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1 Introduction 

1 

This paper presents the resu lts of an empirical study of the demand for the  monetary 

aggregates MO, M 1  , M3 and M4. The approach adopted i n  the study is a two stage one: 

at the fi rst stage the main determinants of the long-ru n  demand fo r money are 

examined; and i n  the second stage we conce ntrate o n  specifying the dynamic structu re .  

Model l ing the demand for  money has rece ived co nsiderable attent ion over many years .  

R ece nt ly a range of new approaches have been t ried. The buffe r stock m odel  has 

received considerable attent ion -see ,for example Carr and Darby ( 1 981  ) ,  Cuth bertson 

( 1 986) ,  Cuthbe rtson and Taylor  ( 1 987); the esti mation of co mplete systems has bee n  

co nsidered by Davidson ( 1 987) and Davidson and I re land ( 1 987); a Bayesian approach 

to mode l l i ng  the monetary agg regates has been  used by Lubrano ,  Pie rce and Richard 

( 1 985);and more 'convent ional '  approaches have been  adopted by Hendry and Mizon 

( 1 978 ) ,  Hendry ( 1 979) ,  Tru ndle ( 1 982) , Hendry and Ericson ( 1 983) ,  Joh nsto n  ( 1 984) ,  

Artis and Lewis ( 1 984) and Patterson ( 1 987) .  Despite the fact that many of t hese 

studies claim to offe r structural ly stable demand fu nctio ns, subsequent studies ofte n 

proceed by de monstrat ing the inadequacies of the i r  predecessor. Indeed the whole 

area. of monetary model l i ng may be characterised as one of structu ral breakdown. 

This comes as no su rprise to economists actual ly working in the monetary sector  where 

the anecdotal orthodoxy is that general i n novat ions i n  cash management and the  

f inancial sector general ly preclude the  possibi l ity o f  a stable money  demand fu nctio n of 

the si mple text book form . 

We make use of the coi nteg ration tools provided by Eng le  and G ranger  ( 1 987) and 

Johansen ( 1 988) , and i l lustrated by Hal l ( 1 986) and Hal l  ( 1 988) ,  to approach the  

questio n  of model l ing the  monetary agg regates from a new perspective. This 
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p rocedu re e n ables us to concentrate at the first stage on testing that the set of 

exp lanatory variables used are sufficie nt to adequately model the series. When th is 

p rocedu re is used o n  a simple demand for money equation  for each of the  agg regates, 

which has on ly  real income,  p rices and an interest rate as explanatory variables, the 

inability of t his l imited set of variables to capture the major movements in the series 

becomes t ransparent .  Attempting to model the dynamics at th is stage may mere ly 

serve to obscu re th is basic prob lem.  I f  a valid dynamic model  of money demand , of any 

form including an e rror correction model o r  a forward looki ng  buffer stock mode l ,  is to 

e xist it must contain a set  of variables which satisfy the tests of cointeg ration  which are 

appl ied at the  first stage .  If this is not the case then the model wi l l  be subject to the 

G ranger  and Newbold ( 1 974) spurious reg ression p roblem and we would  not expect it 

to be structu ra l ly  stable. So p re l i minary test for cointegration may ru le out many 

m odels as inadmissable .  

The re are a n umber  of practical difficul ties with the approach we wil l use, which is 

based on the E ng le  and G ranger two step estimation procedure. The wel l  known 

p rob lem of smal l  sample bias h igh l ighted by Banerjee et a l  ( 1 986) is one  such problem.  

A nother  and perhaps a more serious problem in  our  view is the prob lem of multip le 

cointegrat i ng  vecto rs .  In ge neral if we are conside ring N non-statio nary variables there 

m ay ex ist any1hing up to N - 1  distinct cointeg rat ing vectors .  So, in any1hing more 

co m plex than  a two variable case we can not know that we are dealing with a un ique 

cointeg rating vector and using OLS to estimate a cointegrat ing vector may simply 

p roduce a complex l inear combination of a l l  the distinct coi nteg rati ng  vectors which 

exist in the  syste m.  If t his happens we can not interpret the resu lting equation in any 

meaningfu l economic way. Johansen ( 1988) has offered a sol ut ion  to both these 

prob lems by providing a maximum l ikelihood estimation tech nique for al l  the distinct 

cointeg rating vectors which exist amongst a set of variables. This techn ique , t he refore ,  

p rovides n u me rical co nfirmation of the OLS estimates as  wel l as  checking o n  the  

n u m be r  of othe r  cointegrating vectors which may exist . The maxim u m  l ikelihood 

p rocedu re is discussed in an  appendix to th is paper. As the tech nique is stil l rel atively 

new we wil l re l y  main l y  o n  the conventional OLS procedu res and use the new one as a 

test of the  p roperties of the o ld one .  
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Below we consider the monetary agg regates MO, M1 , M3 and M4. We model each of 

the agg regates in turn fol lowing a s imi lar procedure for each . First we e xamine the 

possib i l ity of form ing a coi ntegrati ng regression  for the aggregate us ing o n ly t he  p rice 

l evel ,  real i ncome and an i nterest rate as explanatory variables. For a l l  the  aggregates 

th is fai ls to provide a coi nteg rat ing vector. This o rig i nal set of variables is then  

augmented by  a wealth term and by  variables capturi ng  f inancial i n novatio n .  l t  is 

shown that th is  large r  set of variables is capable of providing a cointeg rati n g  set for 

each of the aggregates. Dynamic equations are also p rovided for each agg regate. 

This pape r has the fol lowi ng plan.  Sect ion 2 discusses the approach of coi nteg rat ion 

and defi nes the t ime series prope rties of the data to be used in subsequent sectors .  

Then each of  the monetary agg regates, MO,  M1 , M3, and M4,  are tested and examined 

i n  i ndividual sect ions (sect ions 3-6, respectively) .  The f inal sectio n makes i nte r

aggregate comparisons and draws some general co nclusions. 

2 Cointegration and Long- Run Properties 

The concept of coi ntegrat ion, first proposed i n  G ranger and Weiss (1 983) and exte nded 

i n  E ng le  and G ranger (1 987), is a fu ndamental one to the use of the ECM fo rmu lat ion .  

I n  particular, the  G ranger Representation theorem establ ishes that fo r  a val id E C M  to  

exist the  set o f  variables must cointeg rate and i f  the  variables do co i ntegrate t hen  a 

val id ECM form of the data must exist .  The importance of th is resul t  to ge nera l  

est imat ion p rocedures is  that i f  an ECM model is  est imated for  a set of vari ables which 

do not coi ntegrate then th is reg ression wi l l  be subject to a l l  the  wel l  known p rob lems of 

'spu rious' reg ression out l i ned i n  Granger and Newbold (1 974) .  This suggests t hat tests 

for coi nteg rat ion be a necessary component of est imat ion exercises co nducted with 

ECM models .  Further, the 'super  convergence' proof due to Stock (1 985) and 

general ised by Ph i l l i ps and Du rlauf (1 986) and Park and Phil l ips (1 986)  suggests that 

very precise esti mates of the levels terms can be obtained i n  the coi ntegrati n g 



reg ress ion  (al though some doubts about th is are raised by Banarjee, et a l , ( 1 986) , 

which may i n  fact be relevant here) .  

