , 1 , 1 ) 4 
proces se s ,  may also be decomposed i nto t r end and seasonal components that 

fol low r andom wal k s  and a wh ite noi se component . In th is case , howeve r ,  

s ince � = 0 the standard dev iat ion of the innovat ions of the tr end component 

w i l l  theoret ically be inf ini tely larger than the standard dev i at ion of the 

innovat ions of the no ise componen t .  Cha r t s  3 6-38 g ive the MSX decomposit ion 

of the D iv i s i a  veloc it ies , showing t r end veloc i t ies to be es sent ially 

r andom wal k s ,  with the se asonal and noi se components be i ng of ve ry small 

r elat ive magnitude . Such a decompos i t ion is  consistent wj th the US f ind ing s  

of Gould and Nelson ( 1 9 7 4 )  and cont r ad icts the mor e  recent as se rt ions o f  

Fr iedman and Schwar tz ( 1 9 82) . 

Hav ing obta ined un ivar i ate representat ions of the monetary quant i ty ind ices 

and as soc i ated t ime ser ies ,  the i r  relat ionsh ips w i th othe r macroeconomic 

var i ables ar e inve st igated in the following three sect ions . 
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1 0  

Measures of Feedback between Money and Income 

Sims ' ( 1 972) influent i al wor k  on the causal relat ionship between money and 

income has spawned a vol uminous l iter ature of at tempt s to ascer t a in the 

di rect ion of causality between monet ary and real var i able s  ove r  a var iety of 

oount r ie s  and h istor ical episodes . Wi lliams et  al ( 1 9 7 6 ) , M i l l s  ( 1 9 8 0a , b )  and 

Holly and Longbot tom ( 1 982) have investigated such relat ionships for the UK 

us ing pos t-war quarterly dat a ,  with no real consensus of opin ion emerg ing 

from the battery of tests per formed on d i f fe r ent data se r i es . 

�hese stud ies have been restr icted to the analys i s  of simple-sum monetary 

agg r egates and the pr esent section extends th is research to incorporate the 

newly constr ucted D i v i s i a  agg regates . The empir ical analys is also takes 

advantage of some recent developments in the mode lling of dependencies be tween 

time se r ies . Geweke et al ( 1 983 ) and Nel son and Schwe r t  ( 1 9 82) have 

pr esented s imulat ion ev idence suggest ing that r educed form (mult ivar i ate 

autor egress ive )  models prov ide more power ful tests of pred i ct ive re lat ionships 

between t ime se r ies than do the mor e  common two-s ided reg r es s ion or 

cross-co r r elat ion of univar i ate AR IMA res iduals approaches . Us ing such a 

representat ion , Geweke ( 1 982) develops a s imple measure of dependence bet ween 

two vectors of t ime ser ies which has a useful decompos i t ion into feedbac k and 

contempor aneous components , and which is also a transformat ion of P i erce ' s  

( 1 97 9 )  R2 me asur e  introduced in Sect ion 3 .  The results presented in th i s  

sect ion u t i l i se the bivar i ate for m of Geweke 's ( 1 9 82) mo re gene ral mult iple 

time se r ies fr amewor k .  

Thus,  cons ide r a bivar i ate time series  xt and mt w i th the fol lowing 

inve rt ible mov ing ave r age representat ion :  

8 1 1  (B)  

where (atbt ) � is  a bivar iate wh ite no ise ser ies w i th mean 0 and 

v r i ance-covar i ance mat r i x :  

° 
ab 

° °
b
2 

ab 

( 1 0 . 1 )  

( 1 0 . 2) 
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U s i ng ( 1 0 . 1 )  and ( 1 0 . 2 ) , the follow ing l inear proj ect ions (or canonical 

representat ions)  may be de f ined : 

x = t 

00 

L: a1 · x  . + U ) t -) 1 t  j = 1  

whe r e  u 1 t  i s  wh ite noise w i th mean 0 and var i ance ° � 

00 00 

whe r e  u2 t  is wh ite noi se w i th mean 0 and var i ance ° � (= ° !) 

x t 

00 

L: 
j = 1  

a . x . + 3 ) t-) 

00 

whe r e  u3 t  is  wh ite noi se w i th mean 0 and var i ance ° � 

m = t 

00 

L: 
j = 1  

S . m . + U 4) t-) 4 t  

whe r e  u 4t  is  wh ite noi se w i th mean 0 and var i ance o � 

00 

L: as ' xt . + ) -) j = 1 

00 

. d ' 2 ( 2 ) here  U is wh i te no ise w 1 th mean 0 an var 1ance o S = o b w S t  

(1 0 . 3 )  

( 1 0 . 4 )  

( 1 0 . S )  

(1 0 . 6 )  

( 1 0 . 7 )  

Based on the se l inear proj ect ions , Geweke def ine s  the following measu res : 



F = F + F + F x , m  m+x x� x. m 
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F and F are me asures of l inear feedbac k from m to x and x to m 
114X x� 

respect ively , and F is  a measu re of instantaneous l i near feedbac k .  F x . m  x , m  
i s ,  the re fore ,  a me as ure of the tot al linear depende nce between m and x .  

Fur the rmo r e ,  for each F measure , eg F , we may de f i ne the assoc i ated x , m  
stat i s t i c :  

1 - exp (-F ) x , m  (1 0 . 8 )  

wh ich is the P i erce ( 1 9 7 9 )  R2 measu re int roduced i n  sect ion 3 .  

In orde r to calculate such feedbac k measu res , the l i near project ions ( 1 0 . 3 )  

to (1 0 . 7 )  must f i r s t  be est imated . Th i s  r equ i r e s  the lags appear ing i n  

these canonical forms to be truncated at finite lengths . If we suppose 

th at each lag length has been so t r uncated , then (1 0 . 3 )  to ( 1 0 . 7 )  may be 

est imated by ordinary least squares . Setting the lag lengths at order p ,  

say , the n ,  on the assumpt ion that the regres sion d i sturbance s are i ndependen t ly 

and identically di str ibuted , if  F = 0 m� 

TF 
II4X 

where F m -l'K  
"2 "2 '" 2 '" 2 ln ( °1 / � )  , ° 1 and ° 2 be i ng the residual var iances from the 

regresssions ( 1 0 . 3 )  and ( 1 0 . 4 ) estimated using T obse rvat ions . 

if  F = 0 :  
X"1n 

T 
a 
- i (p) 

Simi lar ly, 



and i f  F = 0 

TF x , m  

x . m  

a 
- l ( 1 )  
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A 

S ince these ar e tes ts of nested hypotheses , Fm+x ' Fx+m and Fx• m ar e 

asymptot ically independent . All three restr ict ions can be tes ted at once 

s ince : 

TF x , m  
� 2 X (2p + 1 )  

Reg ress ions of the form ( 1 0 . 3 )  to (1 0 . 7 )  were est imated for (x , m) systems 

in wh ich x was , in turn,  nominal income and i ts pr ice and output components 

and m was , in turn,  the set of D iv i s i a  mone tary indice s and the ir  s imple- sum 
counterpar t s . Rathe r  than set p in each of these systems ar bitr ar i ly, it 
was chosen by using the M inimum F inal P red ict ion Er ror (MFPE) c r i te r ion 

[Caines et al ( 1 9 8 1 ) ] : 

= [ T + 1 + 2P] 
T - 1 - 2p 

MFPE(p) 
A A 

A A 

(1 0 . 9 )  

choos ing that value of p wh ich minimises ( 1 0 . 9 ) ; 03(P) and 0S(p) be i ng 

the res idual var i ances from the order p r egr ess ions of ( 1 0 . 5 )  and ( 1 0 . 7 ) . 