We wi l l  not  attempt to sum marise the backgrou nd theory of coi ntegratio n  here ,  as 

rece nt su rveys are provided by Hendry (1 986) and G ranger (1 986) and an appl icati on 

by Ha l l  ( 1 986 ) .  Some of the analysis wi l l  re ly  on  the maxi mum l ike l i hood approach of 

Johansen ( 1 988) which is not yet widely known and so we i nclude an appendix which 

summarises the tech nique.  Before any est imation work can prope rl y  beg i n  with i n  th is 

framework we fi rst need to establ ish the p roperties of the series we are deal i ng  with .  

Th is is  because, i n  p ri ncip le ,  i t  i s  on ly  possible  for certa in  combi nat ions of se ries to 

coi nteg rate, so if the set of series u nder considerat ion does not fal l wit h i n  th is set there 

is  s i mply no poi nt i n  proceed ing with est imat ion .  Table 2 . 1  presents the D ickey-Fu l ler 

(OF) and the Augmented Dickey-Fu l ler  (ADF) tests for the se ries we wi l l  be conside ring 

t h roughout th is  paper. The tests for i nteg rat ion of order zero ( 1 (0)] a re tests carried out 

on the level  of the variables; the tests for i ntegration of order one [1(1 )] are carried out 

on the f i rst d i ffe re nce of the variables; and the tests for i nteg rat ion of o rder two [ 1 (2)] 

a re carried o ut on  the second differences of the variables. 

4 



TABLE 2 .1: TH E TIME S ERIES PROPERTIES OF THE VA RIABLES 

Test for 1 (0 )  Test for 1 ( 1 ) 

D F  ADF(6) DF ADF(6) 

LM0( 1 ) -2 .3  -2 .4 -6.6 - 1 . 8  

LNMI (3) -0 .5  -0 .6  -8.6 -3 . 8  

LM I ( 1 ) 5 .2  2.6 -7. 1  - 1 . 7  

LM3 ( 1 ) 3. 1 0 .9  -6.1 -2 .5  

LM4 (1 ) 3 . 1 0 .9  -3 .6 -2 .6  

LG DP( 1 ) - 1 .2  - 1  . 1  - 1 1 .9 -5.4 

LPG D P( 1 ) 0 .9  -0.4 -4. 1 -2 .6 

LOCE (1 ) 0 .3  0 .4  - 1 1 .7 -3 .7 

LCPI( 1 ) 0 . 9  -0 .9 -2 .9  - 1 .7  

L TFE ( 1 ) -0 .9  -0 .6  - 1 0 .8  -4 .9 

LPTFE ( 1 ) 0 .7  -0 . 8  -2 .9 - 1 .7 

RTB( 1 ) -2.4 -2 .4 -8 .9 -5.3 

I:BSSR ( 1 ) - 1 . 6  - 1 .6  -8 .5  -4.6 

BDR( 1 ) -2.4 -2 .6 -7.9  -4.5  

CONS( 1 ) - 1 . 8  - 1 . 8  -8.2 -4 .6 

cc(2) 1 . 3 1 . 9 -4 .9 -2.4 

C DA(2) 1 1 .5 2.5 - 1 . 7  0 .5  

CAP(2) 2.7 0 . 9  -2 . 1  - 1 .9  

BSSR( 1 ) 1 3 .9  1 .8 - 1 .6 - 1 .6  

LFW( 1 ) 0 . 8  -0 .7  -278 -2.6 

LTW(4) 0 . 7  1 . 4 -6. 1  -3 . 1  

S N D(4) - 1 . 2  -2.7 -4. 6  -3 .7 

LSM(5) - 1 .58  0 .65 - 1 1 . 57 -3 .84 

( 1 ) 1 963 02 - 1 987 02 (2) 1 966 01 - 1 986 04 

(3 ) 1 975 02 - 1 987 02 (4) 1 968 01 - 1 986 04 

(5) 1 963 01 - 1 987 02 

(6) ADF uses fou rth-orde r correction 

Tests for 1(2 ) 

D F  ADF(6)  

- 1 6 .4 -5 .7 

- 1 6.8 -7.4 

- 1 9 .0  -6 . 5  

- 1 6 .0  -5 .9  

- 1 4 .0  -6 .5 

- 1 4 .6 -4 .8 

- 1 1 . 5 -5. 1 8  

- 1 2 .6  -4 .3  

5 



Defi n itio n  of variabl es 

LMO - log of MO 

LNMI - log of non- inte rest bearing M1 

LMI  - log of M 1  

LM3 - log o f  M3 

LM4 - log of M4 

LG D P - log of real g ross domestic products 

LPG D P- log of the G D P  deflator 

LQCE - log of real total consumptio n  

LC PI - l o g  o f  consumer price i ndex 

L TFE - log of total fi nal expenditu re 

LPTFE - l og of TFE deflator 

RTB - th ree-month treasu ry b i l l  r.ate 

BSSR - bu i lding society average share rate 

!:BSSR - cu mu lated i nte rest rate term defi ned i n  section 3 

B D R - cleari ng  banks' 7 day deposit rate 

CONS - 20-year co nsul  yield 

CC - n u mbe r  of credit cards issued 

DA - n u m ber  of cash dispensers in use 

LCAP - l og of the n u mber of current  accounts pe r head of the populatio n  

LFW - l og o f  financial wealth o f  the personal sector 

L TW - l og of non-fi nancial wealth of the personal sector 

LPW - log of total f inancial and non-fi nancial wealth of the personal sector 

L FTI - log of the Fi nancial Times o rdinary share i ndex 

S N D - defined in section  5. 

LSM - log of real  stock market tu rnover 

6 

The OF and ADF tests are constructed as t-tests with a non-standard d istri bution  which 

is tabu lated in D ickey and Ful ler ( 1 979). I n  broad te rms the conclus ions of Table 1 are 

that the measu res of real output (LGDP, LQCE and L TFE) and the i n te rest rate 

variables (RTB, BSSR,  BDR , CONS) a re clearly 1 (1 ) variables. The various measures 

of money (MO, M 1 , M3, M4) and prices (LPGDP, LCPI and LPTFE) a re probably 1(2) 
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variables, a lthough they are often close to the critical value of the 1( 1 )  test and so m ight 

be 1(1 ) .  This co nforms wel l  with our  theoretical priors as it suggests that money and 

prices must coi nteg rate I (2, 1 ) ,  that is money and prices are 1 (2) and combine to be 1( 1 ) , 

and then th is series can cointeg rate with the remai n ing variables ( i ncome i nterest rates 

etc) to p roduce a stationary residual process. The impl icat ion of th is  is t hat we m ight 

wel l  be able to work i n  te rms of real  money which is 1 ( 1 ) rather than nomi nal  m o ney and 

p rices. 

3 An Exercise For MO 

Ou r start ing point is to i l l ustrate the major featu res of real MO ove r the period e nd- 1 969 

to e nd- 1 986 (see F igure 3 . 1 ) .  Real MO has fal len  by about 30% ove r this period but 

t he  fall has bee n  far from un iform . There is a corresponde nce between periods fo r 

which real MO fal ls more rapidly and periods of s luggish g rowth  i n  real consu mers 

expe nditu re (see Figu re 3 .2 ) .  Thus the ratio of  MO to consu mpt ion shows a smoother  

downward t re nd than  real MO (F igure 3 .3) .  The theory o f  the t ransact ions demand for 

money suggests that t he price level t imes the square root of real e xpe nditu re may be 

the appropriate deflator; MO deflated in this way in shown in Fig u re 3 . 4 .  

This casual empi ricism leads us to  t he  wide ly held be l ief that real expe nditu re and  price 

movements cannot by themselves explain the demand for cash ove r the past 20 years .  

This assert ion can be examined by runn i ng tests of  cointeg rabi l ity o n  t he variables 

conce rned (see Table 3.1 ) 
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Table 3 . 1 : 

LCPI 

LOCE 

B SSR 

C ROW 

OF 

AOF 

R2 

Tests of Cointeg rati ng Vectors I nvolving LMO 

( 1 ) (2) (3) (4) 

0 .7  1 .00 1 .00 1 .00 

0 . 47 0.88 1 .00 0.50 

0 .007 -0 .009 -0 .039 -0 .03 1 

0 . 32 0 . 1 4  0.06 0 .06 

-2 .3  -1 .7 1 . 1 0 .79 

-2 . 1 -2 .6 1 .3 0 .87 

0.99 0 .7 1  0 . 1 2  0. 1 3  

: 8 
- � Sample 1 969 : 03 to 1 986 04 

C ROW is the coi ntegrating reg ression Ou rbin Watson statistic. 

When the s imple u n rest ricted t ransact ions demand for money equat ion is ru n (equat ion 

1 ), the u pward t rend i n  velocity is partly captu red by an u nacceptably l ow price 

e lasticity. When the price e lasticity is restricted to one,  the i nco me e last icity becom es 

u n acceptably low (equat ion 2). Whe n both the price and i ncome e lasticit ies a re 

. � restricted (equat ions 3 and 4) the equat ions fai l the coi nteg rabi l ity tests eve n  more 
'l) 

noticeabl y than the f i rst two equations. 

8 

The OLS resu lts strong ly suggest that no coi nteg rating vector exists amongst th is  set of 

variables. The Johanse n procedure produces the fol lowi ng results for th is set of 
"' 

· � variables. " 

"' E igenval ue -� 
" 

"' 
0.1 8 0 

. " 
" 

0 . 1 6  
0.05 

.,., 0 . 0007 
0 

- "'  
0/) 

Eigenvecto r 

LMO 

-30.27 
-44 .35 
1 8. 89 

-39 .22 

LCPI LOCE BSSR 

26.67 -6 . 1 4  -0 .59 
3 1 .9 1  27.83 0 .28 

-1  0 . 1 4  -22 .74 0 . 04 
27 .91  -0.53 1 . 57 
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The li kel i hood rat io test that there are at most r coi ntegrat ing vectors g ives the fol lowi ng 
results : 

r LR 5% crit ical value 

0 30 . 2  38.6 
1 1 6 . 0  23.8 
2 3 .8  12 .0 
3 0 .05 4 .2  

The l i kel i hood rat io test suggests that we are unable to reject the  hypothesis that there 

are 0 coi ntegrati ng  vectors .  So the Johansen procedu re confi rms the OLS suggest ion 

t hat co i nteg rat ion does not exist between th is set of variables.  lt i s  i nteresti ng to note 

that the e ige nvectors correspo nding to the two largest e igenvalues produce paramete r  

est imates which are s imi lar  t o  t h e  OLS results i n  col umns (1) a n d  (2) o f  Table 3 . 1 . 

3.i Financial Innovation and the Demand for Cash 

The most plausible explanat ion for the decl ine i n  the ratio of MO to nominal  consumers' 

expenditu re is fi nancial i nnovation .  Ove r  the sample period t ransact ions tech nology 

has changed considerably with the widespread i nt roduct ion of cash d ispe nsers , and 

credit cards, and a noticeable i ncrease in the n u mber  of ban k  current accou nts. 

Joh nsto n (1 984) provides a further descript ion of these changes and attempts to 

assess the i r  i mpact on narrow money hold ings.  Our next attempt to f i nd a 

co i ntegrati ng  solutio n  i nvolved the th ree in novat ion variables i ndicated above.  The 

results are reported i n  Table 3 .2 .  



1 0  

Table 3.2: Tests of Coi ntegrat ing Vectors I nvolving LMO - LCP I  - LOC E 

(5) (6) (7) (8) (9) ( 1 0 )  ( 1 1  ) 

B SSR -0.002 0 .004 0 .0 1  -0. 0 1 5 0. 01 2 -0 .0 1 5  0 . 0 1 1 

LCC 0 .08 0 .02 0 .001 -0 .28 

LCOA -0. 1 1 -0.07 -0 .25 -0 .25 

LCAPOP -0 . 78 -0 .68 -1 .02 -0 .97  

C ROW 0.64 0 .48 0.45 0 .27 0. 1 5  0 . 27 0 . 44 

OF -2. 9  -2.6 -2.4  -2.4 - 1 . 5  -2.3 -2. 45 

AOF - 1 . 96 -2. 1 -2.1  -2.2 -2.2 -2.2 -2.23 

R2 0.99 0 .99 0 .98 0.96 0.92 0 .96 0 .98 

Sample : 1 969 03 1 986 04. 

Even with these trended i n novat ion variables the equat ions fai l  the tests of 

coi ntegration .  A further problem arises because of  the log form of  the i n n ovat ion  

variables .  As these variables have low val ues at  the begi nn i ng of the sample the effect 

of a n  extra u nit implied by the l og form is large .  An alternative possib i l ity is to consider 

e ntering the i n novation variables l i nearly . 