I n  acco rdance w i th the d i scuss ion of sect ions 8 and 9 ,  only the results for 

the M l , 9M 3  and PSL2 aggr egates are reported , the est imat ion pe r iod be ing 

from 1 9 6 3  Q l  to 1 9 8 0  Q 4 .  Table 1 0  r epor t s  R2 stat i st ics calcu lated 

f rom ( 1 0 . 8 )  and assoc i ated marg ina l  s igni f icance levels for the cor respond ing 

test of F=O for all (x , m )  combinat ions . 

From the R2 stat i st ics and assoc i ated s igni f icance leve l s ,  no s trong m . x  
ev idence o f  contempor aneous feedbac k i s  found . As might be expected f rom 

preced i ng d i scuss ions , the behaviour of the D ivis i a  and s imple- sum M l  

agg r egates a r e  ve ry s imi lar . There  is a strong r elat ionship between the 

ind ices and i ncome , feedback r unn ing in both d i r ect ions . wi th r egard to 
the pr ice and output components of income , feedback is from the se components 

to M l , wi th no evidence of an effect in the reverse d i r ect ion , thus lend ing 

suppo r t  to the convent ional v iew that nar row monetary aggr egates are 

pr edom inant ly demand determined . 
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The broade r D i v i s i a  ind ice s are more st rong ly rel ated to income than the i r  

simple-sum counte rpar ts , for both agg r egates feedbac k pr edominantly r unn ing 
from income to money . A s imi lar feedbac k pattern is found w i th re spect to 

output , although the s imple-sum indices are now more closely r e lated to 

the real var i able . 

The broade r s imple-sum ind ice s are strong ly related to pr ices with feedbac k 

effects r unning in both d i r ections . The D i v i s i a  indi ces ar e less clo se ly 

related to pr ice s ,  with cer tainly little ev idence suppo r t ing a feedbac k 

relat ion r unning f rom money to prices . 

Thus , wh ile the Divi sia  monetary quant i ty ind ices ar e closely r ela ted to 

income , the re is  no ev idence to suppor t the v iew that the r e  is  feedbac k 
from these ind ices to pr ices . Simple-sum ind ices , wh ile less closely 

related to income , are closely re lated to p r ice s .  In par t icular , the r e  i s  

a ve ry strong r elat ionsh ip between s imple-sum EM3 and pr ices w i th feedbac k 

running in both d i r ect ions , thus prov iding support for the f i nd ing s o f  

Holly and Longbot tom ( 1 9 82) . 

There ar e ,  howeve r ,  a numbe r of stat i s t ical and economic cave ats that need 

to be d i scus sed when assess ing these result s .  As T i ao and We i ( 1 9 7 6 )  and 

We i ( 1 9 82) show , systemat ic sampling and tempor al agg r egat ion have impor t ant 

consequence s in t ime se r ies analysis , the forme r  subs tant ial ly we akening 

feedback relat ionsh ips and the l atter tu rning a one-sided causal model into 

a complete two-s ided feedbac k system. Both problems are pr esent here w i th 

the use of quarterly data, monetar y quant i ty ind ices be ing constr ucted us ing 

systemat ic sampl ing wh i le income ser ies , be ing flow var i ables , r equ i r e  

tempor al agg r egat ion for the i r  const r uct ion . Unfor tunately , i ncome data 

are not avai lable on a mor e  f requent bas i s ,  and monthly f inanc i al asset 

ser ies ar e only ava i lable f rom 1 97 5 . 

A second stat ist ical matter conce rns the exclusion of other var i ables from 

the sys tems under cons ide r at ion ,  for example inte rest rates and wor ld p r i ce s . 

If such var i ables we re to be included i n  the analys i s ,  the feedbac k measures 

and the i r  R2 conve r s ions could be calculated after condi t ioning on these 

add i t ional inf luences ,  thus measu r ing the str ength of the relat ionsh ip 

between x and m after el iminat ing the i r  common dependency on these var i ables . 
In the i r  absence , the present measu res may not r e f lect the t r ue st reng th 
of the relat ionsh ip, although they may not necessar i ly ove r-e s t imate i t . 
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Tur n ing now to econom ic caveat s ,  M i l l s  and WOod ( 1 97 8 )  emphasi se the 

impo r t ance of the ex chang e r ate r eg ime in in te r pr et ing feed bac k r el at ionsh i ps 
between money and income . Only in a per iod when the ex chang e r ate is  freely 

float i ng can the UK mone ta r y  aut hor ities  g a in ful l control ov er it s monetary 

cond i t ions and hence onl y  i n  such a per iod wi l l  a fe ed bac k  from money to r eal 

cond i t ions be co nsi ste ntly obse rved . The exchang e r ate wa s fixed be fo r e  

1 972,  and h a s  not always fl oated fr eely s i nce then , hence the est imation 

pe r iod employed he r e  may be inte r pr eted as a col lec t ion o f  subpe r iod s ,  

h e te rog eo us wi th r e spec t to feedbac ks between money and income . In such 

a s i t ua t ion , f ind ing s of feed bac ks in both d i r ec t ions , or indeed of 

independence , may be un sur pr ising . 

Final l y ,  i n  m any theoret ical mac roeconom ic model s ,  money does no t affect 

o ut put in the long r un ,  al thoug h  i n  the sho r t  r un v ar iations in money c an 

hav e  sub stan t i al effects , but , i n  contr ast , t he pr ice level always r e spond s  

ev entually t o  pe r s i stent movement s in the money s uppl y but may not be much 

affec ted by money in the sho r t  r un .  The no t ions o f  ' long run '  and ' sho r t  r un '  

ar e d i ffic ul t  to make anal yt ic al ly pr ec i se when empi r ic al model s ar e be ing 

con sidered and it may be the case that t ime domain an al ys i s  of the ob se rved 

money and income se r i e s ,  a s  pe r formed her e ,  wi l l  fa il to capt ur e the 

e sse n t i al pr ed ic t ive d i ffe r ences between the 'sho r t '  and 'long ' r un . Luc as 

( 1 980 ) and Gewe ke ( 1 982)  have proposed rel ated method s for empi r ic al ly 

mod el l ing long r un quan t i t y  theo r y  proposi t ions and the se ar e considered in 

Sec t io n  1 2. Th e  nex t  sec t ion d i scusse s more convent ional empi r ical model l i ng 

fo r ,  g iven the strong gene r al ev id ence o f  one way feedbac k  from obse rved 

out put and pr ices to obse rv ed money ,  demand func t ions fo r the monetar y 

quan t i t y i nd ices ar e spec i fied and est imated . 
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1 1  

Demand Funct ions for the D iv i s i a  Monetary Aggreg ates 

The UK demand for money funct ion has , in the las t decade , become one o f  the mos t  

heav i ly r esearched ar eas i n  appl ied macroeconomics , a conc ise survey o f  the 

lite rature be ing found in M i lls ( 1 98 0 b ,  chapter 2) . In re sponse to the 
br eakdown and s ubsequent instabi lity of convent ional demand for broad money 

funct ions in the m id 1 9 7 0 s ,  attent ion has since focussed on the issue of dynamic 
spec i f icat ion , r esult ing i n  the studies of Hendry and M i zon ( 1 9 7 8 ) , Hend r y  ( 1 9 8 0 )  

and M i lls ( 1 9 80 , chapter 4 ) . 

The constr uct ion of Div i s i a  monetary i nd ices enable s an impo r t ant aspect o f  

convent ional demand theory missing in the est imat ion o f  s imple-s um money demand 
func t ions to be cons ide red . The avai lab i l i ty of a dual set of D i v i s i a  mone tary 

pr ice ind ices al lows a t r ue oppor tunity cost var i able to  be incorpor a ted as a 

regressor , r athe r than the mor e  or less ar b i t r ar y  proxy by an inte rest r ate , and 

also enables a compe t ing pr ice var i able to be included . 