Table 3 . 3 :  Tests of Co integrating Vectors I nvolvi ng LMO - LCPI - LQCE 

B SSR 

C C (1 o -5) 

COA(X1 o -5) 

C A  POP 

C ROW 

OF 

AOF 

R2 

(12)  (13) (14) (15) (16) ( 17) (18) 

-0 .0002 -0.015 0 .002 0 .001 -0.02 -0.05  0 . 0008 

0 .69 -3 .9 0 .19 -2 .4  

-0 .96 0 .26 0 .05 -6 .2 

-0 .02 -0.02 -0.02 -0 .02 

0 .45 0 .38 0 .40 0 .38 0.26 0 .25 0 . 38 

-0 .94 -2 . 8  -1.06 -1. 1 -2 .3 -2 .1 -1.1  

-1.13 -2 .5  -1.64 -1.6 -2 . 5  -2 .1  - 1 . 6  

0 . 98 0 . 9 3  0 .98 0 .98 0 .93 0 .89 0 .98 

11 

None  of the equatio ns passes the cointegrabi l ity tests . The equat ions that come closest 

to pass ing are ( 1 3 ),which has a perversely signed coefficient on  the cash dispense r 

variable,  and (16) .  I n  this case the Johansen procedure produces resu lts which are at 

s l ight variance with Tables 3 .2  and 3 .3 .  I f  we include al l  three i nnovation variables (as 

in equat ion 12) then the l ike l ihood ratio tests suggests that there may be u p  to fou r 

coi ntegrati n g  vectors in the data. The explanation for this discrepancy is that the 

Johansen procedure t reats a l l  the variables in a similar fashion whe reas the OLS 

procedu re n ormalises on one variable (money in this case) and so treats this variable in 

a special way. The Johansen procedu re wil l therefore reveal cointegrating  vectors 

which do not involve money whi le  the OLS procedu re is barred from this .  lt wou ld  

see m therefore that a n umber of cointeg rating vectors exist between  the innovatio n  

variab les and interest rates but none o f  these may b e  the re levant o ne fo r determining 

m o n ey.  

I f  we apply the Johansen procedu re to a case where the re is on ly  o ne in novation 

variab le  (we chose CC) then we obtain the fo l lowi ng resu lts. 



E igenva lue E igenvector 

0 .302 
0 .15 
0.023 

LMO-LCP I-LQCE CC 

-7.13 
18.17 
12.29 

-0.0004 
0 .0004 
0.0007 

BSSR 

-0 .52 
0 .72 

-0. 57 

Like l ihood rat io test that there are at most r coi nteg rat ing vectors 

r 

0 
1 
2 

LR 

36 .5 
12.3  

1.6 

5% critical value 

23 .8 
12 .0 

4.2 

12 

We can reject the hypothesis that there are no coi nteg rati ng vecto rs and the re may be 

two cointegrat ing vectors in this set (12 .3  is on  the borderl i ne ) .  The coeffic ients i m pl i ed 

by the fi rst coi ntegrat i ng vector are plausible and conform with the parameters g iven i n  

Table  3 . 3  reason ably wel l .  

O u r  i nte rpretat ion of these confl ict ing resu lts i s  that fi nancial i n novat ion i s  i ndeed a 

pro misi ng  exp lanatio n  of the movement i n  MO but that our measures of i n novat ion are 

n ot satisfactory. So i n  the next sect ion we turn to a more f lex ib le alte rnative approach. 

3.ii An Alternative Approach to Innovation 

A n  alternative approach to di rect measures of i n novat ion is to attempt to model the 

i nnovatio n  process. This approach separates two disti nct i nterest rate effects . 

( i )  For a g iven t ransact ions technology a rise (fal l )  i n  the rate will l ead to an 

i ncrease (decrease) i n  velocity. 
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(i i )  A n  i ncrease in  the rate provides an i nce ntive for cash sav ing tech nology and 

payments methods to be i ntroduced . Such changes are l ikely to be asymmetric 

and o nce implemented u n l ikely to be repeated exact ly  or reve rsed, eg the 

i ntroduct ion of cash dispensers; furthermore , such changes alte r the  

t ransactions technology and hence the likely mag nitude of responses u nder (i). 

We n ow conside r a model  of the effect described in (i i) . The money demand fu nct ion 

considered is of the  form 

LMO - LCPI - LOCE = a+ brt + lt +et 

where lt is a variable capturing the i nnovat ion process . 

The be nefits to i n novat ion considered are those which arise from a reduced need to 

ho ld  assets in the form of cash .  lt is assumed that the opportun ity cost of ho ld ing cash 

is the nomi nal  rate of i nterest A general model of the process might assume that the 

be nefits from i nnovat ing i n  any period can be proxied by an expected futu re rate of  

i nterest re. The costs of  i nt roduci ng cash saving payment methods are not expl icit ly 

modelled but are represented by a t ime vary ing constant A2(t). Note that the gai ns to 

i nn ovat ion wi l l  be positive i f  (rT - A2 (t)] is positive; if this term is less than or equal to 

zero we assume that no i nnovat ion takes place. A possible funct ional form re lat i ng  the 

rate of i ntroduct ion of cash savi ngs payments methods to the expected rate of i nte rest 

might be : 

Th is impl ies that u n less the expected i nterest rate is above a ce rtai n mi n imum level no 

i nnovat ion takes p lace. This would suggest using a term of the form: 



Or a l lowi ng for the possibi l ity of other non-linearities i n  the response. 

where A3  and A4 allow for possible non l i nearit ies. 

A part icu larly s imple form which assumes the function is l i near (A3 = A4 = 

O),that t he  cost of in novat ion is constant (A2(t) = A2), that the  expected rate 

may be prox ied by the actual rate, and that over the sample period the rate 

has always exceeded A2 is 

t 
I = A L t 1 s=O 

r 
s 

Table 3 . 4  uses th is restricted equation as the innovation variable .  

Table 3.4: Tests of Cointegrating Vectors Involving LMO - LCPI - LOCE 

BSSR 

!:BSSR 

Time 

C ROW 

OF 

AOF 

R2 

( 1 9 ) 

-0.001 2 

-0. 001 3 

0.67 

-3 .8  

-2 .9  

0.99 

(20) 

0. 001 2 

-0. 0008 

-0.004 

0.73 

-3 .8 

-2.9 

0.99 

(21 ) 

-0.001 3 

0.65 

-3. 7  

-2. 8 

0.99 

Not ing  t hat i n  th is case, because the addit ional lags in the AOF test statistic were not 

s ign if icant, the sample OF statistic is relevant hence these results i ndicate that the 

s imple form of i nnovation variable provides a coi ntegrati ng vector with the log of t he  

ratio o f  MO to  nomi nal  consumers' expenditure .  We have estimated equat ions us i ng  

1 4  



1 5  

forms of t he  i n n ovat ion variable (A4 , A3 ,t 0) but so far th is shows litt le  improvement o n  

equat ion (2 1 ). 

I f  we apply the  Johansen procedure to the two variables LMO-LCPI-LQCE and BSSR 

we get the fo l lowi ng resu lt .  

E igenvalue  

0. 1 6  
0.01 7 

E igenvector 

LMO-LCP I-LQCE 

58. 26 
-20.28 

:EBSSR 

0. 0769 
-0.037 

Test that there are at most r cointegration vectors 

r 

0 
1 

LR test 

1 3 . 3  
1 . 1 4  

5% critical value 

1 2 .0  
4 .2  

Th is ,  t he n ,  also suggests that a coi nteg rating vector exists and further i f  we  no rmalise 

the  fi rst e ige nvector on money we get a coefficient of -0.001 3 o n  BSSR which is 

ide ntical to the OLS estimate i n  (2 1 ). 

G iven  the ag reeme nt between the OLS resu lts and the Johansen resu lts we wi l l  

p roceed to est imate a dynamic model based o n  equation (2 1 ) .  At t h is second stage 

the  depe ndent vari able used is the difference of the log of MO, the explanatory variables 

are past changes i n  t he log of consumers' expe nditure and the consumer  p ri ce deflator 

together with the leve l  of the i nterest rate .  The lagged residuals from the coi ntegrat ing 

equat ion (RE St_1 ) are entered i nto the dynamic equat ion and shou ld appear with a 

negative s ig n .  In it ia l  parameter est imates suggested a restrict ion betwee n  the 

coeffic ie nts o n  the  lagged residuals and changes in  the  exogenous variables; hence, 

the equatio n  below contai ns a term of the form (MO� - MOt_1 ) where MO� is the long-run 

equ i l ibri um level  of MOt suggested by the cointeg rati ng equation .  Fol l owin g  a 

convent iona l  genera l  to specific search methodology we arrive at the  fol lowi ng dynamic 

equat ion for MO. 
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TEST STATISTICS FOR RECURSIVE ESTIMATibN OF THE DYNAMIC 

MO EQUATION 

FIGURE 3.9: SE QUE N T I A L 0 NE PE A I 0 D CH 0 W TEST 

1980 1 9 8 1 1982 1983 1984 1985 1986 

0 0  F I GU RE3. 10 : CUSUMSQ STAT IST IC 
1 . �--------------------------------------------------� 

1980 1 9 8 1 1982 1983 1984 1985 1986 



.6LMO 0. 01 + 0. 3 9  .6LMO + 0. 3 06 6LCPI 
(4. 4) ( 4 . 1 )  

t - 1 t-1 
( 2 .  2 )  

A 

+ 0.1 8 ( MO - MO 
t-1

) + 0. 05 DUM71 1 
( 3. 1 )  

t 
( 6. 1) 

(DUM71 1 is a dummy variable for decimalisat ion) 

o = 0.01 0 DW = 2.3 ARCH(1 ) = 0.09 

LM (1 ) = 1 .86 

LB(1 ) = 1 .52 

RESET(4) = 7 .0  

FORC(8) = 4 .9  

LM(2) = 3 .90 

LB(2) = 3.75 

BJ (2) = 1 .7 

FORC(1 2) = 4.8 

Sample 1 967 01 to 1 986 04 

LM(4) = 4 .6  

LB(4) = 4.4 

FORC(24) = 1 6 .7 

LM(8) = 9.3 

LB(8) = 1 2 . 9  

1 6  

The model ,  a lthough simple, passes a wide range of diagnostic tests of its e rror 

process, funct ional  form and stabi l ity. Given the notorious structural  i nstabi l ity of 

money equat ions we felt we should i nvestigate the structural stabi l ity of th is equat ion 

more methodical ly  than is al lowed by the simple forecast ing test . We therefo re 

performed recursive estimation ove r the period 1 979 01 to 1 986 04 and the resu lt i ng  

paramete r  estimates are presented in Figures 3.5 to 3 .8. I n  a l l  cases the paramete rs 

are remarkably stable and never move outside this standard error  band. A sequential 

one period ahead Chow test also never reaches the f ive percent crit ical value  at any 

po in t  over  th is  period .  

4 A Cointegration Exercise for M1 

I n  th is  sect ion we beg in  by examin ing the textbook model of mo ney demand, involvi ng  

M 1 , income, interest rates and prices to  see whether these variables cointeg rate .  As 

the latent mappi ng between  the conceptual model and the statistical mode l  is  

unspecified, we wi l l  consider a number of  alternative defi n it ions of  both i ncome and 

prices to g uard against the possibi l ity that our results are dependent o n  part icu lar  data 

defi n i t ions .  As measures of real output we wi l l  use real G D P  (ge neral ly  used in U S  

studies o f  money demand eg Baba, Hendry and Starr (1 982)), real  total final  
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expenditu re TFE (general ly used i n  UK studies eg Hendry (1 979)) and real 

consumptio n .  As measures of prices we will use the three corresponding price 

def lato rs. 

1 7  

Table 4 .1  presents estimates of the parameters and test statistics for a set of possible 

coi ntegrat ing equat ions .  The parameter estimates are quite sensible; in the fi nal t h ree 

equat ions i nvolving  prices i ncome and i nterest rates, the price e lasticity var ies betwee n  

0.9 1  and 1.04, the i ncome elasticity varies between 0.8 1  and 1 .58 and t h e  i nte rest rate 

effect is -0. 03. Howeve r, it is clear from the AOF stat ist ics that none of these equations 

represents a cointegrating set of variables. So we can immediately ru le out any simple 

model which impl ies a long-ru n relationship between M 1 , income, p rices and i nterest 

rates o nly. This set does not coi ntegrate and so we would not expect any dynamic 

equation based solely on th is set to be stable .  This then co nfi rms the anecdotal view 

that i n novat ion over the past twe nty years has been crucial i n  the determi nat ion of 

mo ney demand. 

TABLE 4.1: TESTS OF COINTEGRATING VECTO RS INVOLVING M1 

(22) (23)  (24) (25) (26) (27) (28) (29)  (30)  

LPGOP 0.96 0.84 0.88 

LPTFE 0.96 0. 81 0 . 84 

LCP I 0.99 0.69 0. 74 

LGOP 0.62 0. 85 

LTFE 0.70 0.9 1  

LOCE 1 .5 1.6 

RTB -0.02 -0.03 -0. 02 

CROW 0.05 0.05 0.05 0.05 0.05 0.08 0. 1 5  0. 1 4  0. 22 

OF 2 .5  2 .7  2 .8  1.2 1.8 0.15 -0.5 -0. 5 -1.6 

AOF -0. 5 -0.4 -0.2  -0 .05 0.08 -0. 03 -0.7 -0. 7 -0.9 

R2 0.97 0. 97 0. 97 0. 97 0.97 0.98 0.98  0.98  0.99 

Sample 1966 01 to 1986 04 
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A n u m be r  of studies have attempted to i ncorporate measu res of f inancial i nnovat ion .  

Johnston ( 1  984) used data o n  the n u mber of cash dispensing machines, the number of 

credit cards and the n u mber of cu rrent accounts per head of the populat ion i n  his study 

for the U K .  Baba, He ndry and Starr ( 1  982), when studyi ng US money demand 

fu nct ions,  use d i rect data on the i nterest rates on new types of i nterest beari ng  

accou nts in  M2.  We wi l l  begin i nvest igat ing the fi nancial i n novat ion story by i nc luding a 

ran ge of  variables used by Johnston and the cu mu lated i nterest rate effect used i n  the 

l ast sect ion .  