Because the dynamic spec i f icat ion of demand f unct ions for the ent i re set of D i v i s i a  

mone tary quant i ty i nd ices wou ld r equ i r e  a conside rable r ese ar ch e f for t ,  " er ror 

cor r ect ion" mode ls we r e  spec i f ied and est imated for each index . Such mode l s  have 

been found to be par t icular y useful i n  the pr esent context ,  for they embody sens ible 

equ i l ibr i um behav iour and r ich short r un dynamics . Both Hendry ( 1 9 8 0 )  and M i l l s  

and Wood ( 1 9 82) h ave successfu lly employed models of th i s  type to invest igate the 

demand for money i n  d i f fe r ent histor i cal pe r iods and po l icy r eg ime s ,  although 

Granger and We i s s  ( 1 9 82) , in developi ng the relat ionsh ip between these mode l s  and 

convent ional t ime se r i es analys i s , have emphas i sed a numbe r of d i f f ic u l t i e s  i nh e r e nt 

in such dynamic spec i f icat ions . The u se of th i s  par t icular mode l  should be seen 
as a f i r s t  attempt at dynamica lly modelling the D i v i s i a  money demand funct ions , 

obv ious def ic i encies in these models be i ng r egarded as po i nt e r s  to the d i r ec t ion 

any r espec i f icat ion should t ake . 

Thus the fol lowi ng e r r or cor rect ion mode l  was spec i f ied : 

( 1 1 . 1 )  

wher e  all var i ables ar e in log ar i thms , m i s  the part icular D iv i s i a  quant i ty i ndex ,  

x i s  the dual D i v i s i a  user cost inde x ,  z i s  the p r ice o f  compe t i ng assets , and 

q and p a r e  output and the p r i ce level respect ively.  In constant g r owth 
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equ i l i br i um ,  after al l short r un dynamics have worked themselve s out ,  ( 1 1 . 1 )  
reprod uces : 

M ( 1 1 . 2 )  

whe r e  upper case letters denote actual values of the var i ables , m = p = q - g ,  

The par ameters Y1 and Y2 are the long r un own and compet ing pr ice 

elas t i c i t ies of money demand , the long r un pr ice and output elast icities  
be ing cons tr ained to  uni ty .  Not ing that P .Q = Y ,  ( 1 1 . 2 )  can be wri tten as 

the 'inve rse  veloc i ty '  funct ion : 

( 1 1 . 3 )  

Equat ion ( 1 1 . 1 )  was e s timated for each Divisia  quant i ty index ove r the sample per 

1 96 3  Q 1  to 1 9 8 0  Q4 wi th the d ual user cost for D ivisia  PSL2 enter ing as the compet 

pr ice var i able z .  (Th i s  means that there was no z var iable for the PSL2 demand 

funct ion . ) Ser i al cor r elat ion in the residuals was model led by autor egr ess ive 

scheme s ,  although i t s  pr esence may be taken as an ind icat ion of the dynamic 

m i s spec i f icat ion inhe rent in the error correct ion model . The estimates of the 

demand funct ins for the Divisia  M2 , 8M 3 , M3 and PSL 1 ind ice s wer e  almost ident ical 

and hence only the results for Divis i a  £M3 ,  along wi th those for M1 and P SL2 , 

ar e presented i n  T able 1 1 .  

All the pa rame ter est imates in the D i v i s i a  M 1  demand funct ion are sign i f icant 

and cor r ectly s ig ned , the equ i l ibr i um solut ion be ing : 

-. 2 1 . 1 8  4 1 2 2 9  M = AX Z , A = exp ( - . - .  g )  
Y 

Own and compet ing p r ice elastic i t i e s  are of the same i ne la s t ic order of magn i tude , 

but of cou r se oppos i t e  s i gned , whi le ,  in the absence of any asset pr ice changes , 

the money- i ncome ratio would decline in steady state growth , this be ing con s i s tent 

w i th the theory of t r ansact ion balance demand . Mean response lag s  for all 

var i ables are under two quart e r s  and , in compar i son w i th the univar i ate model for 

D iv i s i a M l , the r e s idual s t andard e r ror is  some 1 4 % lowe r . 
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Th is minimal r equ i r ement for a mult ivar i ate model i s  not met for the 

broader i nd ices . Wh i le the par ameter est imates ar e cor r ectly s igned for 

D iv i s i a  PSL2, the own pr ice and e r ror co r r ect ion coe f f i c i ents ar e 

insign i f icant and mean response l ags are be tween 1 0  and 1 5  quar te r s .  

Moreove r ,  the residuals r equ i r e  a fourth orde r scheme for adequate mode l l i ng ,  

th is be ing strong evidence of the need for dynam ic re spec i f ic ation .  The 

posit ive , albe i t  insig n i f icant , er ror cor rect ion coe f f i c ient in the D i v i s i a  

EM3 funct ion impl ies th at the equat ion is dynamically uns table , sugges t ing 

that a mode l in d i f fe rences alone may be nece ssary.  

These result s ,  although explor atory, are inte rest ing i n  a number of respects . 

Error cor r ect ion models are often too s impl i st ic to captur e the dynamic 

relat ionsh ips ex i st ing between economic t ime se r ie s ,  thus lend i ng s upport 

to the f i nd i ng s  of G r ange r  and Weiss ( 1 9 82) . Neve r the less,  such a 

formulat ion does adequately model the demand for D iv i s i a  M l , although , 

g iven the close relat ionship be tween the D i v i s i a  and s imple-sum i nd ices for 

th is  aggr egate , and the known success of e r ro r  cor r ect ion models in 

mode l l ing this  latter index [Hendr y ( 1 9 80 ) ], this  should not be surpr i s i ng .  

The success of the user cost var iables is notewor thy, and represent a 

useful add i t ion to the menu of explanatory var i ables fo r mode lling money 

demand . 

As w i th the conve nt ional s imple -sum agg r egate s ,  spec i f ication problems 

arise when modelling broade r quant i ty i ndice s .  Fur ther dynamic 

respec i f icat ion i s  obv iou sly r equ i r ed and it is inte rest ing to note that 

the dynamic i ns tabi l i ty of Divisia  EM 3  is a problem that has cons i stent ly 

beleaguered the model l i ng of simple -sum EM3 . 
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Long Run Feedback between Money and Income 

As has bee n  d i scu ssed i n  Sect ion 1 0 ,  the quant i ty theoret i c  implications 

of a g iven ch ange in money i nducing a propor t ionate change in the pr ice 

level and a zero ch ange i n  output are essent i al ly statements about the 

char acte r i st ics of the - long-r un ave r age - behav iour of an economy . Th i s  

i s  the po s i t ion t aken by Lucas ( 1 98 0 )  and Geweke ( 1 9 8 2 ) . The latter has 

proposed t es t i ng these long run implicat ions by decompos ing the feedbac k 

measures introduced i n  Sect ion 1 0  by frequency , wh ile the former has 

exam i ned these quest ions by compar i ng the behav iour of two s ided mov i ng 

ave rages of the var i ables in quest ion . As noted by Lucas , and developed 

by M il l s  ( 1 9 82b) , these methods are cons i s tent w i th the interpretat ion 

of long-r un ave rage behav iour as the relat ionships exi s t ing between the 

t r e nd component s of these t ime ser ie s . 

Consequently, th i s  sect ion const r ucts cor respondi ng measur e s  of feedbac k to 

those pr esent ed i n  Sect ion 1 0  for the trend components ext r acted from the 

alternat ive monetary quantity i nd ices and nom i nal i ncome and i ts components . 

The decompo s i t ion of the quant ity ind ices has been d i scussed i n  Sect ion 9 
and , u s i ng Burma n 's ( 1 9 80 ) MSX methodology,  the tr end component s of nom inal 

i ncome , output and the pr ice level were ext r acted u s i ng the ARIMA models 

for these se r i es shown i n  Table 1 2 .  Both the log ar i thms of income and 
output fol low ARIMA ( 0 , 1 , 1 )  ( 0 , 1 , 1 ) 4 proces se s  and hence the i r  tr end and 

seasonal component s are random walks . The log ar i thm of pr ice has an 

autoreg ress ive component,  impart i ng a gr eater smoothness to its  trend .  

To reduce comput at ional cost s ,  the model orde r s  wer e  set at the maximum 

found i n  the prev i ou s  analys i s  and the feedback measures so calculated are 

repor ted as T able 1 3 .  

The r e  i s  strong unid i r ect ional feedback from trend i ncome to the M l  t rend 

components ,  wi th no evidence of feedbac k i n  the other d i r ect ion . For the 
broad agg r egates , however ,  the d ir ec tion of feedback i s  rever sed , running 

from t r e nd money to trend i ncome . 

w i th regard to t r end outpu t , there is b i d i r ect ional feedback for all 

aggr eg a te s ,  the r elat ionsh ip be i ng stronger for the D iv i s i a  indice s . Trend 

pr i ce s  and the tr end components o f  the narrow money agg r egates have feedbac ks 
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ope r at i ng i n  both d i r ect ions , with the D i v i s i a  ind ices again hav i ng larger 

feedback meas u r es . The relat ionsh ip between trend pr ices and the broad 

aggr eg ate trend s  is one of unidi r ect ional feedback r unning from money 

to pr ices alone , the D iv i s i a  ind ices outpe r forming the s imple- sum agg r egates 

ye t ag a i n . In general , the trend broad aggr egates are mor e  closely 

related to t r end i ncome and its  components th an are nar r ow agg r eg ates w i th 

the Div i s i a  indices hav i ng a closer relat ionsh ip th an the i r  s imple-sum 

counterpar ts . 

The relat ionsh ips between the trend components are un i forma l ly strong e r  

than those between t h e  observed se r ie s , with the patte r n  of feedback be i ng 

mor e  con s i s te nt . These results lend support to the v i ews of Lucas ( 1 9 8 0 )  

and Geweke ( 1 9 8 2 )  conce rn ing the interpretat ion o f  the quan t i ty theory a s  a 

set of long run propos i t ions about the inte r act ion between money and 

income , but fur the r research is needed to test the spec i f ic quant i ty 

theore t i c  impl icat ions , although a start has been made i n  M i lls ( 1 9 8 2 a , b) . 
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Conclud i ng Remar k s  

The results  present ed i n  the ear lier  sect ions o f  th is paper show that , on 

an i nformat ion cr i t er ion , the p r actice of simple -sum agg r egat ion ove r  

monetary asset s i s  sever e ly de fect i ve .  I f  weighted monet ary aggr egates 

a r e  impo r t an t , as  these results and economic agg regat ion theory c le ar ly 

sugges t ,  then the u se of st atist ical monetary quant i ty i ndex number s  

employi ng u se r  cos t s  as pr ices prov ides an appropr i a te method for the i r  

cons t r uc t ion . with i n  the class of ' supe r lat ive ' i ndex numbe r s ,  the 

D i v i s i a  has a par t icularly c lear i nterpretat ion in the prese nt context , 

be i ng the we ighted ave r age of the growth rates of the monetary assets , the 

weights be i ng the sh ar e contr ibut ions of each as set to the total value of 

t r ansact ion services prov ided by all assets . 

A h i e r a rchy of D iv i s i a  monetary quant i ty and dual pr ice indices have the r e fore 

bee n  cons t r ucted and , although there are a numbe r of ( pr imar i ly insti tut ional ) 

d i f f icult ies w i th these i nd ices , the i r  hi stor ical behav iour i s  both sensible 

and r e ad i ly expl a inable in terms of movements in f i nanc i al var iables . 

On subseque nt stat istical analys i s ,  the t r ad i t ional s imple-surn agg r egates 

are found to be somewhat more closely r e la ted to income and pr ices than 

the i r  D i v i s i a  counterpa r t s ,  although both sets of results do not prov ide 

feedbac k patter ns cons i s tent w i th any economic theory .  Interpr et i ng the 

quant i ty theory as a set of propos i t ions concer n i ng the long r un ave r age 

beh av iour of an economy , however , suggests model l ing the relationsh ips 

between the t rend components ext r ac ted from the observed ser ies and s uch 

mode l l i ng i ndeed prov ides a set of feedback patter ns cons iste nt w i th thi s  

interpr e t at ion . For such model s ,  the D iv i s i a  indices are now more closely 

r e l at ed to income and pr ices and the ove rall set of results po i nt to a 

broad D iv i s i a  quant i ty i ndex as be i ng the mos t  appropr iate monetary aggreg ate , 

the cho ice be i ng e i ther D i v i s i a  £M3 or PSL 2 . Such a f i nd i ng i s  consistent 

w i th that for the US di scussed in Bar nett ( 1 9 8 2 ) , who favour s  US D i v i s i a  L ,  

and i s  al so cons i s tent w i th ,  h is cond i t ions for the opt imal level of 

monet a r y  aggr egat ion . 
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Append ix A - Tables 

Monetary compone nts 

C l 
C2 
C3 
C4 
Cs 
C6 
C7 
Cs 
C9 
C l 0  
C l l  
C 1 2  
C 1 3  
C 1 4 
C l S 
C 1 6  

Note s  and coi n  i n  circulat ion w ith the public 

Non- i nterest-bear i ng UK pr i vate sector ster l i ng s igh t depos i ts 

Interest-bea r i ng UK pr ivate sector ster l i ng s i gh t  depos i ts 

OK pr ivate sector sterl ing t ime depos i t s  excludi ng depos i t s  of over 2 ye a r s  

OK pr ivate sector sterl ing t ime depos i t s  ( over 2 yea r s )  

OK public sector sterl ing depos its  

OK r es ident s '  depos i t s  in other cur r enc ies 

T r easury bi lls 

Bank b i lls 

Depo s i t s  w i th local author i t ie s  

Depos i t s  w i th f i nance houses 

Shares and depos i t s  w i th build i ng soc ie t i e s  

Depos i t s  w i th T rustees Sav ing s B anks 

National sav i ngs secur i t i es 

Depos i t s  wi th the Nat ional Sav ings B ank 

Cer t i f icates of tax depos its  

Monetary S um Agg r eg ates 

M l = C 1 + C 2 + C3 

£M3 = M l + C4 + Cs+ C6 

M3 = £M3 + C7 

PSL 1 * = M l + C4 + Cs + C l 0  + C l l  

PSL2* = PSL l + C 1 2  + C B + C 1 4 + C 1 S + C 1 6  

* Adj usted for double-count ing 

For exact def ini t ions of monetary components , see F in anc i al Stat i st ics 

explanator y  h andbook . 
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TABLE 2 

Mone t a r y  ASse t s  

m* *  

ma 
mg 
m, O 
m" 
m* 4 
m* 9 

, 

= C , + C 2 (Tr ansac t ion bal ances)  

= C 3 
= C 3 + C 4 (Re tail deposi ts)  

= C 3 + C 4 + C 6 
= C s (Wholesal e d eposi ts) 

= C 7 
= C a 
= C 9 
= C ' O 
= C " 
= C ' 2 
= C 1 3  
= C ' 4 + C ' S 
= C ' 6 
= C a + C g + C ' O + C " (Othe r money m ar ke t  inst r uments) 

= C 1 3  + C ' 4 + C ' S + C 1 6  (Sav ing s  d epo s i t s  and sec ur itie s) 

Al te r n at iv e  A.gg r eg ate G roupi ng s 

M ' = ( mO ' m , ) 

M 2  = ( mO ' m* ) , 

EM 3 = ( mO ' m* *  , , m 2) 

M 3  = (mO ' m* *  1 ' m 2 , m 3) 

PSL ' = ( mO ' m* , , m 4 , m S ' m6 , m7 ) 

PSL2 = ( mO ' m* , , m4 , m S ' m6 , m S ' m 9 , m , O ' m ' l ) 
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TAB LE 2 ( continued )  

Rate s  o f  Retur n 

'0 
" 
r2 
'

3 
'