This i s  done i n  the fi rst 4 co l umns o f  Table  4.2, where CC, LCDA, LCAP and BSSR are 

added to the basic money demand fu nct ion which was conside red i n  Table 4.1 . We 

n ow o n ly consider the use of L TFE and LPTFE; this choice is rather arbit rary as the 

data is not real ly able to choose between the various measu res of output and prices. 

H oweve r, none of the subsequent resu lts are sensitive to this choice. Three of the fou r  

reg ressio ns reported then  pass the coi nteg rat ion tests once the i n novat ion variables are 

i nc luded. However, we would sti l l  reject these as suitable coi nteg rati ng vectors as the 

p rice e last icity has an i mplausibly low coefficient. If we i mpose a u n it coefficient on the 

price effect (col u m ns 5-8) the n coi ntegration  may be rejected i n  two of the three cases. 

In the remai n i ng case, whe n CC is used, the i ncome e lasticity is on ly  0 .0 1  and agai n we 

regard this result  as i mp lausib le .  

I f  we co nside r the t ime series of real M1 , shown in figure 4.1 , we can qu ickly gain on 

i ns ight i nto the nature of the problem .  Real  M1 is v i rtual ly constant from 1 963- 1 982, 

with no d iscern ib le trend .  This pattern changes sharply in 1 982 and a rapid g rowth i n  

real  M 1  begi ns. N o n e  o f  the explanatory variables i n  Table 4.2 exhibit this type of 

behaviour  a nd so i t  seems l ikely that some othe r i mportant effect is m issi ng .  The early 

1 980s saw two important developments with regard to the behaviour  of M 1 . F i rst, the 

rem oval of the 'corset' i n  1 98 1  had a general effect o n  the monetary sector and,  

second, the ear ly  1 980s saw the wide scale i ntroduction  of i nterest-bearing  cheque 

accou nts. Du ri ng  the 1 970s l ess than 1 0% of M1 was i nterest beari ng ,  with the rapid 
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g rowth of the fi nancial sector and with the i ntroduction of the new accounts i n  the ear ly 

1 980s this proport ion rose rapidly so that by the end of 1 982 almost 30% of M1 was 

i nterest beari ng  and by the middle of 1 987 65% was i nte rest beari ng .  A reasonable 

i nte rpretat ion the refore is that large amounts of this new M1 would actual ly rep resent a 

g rowth i n  the real M1  stock which was due, almost solely to the g rowth i n  the new 

i nterest bearing  e lement. 

TABLE 4.2: TESTING TH E EFFECT OF INNOVATION 

Dependent LM I 

Variables (3 1 ) 

LTFE 0 .70 

LPTFE 0.55 

RTB -0.008 

CC(1 o -5) 3 .2  

LCDA 

LCAP 

C ROW 0.39 

OF -2.4 

ADF -2 .1  

R2 0.99 

(32) 

1.7 

0.76 

-0.02 

-0.05 

0 .20 

- 1 .2 

-0.5 

0.98 

LM1 -LPTFE 

(33) (34) (35) 

0 .2  -0 .5 1 .4 

0 . 1  

-0.02 -0.02 -0.03 

1 .5 

-0. 1 3  

2 . 1  

0. 1 5  0. 1 7  0 .21  

-2.4 -0.7 - 1 . 3  

-2 .7 - 1 .9 -0.9 

0.99 0.36 0.32 

(36) 

1 .2 

-0.02 

-0 .5  

0.1 5 

-0.4 

-0 .9  

0 . 32 



TABLE 4.3 A COINTEGRATING VECTOR FOR M1 

D E P E N D E NT 

VARIABLE 

CONSTANT 

LTFE 

LPTFE 

CONS 

I:BSSR 

LM/N 

C ROW 

OF 

ADF 

R2 

LM 1 

(37) 

-2 .9  

0.88 

0.78 

-0.02 

-0.003 

0.98 

0. 76 

-4 . 4  

-3 . 8  

0.99 

LM 1 -

LPTFE 

(38) 

-4.9 

1 .005 

-0.02 

-0.001 

1 .2 

0. 71  

-4 .4 

3 .5  

0.92 

LM 1 -LPTFE 

-LTFE 

(39) 

-4 . 8  

-0.02 

-0.001 

1 .2 

0.76 

-4 .4 

-3 .5 

0.98 

LM 1 -LPTFE 

-LM/N -LTFE 

(40) 

-4 . 8  

-0.03 

-0. 001 

0.74 

-4 .2  

-3 . 2  

0.98 

20 

I n  o rder  to re move these effects we i nclude a variab le LM/N = LOG (M1  /N I BM 1 ) which 

shows the risi ng  proportion of i nterest-bearing  M1 . At this stage we make no attempt 

to  model the i nt roduct ion of i nterest-beari ng  M1  accou nts by economic variables. This 

is part ly  because the data period of the growth of these deposits is st i l l  quite short, 

about 5 years ,  and part ly because data such as the n u m be r  of high i nterest accou nts is 

n ot avai lable. 

Table 4 .3  the n considers the possib i l ity of a coi ntegrati ng  vector exist ing betwee n  this 

fu l l  set of variables. The fi rst colum n  i n  4 . 3  performs a complete ly u n restricted 

est imate of the cointegrat ing vector. The tests for coi nteg ratio n  are a l l  passed and the 

paramete r values are reasonable; howeve r, the price elasticity is a l it t le low at 0 .9 .  The 

n ext three col u m ns restrict one coefficient at a t ime and test for coi nteg rat ion .  With this 

fu l l  set of variables i m posing price homogeneity does not cause a breakdown of 

co in tegratio n  nor does the i nco me e lasticity become implausib le ,  as was the case i n  
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Table 4 .2 .  The remain i ng columns o f  4.3 restrict the coi nteg rat ing vector t o  have a u n it 

e ffect fro m LM/N and L TFF; neither restrict ion preve nts cointegration  nor  does it 

substantia l ly  alter the remai n ing parameters. 

We now proceed to verify these resu lts using the Johansen  procedure .  I f  we apply the 

techn ique to the fu l l  set of un restricted variables the conclusion is that there are four  

coi ntegrat i ng  vectors within the set o f  variables. We wi l l  not prese nt the fu l l  matri x  

he re, but  one of the four is  ve ry s imi lar to  our fi nal rest ricted equation  havi ng a near u nit 

coefficie nt o n  LPTFE, L TFE and LM/N . We therefore repeated the Johansen 

procedu re usi ng  the restricted variable in  equation 40. This produced the fo l lowi ng 

resu lts. 