4 
'5 
r6 
'7 
'8 
r9 
" 0 
r "  

R 

= 0 

= LCB 7-day ord inar y deposit accoun t ( =  r* 1 = r* * , ) 

= Sterl ing cer t i ficate s of d eposi t ( 3  months)  

Eurodol l ar ( 3  months)  

= Tr easur y b i l l  yield ( 9 1  days ) 

= Pr ime b an k  b il l  ( 3  month s ) 

= Local author ity deposi t yield ( 3  month� ) 

= F i n anc e house deposi t ( 3  month s )  

= Build ing soc ie ties ord inar y shar e deposit accoun t ( g ross) 

= Tr ustee Sav ing s  Bank d eposi t r ate 

= National Sav ing s  Ban k deposit r ate 

= Ce r t i fic ate s of t ax deposi t  ( g ross) 

= max ( rO ' • • •  r 1 1 , r G) + 0 . 1 0  po ints , whe r e  

= Long term ( 2 0  ye ar)  government stoc k 
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TABLE 3 

( a )  I nformation content of c 

Lag 0 1 2 3 4 5 6 7 8 9 

I ( y/c ) . 26 . 38 . 3 5  . 4 2  . 5 5  . 4 6  . 6 7  . 4 3  . 5 7  . 4 8  

2 . 4 1  . 5 3 . 5 0  . 57 . 6 7  . 6 0  . 7 4  . 5 8  . 6 8  . 6 2  
R* ( . 3 2 )  ( . 3 2 )  ( . 3 2 )  ( . 3 2 )  ( . 3 3 )  ( . 3 3 )  ( . 3 3 )  ( . 3 4  ) ( . 3 4  ) ( . 3 5 ) 

( b )  Relat ive i nformat ion ( . ) loss of c ) : L (Y/C ( j ) : £) /I ( y/c ) 

Lag 0 2 3 4 5 6 7 8 9 

( 1 ) . 8 9  . 9 3  . 9 8  . 9 2  . 9 1  . 9 9  . 9 3  . 9 7  . 9 7  . 9 6  
m ( . 7 0 )  ( . 5 0  ) ( . 5 4 ) ( . 4 4 ) ( . 3 4 )  ( . 4 1 ) ( . 28 )  ( . 4 3 )  ( . 3 4  ) ( . 4 1  ) -

( 2 )  . 8 1  . 8 5  . 9 2  . 8 4  . 8 8  . 9 5  . 9 3  . 7 7  . 8 2  . 9 1  
m ( . 6 3  ) ( . 4 4  ) ( . 49 ) ( . 39 ) ( . 3 1  ) ( . 3 5 )  ( . 2 5 ) ( . 39 ) ( . 3 0  ) ( . 4 1  ) -

( 3 )  . 5 4  . 5 9  . 7 8  . 6 8  . 6 3  . 6 5  . 6 8  . 6 2  .49 . 5 8 
m ( . 4 7  ) ( . 36 ) ( . 3 9  ) ( . 3 2  ) ( . 2 5  ) ( . 30 )  ( . 20 )  ( . 3 2 )  ( . 25 ) ( . 3 4) -

( 4 )  . 4 9  . 5 8 . 7 4  . 6 3  . 6 2  . 4 9  . 6 5  . 6 1  .49 . 48 
m ( . 47 ) ( . 3 4 ) ( . 36 ) ( . 29 ) ( . 2 3 ) ( . 28 ) ( . 1 9 )  ( . 29 )  ( . 2 3  ) ( . 3 1  ) -

( 5 )  . 5 1  . 26 *  . 5 5 . 59 . 50 . 5 3  . 5 6  . 52 . 6 1  . 59 
m ( . 4 4  ) ( . 3 0 )  ( . 3 3  ) ( . 27 ) ( . 2 1  ) ( . 2 5 ) ( . 1 7 )  ( . 27 ) ( . 2 1 ) ( . 28 ) -

( 6  ) . 0 5* . 0 3 *  . 0 6 *  . 1 0 *  . 0 4* . 2 2 . 2 6  . 1 3* . 2 3 . 28 
m ( . 2 2 )  ( .  1 5 )  ( . 1 7 )  ( .  1 3 ) ( . 1 0 )  ( . 1 2 ) ( . 0 9 )  ( • 1 4 ) ( • 1 1  ) ( . 1 5  ) -

( j ) ( j ) ( j ) 
( c ) Incremental i nformat ion loss of M L (y/M c )  - L ( y/£ £) /1 ( y/c ) 

Lag 0 2 3 4 5 6 7 8 9 

M ( 2 )  ne ne ne ne ne ne ne ne ne ne 

( 3 )  
M ne ne ne ne ne ne ne ne ne ne 

M ( 4 )  ne ne ne ne ne ne ne ne ne ne 

M ( 5 )  ne . 4 9  ne ne ne ne ne ne ne ne 
( . 27 ) 

M ( 6 )  . 7 4  . 7 8  . 7 4  . 6 9  . 7 4  ne ne . 4 7  ne ne 
( . 5 9 )  ( . 4 2 )  ( . 4 7  ) ( . 38 ) ( . 3 0 )  ( . 37 )  

ne = not computed . Figures  i n  parentheses are . 0 5  s igni f icance values of the 
stat i s t ic based on the appropr i ate transformat ion to the 2 d i s t r i but ion . 

* denote s  an ins ign i f icant information los s . 
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TABLE 4 

Hypothesis/Regressors LR Test stati stic 

Maintained ( 3 . 4 ) /Ml ; EM3-Ml , M3-EM3 

Hl/Ml 88 . 4  

H2/EM3 39 . 9  

H3/M3 3 8 . 0  

H4/Ml ; EM3-Ml 

Maintained ( 3 . S ) /Ml ; PSLI-Ml ; PSL2-PSLl 

H l/Ml 

H2/PSLl 

H 3 /PSL2 

H4/Ml ; PSLI-Ml 

H I ,  H 2 ,  H 3  test statistic -X
2

( 14) ; H4 test stati stic -X2 ( 1 7 )  

TABLE S 

Weighted ( EM3 ) 
1 = Ml + . 46 (EM3-Ml ) 

Weighted (EM3 ) 2 
. 69Ml + . 31 (EM3-Ml) 

Weighted (EM3 ) 
3 

. S4Ml + . 46 EM3 

Weighted (PSLl) 1
= Ml + . 39 (PSLI-Ml ) 

Weighted ( PSLl) 2= . 7 2Ml + . 28 (PSLI-Ml ) 

Weighted (PSLl) 3= . 6 2Ml + . 39 PSL2 

14 . 9  

7 2  . 9  

40 . 6  

5 3 . 8 

29 . 0  



TABLE 6 

P
' 

= M ' 
a -a 

p 2 
= M ' 

a -a 

1 P h 
= M ' 

� 

p 2 
= M ' 

a =-=b 

44 

p " whe r e  p' , :I ( . 8 1 , . 1 1 , . 58 )  -a -a 

P 2 ' wher e  P' 2 = ( . 6 5 , - . 56 , - . 52 ) -a -a 

Et,1 ' whe r e  Pbl 

!{,2 ' whe r e  Pbl 

= ( . 57 , . 57 , . 38 , . 07 , . 25 , . 1 8 , . 20 , . 0 1 , . 28 )  

( - . 06 , . 6 1 , - . 24 , - . 50 , . 24 , -. 1 1 , - . 40 , -. 29 , - . 0 1 ) 

Pe rc entag e o f  v ar iation expl ained by : 

3 9  

3 5  

We ig hted agg r eg ate s 

I n  Qa 
= . 54 I n  mO + . 07 In m l * *  + . 39 In m2 

+ . 0 8 In ma + . 00 In m9 + . 1 1  In m l 0 * 
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Agg r eg at e  Equat ion s tandard e r ror 2 R. 

s um  M 1  . 0 2 4  . 0 5  

s um £M3 . 0 2 1  . 09 

Sum M 3  . 0 22 . 0 6  

s um  PSL 1 . 0 2 1  . 0 9  

Sum PSL2 . 0 2 4  . 0 3  

Qa . 0 26 . 0 2  

Qb . 0 26 . 0 2  
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ARlMA Mod el s for Div i s i a  Quant ity Ind ice s  

Model : f1
1 

f1
4 ln x .. ( 1 - 81

B- 8
2

B
2

) ( 1 - 8
4

B
4

) a
t t 

"- A " A 

x 8
1 8

2 8
4 a a 

Div i si a  M 1  - . 280 -. 492 . 856 . 02 0 8  
( . 1 05 ) ( . 1 09 )  ( . 07 8 ) 

Div i si a  eM 3  -. 27 1 -. 248 . 83 6  . 0 1 53 
( . 1 1 5 ) ( . 1 1 5 ) ( . 07 5 )  

Div i s i a  PSL2 -. 1 9 1 -. 296 . 794 . 0 1 3 1  
( . 1 1 4 )  ( . 1 1 4 ) ( . 07 9 ) 

AREMA Model s for Simpl e-Sum Quantity Ind ices 

Model : f1
1 

f1
4 

in x
t 

= 2 3 4 
( 1 - 8 B- 8 B - 8 B ) ( 1 - 8 B ) 

1 2 3 4 
a

t 

A 

x 8
1 

8
2 

8
3 

8
4 

Sum M 1  -. 1 3 4 -. 443 . 0 89 . 886 
( • 1 2 5 )  ( . 206 ) ( . 1 1 9 )  ( . 1 1 9 ) 

Sum eM3 -. 4 0 6  -. 3 3 7  -. 251  . 84 2  
( . 1 1 7 )  ( .  1 55 )  ( . 1 29 )  ( . 089 ) 

Sum PSL2 -. 3 8 9  - . 4 83 - . 258 . 85 1  
( . 1 23 )  ( . 1 70 )  ( • 1 2 9 )  ( . 083 ) 

Q (9 )  

' 1 3 . 7  

5 . 2 

5 . 8  

a Q (9 ) 
a 

. 02 0 8  1 3 . 7  

. 0 1 60 8 . 8 

. 0 1 08 1 0 . 9  



4 7  
TABLE 9 

ARIM A Model s for Incom e  Veloc i t i e s  

A A 

V 84 0- Q ( 1 1 )  a 

Div i s i a  M 1  . 7 99 . 04 2 1  1 9 . 5  
( . 084 ) 

Div i si a  £M 3 . 72 4  . 03 3 9 1 3 . 1 
( . 095 ) 

Div i si a  PSL2 . 708  . 03 2 0  1 3 . 5  
( . 09 8 )  

Sum M 1  . 7 97 . 04 0 8  1 7 . 3  
( . 0 84 ) 

Sum £M3 . 70 5  . 03 1 7  1 1 . 8  
( . 09 8 )  

Sum PSL2 . 6 87 . 02 64 1 1 . 3  
( . 09 8 )  



TABLE 1 0  48 

( a) Measures of L i near Dependence between Money and Income 

2 2 2 2 
( x , m) p R R R R 

X-+m IIl+X m. x m, x 

I ncome 2 . 1 5 1 . 09 9  . 0 0 3  . 2 38 
S um M l  ( . 0 0 6 )  ( . 0 4 0 )  ( . 6 7 1 ) ( . 0 0 5 )  

I ncome . 0 4 9  . 00 4  . 0 0 9  . 0 6 1 
S um EM3 ( . 2 1 9 )  ( . 89 6 )  ( . 2 2 1 ) ( . 5 5 4 )  

I ncome 1 . 1 44 . 0 1 4  0 . 1 5 5 
Sum PSL2 ( . 0 4 6 )  ( . 9 2 9 )  ( . 99 9 )  ( . 3 1 2 ) 

I ncome 2 . 1 4 2 . 0 7 8  . 0 28 . 2 1 1 
Div i s i a  M l  ( . 0 09 )  ( . 08 1 ) ( . 6 9 3 )  ( . 0 1 1 )  

I ncome 2 . 0 9 8  . 057 . 0 08 . 1 56 
D iv i s i a  EM 3  ( . 0 4 1 ) ( . 1 7 7 )  ( . 4 8 0  ) ( . 0 6 0 )  

I ncome 2 . 1 28 . 07 3  . 0 0 5  . 1 9 6  
D i v i s i a  PSL2 ( . 0 1 5 )  ( . 09 4 )  ( . 6 0 7 )  ( . 0 1 9 )  

( b )  Measures of Line ar Dependence between Money and Output 

2 2 2 2 
( x , m ) p R R R R 

� R4X m. x m, x 

Output 3 . 1 1 5  . 0 2 8  . 0 0 5  . 1 4 3 
Sum M l  ( . 0 5 5 )  ( . 6 2 5 )  ( . 6 0 7 )  ( . 2 1 4 )  

O utput 3 . 1 39 . 00 2  0 . 1 4 1  
S um EM3 ( . 0 2 4 )  ( . 98 6 )  ( . 9 9 9 )  ( . 2 2 4 )  

Output 4 . 1 23 . 1 0 1  . 0 1 8  . 2 26 
S um PSL2 ( . 0 8 6 )  ( . 1 6 5 )  ( . 27 9 )  ( . 0 6 8 )  

Output 2 . 1 28 . 0 3 2  . 006 . 1 6 1  
D i v i s i a  M l  ( • 0 37 )  ( . 56 3 )  ( . 57 1 ) ( • 1 49 ) 

Output 3 . 1 1 6 . 0 32 . 0 0 1  . 1 45 
D i v i s i a  EM3 ( . 0 52 )  ( . 56 3 )  ( . 83 8  ) ( . 20 7 )  

Output 3 . 1 1 3 . 0 3 8  . 0 0 3  . 1 49 
D i v i s i a  PSL2 ( . 0 5 9  ) ( . 48 9 )  ( . 7 07 ) ( . 1 9 4 )  



49 
TABLE 1 0  ( cont inued) 

( c)  Measures of Linear Dependence between Money and P r ices 

2 2 2 2 
( x , m )  p R R R R 

x m m x m. x m, x 

Pr ices 2 . 089 . 0 0 8  . 0 1 5  • 1 1 1 
Sum M l  ( . 0 5 3 )  ( . 7 7 4 ) ( . 34 8 )  ( • 2 0 6 )  

Pr ices 4 . 1 68 . 1 44 . 044 . 3 1 9  
Sum eM3 ( . 0 2 2 )  ( . 0 46 ) ( . 0 94 ) ( . 0 0 4 )  

Pr ices 3 . 0 9 5  . 1 0 0 . 0 4 3  . 2 2 1  
Sum PSL2 ( . 099 ) ( . 08 8 )  ( . 09 7 )  ( . 0 29 ) 

P r ices 3 . 1 0 2  . 0 2 5  . 0 27 . 1 48 
Div i s i a  M l  ( . 0 8 3  ) ( . 6 6 4 )  ( . 4 32 ) ( . 1 9 8 )  

P r ices 1 . 0 2 5  . 0 1 1 . 0 1 1 . 0 47 
Div i s i a  EM3 ( . 2 1 9 ) ( . 428 ) ( . 4 2 5 )  ( . 4 0 8 )  

P r ice s  1 . 0 3 9  . 0 1 6 . 0 08 . 0 6 1  
D iv i s i a  PSL2 ( .  1 24 )  ( . 3 4 2 ) ( . 48 6 )  ( . 2 6 7 )  

F igures i n  parentheses are marg inal s igni f icance levels of the T F 
stat istics ; T = 7 1 -P . 