E igenvalue E igenvector 

LM I -LPTFE CON S !:BSSR 
-LM/N-LTFE 

0.202 2 1 .7 0 .01 3 0 .034 
0.1 7 35.9 0 .046 1 . 38 
0 . 03 1 6 .3 0.023 -0 .01 

Like l ihood rat io test of maximum of r coi nteg rat ing vectors 

r 

0 
1 
2 

LR 

37.5 
1 8. 6  

2.9 

5% crit ical value 

23.8 
1 2.0 

4 .2 

In this case we can reject the hypothesis that there is on ly one cointeg rati ng vector 

(r=1 ) i n  favou r  of two cointegrating vectors .  In fact the second vector (associated with 

the e igenvalue 0. 1 7) is v i rtual ly identical to that est imated in equati on 40 table 4 .3 ,  and 

so we wi l l  use this equation as our coi ntegrati ng vector for M 1 .  

H avin g  now achieved a suitable cointegrat ing model of the long-ru n  dete rminat ion of 

M 1  we may then use the residuals from this equat ion to bui ld a dynamic model. We 

proceed along a conve nt ional path of specifying a high orde r dynamic m odel and 

nesti n g  down from this general  model to a parsimonious representat ion  of  the data. 



This shou ld then produce a structural ly stable, satisfactory model  for M 1 . 

Fo l lowing this procedure produces the mode l .  

f1LMI = 0.01 + 0.14 f1LMI + 0.3 9  f1LMI 
2 

( 3 .7) ( 1.6) 
t-1 

( 4.3 ) 
t-

-0.3 f1LTFE + 0.3 6 f1LM/N 

( 2 .7) ( 2 .4) 

+ 0.3 6 (f1LPTFE 
2 

- f1LPTFE ) 

( 2 .0)  
t- t-4 

- 0.004 (f1CONS + f1CONS ) 

( 2 .4) 
t-1 

- 0.2 0 RES 
t-1 

( 3 .  5) 

( R E S - Residuals from cointegrat ing reg ression,  Table  4 . 3  col u m n  4)  

a= 0 .0 1 57 R2 = 0 .50 DW = 1 .98  

ARCH= 0 .005 RESET(4) = 1 .2 BJ(2) = 7 .6  

LM ( 1 )  = 0 . 04 LM(4) = 0 .7  LM(8) = 8 . 1  

LB (1) = 0 .0  LB(4) = 3.0 LB(8) = 7 .8 

C H  I SO( 8 )  = 1 0. 8  C H I S0(1 2)  = 10 . 6  C H IS0(24) = 22 . 8  
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The Model  passes a wide range of diagnostics, the ARCH statistic is close to the 5% 

cut-off reg ion ,  and e asi ly passes the Hendry forecast test . The recu rsive residuals are 

reasonably random and the model  easi ly passes the CUSU MSO test over the period 

1979 01 - 1986 04. Over  this period the cumu lated sum of residuals (CU SUM) is on ly  

-4 .7  afte r  24 quarters, and a recursive o ne period ahead Chow test reaches its 5% 

crit ical va lue on l y  o nce. The recursive parameter estimates are all highly stable .  The 

o n e  fai l u re i n  the sequent ia l  Chow test occurs i n  the third quarte r of 1986, this see ms to 

be  due to a marked distortion  of the money figu res possib ly caused by the flotat ion of 

the t ru stee savi ngs bank.  



TEST STATISTICS FOR RECURSIVE ESTIMATION OF THE DYNAMIC 
M1 EQUATION 

FIGURE 4.2: SE a U ENT I A L 0 NE PE A I 0 D CH 0 W TEST 

1980 1 9 8 1 1982 1983 

FIGURE 4.3 : C US U MS a S TAT IS TIC 

1980 1 9 8 1 1982 1983 

1984 

1984 

1985 1986 

1985 1986 
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By usi ng  the variable LM/N i n  the coi nteg rat ing regressio n  we are clearly not offe ring  an 

explanat ion of the sharp rise of i nterest bearing M1 . We are however isolat i ng  this 

i mportant e ffect and demonstrat ing that coi ntegrat ion is not possib le i f  we ignore the 

effect. In order  to generate some rat ionale for the movement in th is  variable we wi ll 

now prese nt a coi ntegrati ng  vector fo r LM/N itself . 

Be low we use th ree additio nal  variables to capture this g rowth of i nterest beari ng  M 1 . 

The  f i rst is a d u m my variable reflecti ng the i nt roduct ion of the  new monetary contro l  

arrangements i n  August 1 98 1 . The second, captu res the sharp i ncrease i n  the size 

and  tu rn over of the fi nancial sector. In addit ion a further effect may come from 

changes i n  the  wealth  to  i ncome ratio so  that i ncreased wealth might cause h igher  

ho ld ings of i nte rest-beari ng  M 1 . 

A su itable coi nteg rating reg ression  for LM/N is 

LM/N = 2 .7  + 0 . 76 (LFW - L TFE) + 0.04 LSM - 0.04 OUM81 + 0 .003 BOR 

C ROW= 0 . 87 OF= -3 .5  AOF = -3 .5  R2 = 0.90 

Where OUM8 1 is a dummy which captures the i ntroduct ion of the  new monetary control 

arrangeme nts in August 1 98 1 . 

C lear ly m ost of the  work is being  done by the wealth to expenditure ratio, stock market 

tu rnover has o n ly a smal l  effect but it must be remembered that a large part of the  

change in  personal wealth is due to chang ing  stock market prices. The dummy 

variable a lso captures a range of i n novat ion effects which have appeared s ince 1 98 1 . 

We also f i nd  a n  i m porta nt effect from the own rate of i nterest . 



5 A Model of M4 
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We now carry out a s imi lar procedure for the broade r aggregates M4 and M3, again 

consideri ng  fi rst the cointegrating properties of a s imple money demand equati on .  We 

begi n with the broader of the aggregates M4. The s imple text book model  is co nside red 

i n  Table 5 . 1 for M4 . 

TABLE 5.1: TESTING TH E SIMPLE MODEL OF M4 

Dependent variable LM4 
(41 ) (42) (43) 

LPG D P  0. 81 9 
LPTFE 0. 807 
LCP I  0 .80 
LG DP 2 .61 3 
LTFE 2.27 
LQCE 2.43 
RTB -0 .01 1 -0.0081 -0 .005 

C ROW 0 .25 0 .34 0 .665 
OF -2 . 1 1 -2 . 4  -3 .9 
ADF - 1 . 46 - 1 .3  -2 .6  
R2 0 .992 0 .991  0.997 

The ratio of M4 to nomi nal income is shown i n  F igure 5 . 1 .  As one might expect the 

s i mple set  of variables considered i n  Table 5 . 1 do not  provide a coi nteg rat ing set. 

Descript ions of the moveme nts in broad money ove r this period have focussed o n  

various forms o f  fi nancial i n novation as explanations; they have also stressed the 

i mportance of the sectoral composition of money hold ing (see, for example Bank of 

E ng land ( 1 986) ) .  I n  this paper we do not attempt to model the sectoral  co mposit ion; 

howeve r, even at the aggregate level we are able to f ind convi nci ng  evidence of the 

impo rtance of fi nancial i nnovat ion.  