TABLE 1 1  50 

Demand funct ions for D i v i s i a  QUant ity Ind ices 

Mode l :  

A- A A 
m 8

0 
8

1 
8

2 
8

3 
8

4 
8

5 
-2 R CJ r* 

Div i s i a  M l  -4 . 1 2  . 4 8 - . 7 7  - . 1 0  . 0 8  - . 4 6  . 7 4  . 0 1 7 9 2 
( . 7 7 )  . 0 5 )  . 1 9  ) . 0 2 )  . 0 3 )  . 0 9 )  

D i v i s i a  £M3 . 6 4  . 3 4 - 1 . 1 4  . 0 3  - . 09 . 0 7 . 6 5  . 0 1 7 9 0 
. 4 6 )  . 0 5 )  ( . 1 9  ) . 0 1 ) . 0 6 )  . 0 5 )  

D i v i s i a  P SL2 - . 6 2  . 27 - 1 . 00 - . 0 1  - . 07 . 6 6  . 0 1 48 4 
. 4 9 )  . 0 5 )  ( . 1 6 )  . 0 1 ) . 0 6 )  

* r i s  the orde r o f  the autoregress ive scheme modelling u 
t 

. 
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TABLE 1 2  

ARlMA Models for Nominal Income and i t s  Components 

C - . 6 58
4 ) a

t 

A 

f:. 1 
f:.

4Yt 
= - . , 68) (' a = . 0 2 3 1 , Q ( 1 0 ) = 1 0 . 4 

( . 1 2 ) ( . 1 0 ) 
a 

C 4) 
A 

f:.
1 

f:.
4Q

t 
= - . 4 1 8 ) ( ' - . 7 38 a

t a == . 0 1 9 6 , Q ( 1 0 )  = 5 . 9 
( . 1 1 )  ( . 0 9 ) 

a 

� ( 1 4) - . 6 58 
( • 1 0 ) A 

f:., f:.
4 Pt 

a
t a = . 0 23 1 , Q ( 1 0 )  == 1 0 . 4 ( 1 - . 5 28 ) a 

( . 1 1 )  



TABLE 1 3  
5 2  

( a) Meas u r e s  of L i ne ar Dependence between Tr end Money and Trend I ncome 

2 2 2 2 
( x , m) p R R R R 

x-+m n»x m . x m, x 

I ncome 4 . 2 1 5  . 0 3 1  0 . 2 40 
S um M 1  ( . 0 0 3 )  ( . 7 1 9 )  ( . 9 9 9 )  ( . 0 3 3 )  

I ncome 4 . 1 34 . 25 5  . 0 33 . 37 6  
Sum £M3 ( . 0 48 ) ( . 00 1 ) ( . 1 50 )  ( . 0 0 1 ) 

I ncome 4 . 0 2 9  . 2 44 . 02 5  . 28 4  
S um PSL2 ( . 7 4 1 )  ( . 00 1 ) ( . 2 1 1 )  ( . 0 0 8 )  

I ncome 4 . 2 20 . 0 20 . 0 0 3  . 2 38 
D i v i s i a  M 1  ( . 0 0 3 )  ( . 846 ) ( . 66 4 )  ( . 0 34 ) 

I ncome 4 . 0 9 3  . 1 5 3 . 0 1 3  . 2 33 
D i v i s ia £M3 ( .  1 7 8 )  ( . 0 2 4 )  ( . 7 8 8 )  ( . 0 4 0 )  

I ncome 4 . 0 6 4  . 1 7 1  . 0 0 1  . 2 26 
D iv i s i a PSL2 ( • 3 6 7 )  ( . 0 1 5 ) ( . 7 7 0 )  ( . 0 48 ) 

( b )  Meas u r es of L i ne ar Dependence between Tr end Money and Trend Output 

2 2 2 2 
( x , m )  p R R R R 

x+m I14X m. x m, x 

Output 4 . 1 7 8  . 1 86 . 0 05 . 3 34 
Sum M1  ( . 0 08 ) ( . 0 0 8 )  ( . 6 3 3 )  ( . 0 0 2 )  

Output 4 . 1 4 9 . 1 1 5 . 0 1 7  . 259 
S um £M3 ( . 0 3 0 )  ( . 08 8 )  ( . 30 7 )  ( . 0 1 9 )  

Output 4 . 1 48 . 1 1 8 0 . 249 
Sum PSL2 ( . 0 3 1 ) ( . 07 9 )  ( . 9 9 9 )  ( . 0 2 4 )  

Output 4 . 1 7 7 . 23 4  0 . 37 0  
D iv i s i a  M 1  ( . 0 1 1 )  ( . 00 2 )  ( . 9 99 )  ( . 0 0 1 ) 

Output 4 . 1 8 5  . 1 4 5 0 . 3 0 3  
D i v i s ia £M 3  ( . 0 8 6 )  ( . 0 3 5 )  ( . 9 9 9 )  ( . 0 0 4 )  

Output 4 . 23 9  . 1 4 1  0 . 3 66 
D i v i s i a  PSL2 ( . 0 0 1 ) ( . 0 3 9 )  ( . 9 9 9 )  ( . 00 1 ) 
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TABLE 1 3  ( cont inued ) 

(c) Measures of Line ar Dependence between Trend Money and Trend Pr ice s  

2 2 2 2 
(x , m) p R R R R 

X-+IIl ffi-+X m. x m, x 

P r ices 4 . 1 05 . 1 1 0  . 0 3 4  . 2 30 
Sum Ml ( . 1 2 3 ) ( . 099 ) ( .  1 4 5 )  ( . 0 4 3 )  

pr ices 4 . 07 7  . 2 3 2  . 0 0 4  . 29 4  
Sum £M3 ( • 256 ) ( . 0 0 2 )  ( . 6 2 1  ) ( . 0 0 6  ) 

Pr ices 4 . 07 8  . 1 97 . 0 0 1 . 26 0  
Sum PSL2 ( . 2 47 ) ( . 0 0 6 )  ( . 8 0 6 )  ( . 0 1 9 )  

Pr ices 4 . 1 27 . 1 1 6 . 0 0 1  . 2 29 
Div i s i a  Ml ( . 0 6 1 ) ( . 0 8 7 ) ( . 8 2 5 )  ( . 0 4 4 ) 

Pr ices 4 . 00 9  . 24 1  . 0 03 . 2 5 0  
Div i s ia £M3 ( . 9 62 )  ( . 00 1 )  ( . 6 7 1  ) ( . 0 2 4 )  

P r ices 4 . 0 20 . 22 4  . 0 1 0  . 2 4 8  
D iv i s i a PSL2 ( . 8 4 6 )  ( . 00 3 )  ( . 6 8 4 )  ( . 0 2 4 )  

F i�ures in parenthe se s  are marg inal s igni f icance levels of the 
T F stat i st ic s ;  T = 6 7 . 
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Appendix B - Charts 

1 .  C o mp o n e n t s  of p r i v a t e  s e c t o r  l i q u i d i t y ( l e ve l s )  

r. b t 1 1  t on 

60 
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4 0  
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2 .  C o mp o n e n t s  o f  p r f v a t e  s e c t o r l f q u f d i t y ( g r o wt h  r at e s ) 

Pe r cent 

, 
60 " 

' 1  
' 1  , , , 1 , 1 

50 
, , . . . . ' :  , 1 . . , 1 , 1 , 1 , 1 

4 0  
1 1 , 1 1 1 1 1 , 1 , 1 

30 
, 1 ':0. , 1 .. , 1 : , I :  1 r , .1 .. 

20 
1 : 1 , 1 , 1 

1 
1 
1 

1 0  
1 

0 \ \ I , , 1 \ , I 1 , , , I 1 '.' 
, , I , 1 , , I 

- 1 0  , 1 , I , I I 
'., I ... ... 
I ... ... � -20 

1 965 69 73 77 8 1  
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50 
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30 

20 

10 

60 

50 

40 
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10 

0 

- 1 0  

-20 
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3 .  M l  q u an t  i t y  i n d e x e s  1 96 3 -8 1 4 .  M2 q u an t i t y  i n d e x e s  1 96 3 - 8 1 

9 - - 9  9 - - 9  

a - - 8  8 - - 8  

I 
7 - - 7  7 - r 7 

6 - - 6  6 - /1 - 6  I 
S - S -

Su. 
4 - 4 -

3 - - 3  3 -

2 - - 2  2 -

1 63 65 67 69 7 1  73 75 77 79 8 1  1 

5 .  £.M3 q u an t t t y t n d e x e s  1 963-8 1 6 .  M3 q u an t t t y t n d e x e s  1 9 6 3 -8 1 

9 - - 9  9 - - 9  
, 

a - - 8  8 - L a  I ,. ) 
7 - 7 - I - 7  

I 
6 - - 6  6 - Su. ,J 6 Su_ ) 

.J 

S - s - I 
I 

4 - 4 - 1"1' 
- 4  ..I 

/./ 
3 - 3 - r - 3  / I 
2 - 2 - /. - 2  

7 .  PSL l q u an t i t y i n d e x e s  1 96 3 -8 1 8 .  PSL2 q u an t i t y i n d e x e s  1 9 6 3 -8 1 

9 - - 9 9 - - 9  

8 - - 8  8 - - 8  

7 - 1
7 7 -

I 
6 - "" - 6  6 -

Su_ I 

5 - l 5 5 -I / 
4 - / - 4 4 -

// 
3 -

,..r 
- 3  3 -/ I 

2 - - 2  2 -

1 83 65 87 



9 .  M l  q u an t i t y i n d e x e s  
g r o wt h  r at e s  1 964-8 1 

39 -

25 -

9 

-5 1 1 1 1 1 1 1 1 1 1 
85 67 75 77 79 

1 1 .  £M3 q u an t i t y i n d e x e s  
g r o w t h  r at e s  1 964-8 1 

39 -
Su. 

25 -

5 

9 

-5 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 
65 67 69 7 1  73 75 77 79 

1 3 .  PSL l q u an t t t y i n d e x e s  
g r o w t h  r at e s  1 9 6 4 -8 1 

39 -

Su. (\ 
25 - I , 

I , 
29 - t \ 

, 
\ 

I S  - , 
\ 

1 9 -

a 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -5 65 67 69 7 1  73 75 77 79 

- 3a 

- 25 

9 

1 1 -5 8 1  

- 39 

- 25 

9 

1 1 -5 8 1  

- 39 

- 25 

- 29 

a 

1 1 -5 8 1  
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1 0 .  M2 q u an t i t y t n d e x e s  
g r owth r at e s  1 964-8 1 

39 -

5 

9 

-5 1 1 1 1 1 1 1 1 1 I 1 1 1 1 
85 87 89 7 1  73 75 77 

1 2 .  M3 q u an t  i t y  t n d e x e s  
g r owth r at e s  1 96 4 -8 1 

39 -

25 - Su. 

29 -

1 5 -

19 -

5 

9 

-5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
85 B7 89 7 1  73 75 77 

- 39 

9 

1 1 1 1 -5 
79 8 1  

- 39 

- 25 

A 
11 29 I \ 

I 
I - I S  

I 

- 5 

9 

1 1 1 1 -5 79 8 1  

1 4 .  PSL2 q u an t  t t y  t n d e x e s  
g r owth r at e s  1 964-8 1 

39 - - 39 

25 - - 25 
Su. 

29 - - 29 

5 

11 9 

-5 I 1 1 I 1 I 1 1 1 I 1 1 I 1 1 1 I 1 -5 65 87 n 7 1  73 75 77 79 8 1  



1 5 .  M 1 s h a  r e we i g h t s 

. 9  -

. 8  -

. 7 -
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. 5  -
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. 3  -

. 2 -

- . 8  
- . 7 
- . 6 
- . 5 
- . 4 
- . 3 

S I  - . 2  
. 1 - /", ..:\ . 1  

I I I I I I I I kt-rCII I Il-f 1 0 0 63 65 67 69 7 1  73 75 77 79 8 1  

1 7 .  rM3 s h a r e  we i g h t s  

1 - - 1 

. 9 - - . 9 

. 9  -

. 7 -

. 6  -

. 5  - - . 5  

. 1 - S2 - • 1 
o I I I I I I I ·H· 1 .1· ·4· · ·[,·1· · .1 . . 1 H "  

63 65 67 69 7 1  73 75 77 79 8 1  

1 9 .  PSL l s h a r e  we i g h t s  

1 - - 1 
. 9 - - . 9 

. 7  

. 5  -

. 4 - S I *  / ....... " \  ,� . 4  
/ \  / 'J 

\ 1 . 3 - ../ \1 \ - . 3 
'\ ,- 1 \ , 

. 2  - "\.1" "I ,,/ ' .. ) - . 2 

. 1 - S4 * - . 1  
" ·l"! . .  ·H.··} . .  j·+T"j""·t . . j .·rr-rT·t·· .l .1· ·.1 "  

63 65 67 69 7 1  73 75 77 79 8 1  
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1 6 . M2 s h a r e  we i g h t s  

1 - - 1 
. 9  - - . 9 

. 5  - - . 5 
S I  /...... I" 

. 4 - * / \ \ r. . 4  
1"\ 1 J \ 1 \ 

. 3  - r / \1 \ , - . 3  
� I 1" ..... \ 

. 2 - \/""J \1" ,) - . 2  

. 1 - - • 1 
I I I I I I I I I I I I I I I I I I 1 0 ° 63 65 67 69 7 1  73 75 77 79 8 1  

1 8 . M3 s h a r e  we i g h t s  

1 - - 1 
. 9  - - . 9 

. 9 

. 7  
. 6  - . 6  
. 5  - � . 5  
. 4  - S I ** / /  ..... I...... I- . 4 

1 \ 1 \J \ 1 . 3 -__ / ./  \ j  \ 1 - . 3 
" /' 1\ /- 1 

. 2 - \I  v v \ .... 1 - . 2 
S3 . 1  - S2 " - . 1  

, �  , , - - """r- " "6� I l I J J I j,.l�+-J'1 . . . I- . .lA+Y 1 . . 1 0 65 67 69 7 1  73 75 77 79  8 1  

2 0 .  PSL2 s h a r e  we i g h t s  

1 - - 1 
. 9  - - . 9 
. 8  - - . 8 
. 7 - - . 7 



2 1 .  M l  u s e r  c o s t  I n d e x  1 9 6 3 -8 1 

1 6  - - 1 6  

1 2  -

8 -

4 -

o I I I I I I I I I I I I I I I I I I l e  
63 65 67 69 7 1  7 3  75 77 79 8 1  

2 3 . £M3 u s e r c o s t  I n d e x  1 9 6 3 -8 1 

1 6  - - 1 6  

1 2  - 1 2  

8 -

4 -

I I I I I I I I I I I I I I I I I I l e  0
63 65 67 69 7 1  7 3  75 77 79 8 1  

2 5 . PSL 1 u s e r c o s t  I n d e x  1 9 6 3 -8 1 

1 6  - - 1 6  

1 2  - 1 2  

8 -

4 -

I I I I I I I I I I I I I I I I I I l e  
0

6 3  65 6 7  69 7 1  7 3  75 7 7  78 B l  
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2 2 . M2 u s e r c o s t  i n d e x  1 9 6 3 -8 1 

1 6  - - 1 6  

1 2  - 1 2  

B -

4 -

I I I I I I I I I I I I I I I I I I 1 0 8 63 65 67 69 7 1  73 75 77 79 8 1  

2 4 . M3 u s e  r c o s t  I n d e x  1 9 6 3 -8 1 
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B - 8 

4 -
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3 3 . De c o mp o s i t i o n o f  d i v i s i a M 1  

6 -

5 -

.. -

3 -

2 -

1 02 . 5  -

1 0 1 . 5 -

1 00 . 5  -

99 . 5  -

65 67 
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Se ason a 1 - 1 02 . 5  
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