The fi rst i mportant omission i n  our i n it ial set of explanato ry variables is that none of 

these variables captu res the sign ificant changes in wealth both fi nancial and tang ib le 

that have occu rred over the sample period. The role of wealth i n  many key macro 

eco nomic re lat ionships is at present receivi ng renewed atte ntion .  Although wealth 
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might be thought the crucial scal i ng variable if the demand for money is seen as part of 

a wider  portfo l io decision,  many demand for money equations have omitted such a 

variable (for an  except ion see Grice and Bennett ( 1 984) ) .  Wealth plays a crucial role i n  

determ in i ng  the demand for money in  the equations below, this i s  particu larly importa nt 

i n  explai n i ng  developments since 1 980 when both wealth and broad money have g rown 

rapid ly .  The wealth variable we wil l  use is personal sector g ross wealth both f inancial 

and tang ib le ,  the latte r main ly reflects the value of the owner-occupied housing stock. 

A second variable added to our in it ial l ist is in flat ion .  A number  of studies have found a 

s ign i ficant i mpact o n  money holdings of i nflation,  for an example and fu rthe r refere nces 

on this see Taylor ( 1 987). This effect could be due to a n umber of i nf luences i ncludi ng 

the tendency for nominal rates not to move i n  l ine with expected in flat ion .  In part, i t  

cou ld  ref lect front-end loading which occurred i n  debt markets duri ng  periods of high 

i nf lat ion and high nominal i nterest rates. During such pe riods the real value of  debt fell 

noticeably and the constrai nts associated with front-end loading could have resu lted i n  

consumers ru n ning  down l iquid assets t o  mai ntain consu mpt ion levels. 

Variables reflect ing rates of retu rn on assets were found to be u ni mportant with one 

exception .  A two year movi ng average of the quarterly change i n  the log of stock 

market prices was used as a proxy for expected capital gai ns. Although this term 

proved to be u n important, a moving average of the fal ls i n  the i ndex proved to be usefu l 

i n  capt u ri ng  the movements i n  money holdi ngs, help ing,  i n  particu lar, to capture 

movements i n  l iqu id asset holdi ngs fol lowi ng the l arge fal l  i n  the stock market i ndex i n  

the early 1970s. 

lt is perhaps worth commenti ng further on  the fai l u re to identify sig n if icant i nte rest rate 

effects. To the exte nt that the i nterest rate differentials that enter are the mselves 

stat ionary we should not expect them to e nter the cointegrat ing reg ressi on .  lt is, 

however, a l itt le more su rprisi ng that no such effects were found in the dynamic 

equat ions at the second stage. This may be a reflect ion of problems of measuri ng  



appropriate own and co mpeti ng  rates for a period of f inancial i nnovation .  lt may also 

reflect t he  fact that diffe re nt rates are appropriate for d i ffe rent sectors of the econo my, 

and a disagg regated approach may be able to identify i nterest rate effects. 
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The f i n al variable added to the set was a dummy variable to capture the i ntroduct ion of 

competit ion  and credit contro l .  With these addit ions it proved st raig htforward to form a 

coi ntegrat i ng  vector. 

Table 5.2: A Cointegrating Vector for M4 

Depe ndent 
variables 

LPG D P  

LG DP 

f14LPG DP 

LPW-LG D P-LPG DP 

SND 

DCCC 

C ROW 

D F  

ADF 

R2 

LM4 

(44) 

0 .99 

1 .07 

-0 . 7 1  

0 .7 1  

-0 .20 

0 .09 

1 .30 

-6.00 

-5. 1 

0 .99 

LM4-LPG DP 

(45) 

1 .05 

-0 .7 1  

0 .7 1  

-0.20 

0.09 

1 .30 

-6 .00 

-5. 1 

0 .99 

Sample  period 1 968 01 to 1 987 02 where 

PW is persona l  sector real and fi nancial wealth 

LM4-LPGD P-LG D P  

(46) 

-0 .7 1  

0 .72 

-0 .20 

0 . 1 0  

1 .30 

-6 .00 

-5 .0  

0 .96 

LFTI is t he  log Fi nancial  Times ord inary share i ndex and 

N D  = min (l1LFTI:O) 



7 
S N D  = I: N D (t- i )  

i=O 

DCCC has the value 0 prior to 1971 04 and 1 thereafter .  

These results provide a plausible cointegrat ing vector for M4 . The paramete r values 

show on ly  minor variat ion as the restrict ion of unit e lasticity are appl i ed .  The demand 

for M4 has a long-run i ncome elast icity of  0 .28 and a wealth e lasticity of 0 .72 .  The 

i nf lat io n  effect p lays a powerful role  with an i ncrease of 1 percentage point i n  the 

i nf lat ion  rate leading to a reduction in desired money holdings of 0. 7%. The stock 

market term impl ies that if fal ls i n  the i ndex over the previous two years amounted to 

1% then money holdi ngs would be 0 .2% larger than if no fal ls in the i ndex had 

occurred . 
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We now verify that this is i ndeed a cointeg rating vector, as wel l  as conside ring its 

u n iqueness by applyi ng the Johansen procedure to this set of variables .  The final 

equation in Table 5.2 contai ns five variables, the Johansen procedure suggested that 

the re may exist two cointeg rat ing vectors but that there is unl i kely to be more than two . 

The test statist ics are : 

r LR 5% critical value 

0 78. 9  57.2 

1 42 . 1  38.6 

2 17.7  23.8 

3 7 .3  12.0 

4 1. 14 4 .2 

The E igenvalues and Eigenvectors corresponding with the two s ign ificant test statist ics 

a re :  



T E ST S TAT I S T ICS FOR RECURSIVE EST IMAT ION OF THE DYNAMIC 
M4 EQUAT ION 

1 . O D  

F I G U R E 5. 2 : S E C U E N T I A L O N E  P E R I O D C H O W  T E S T 

1 9 8 0  1 9 8 1 1 9 8 2  1 9 8 3  1 9 8 4  

1 9 8 0  

F I G U R E  5 .3 : C U S  U Y S 0 S T A T I S  T I C  

1 9 8 1  1 9 8 2  1 9 8 3  1 9 8 4  

1 9 8 5  

1 9 8 5  

1 9 8 6  

1 9 8 6  



E igenvalue 

0 .39 1 

0 .28 1  

E igenvector 

LM4V f14LPCDP LPW-LG DP-LPG DP SND 

4.82 

-92 .5 

25.6 

-80.33 

-4.05 

66.68 

- 1 . 53 

1 1 .03 

DCCC 

-2 .23 

1 0. 1 3  
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I n  th is case the eigenvector corresponding to the second eige nvalue is a lmost identical 

to the OLS results give n in Table 5 .2 .  The eigenvector correspondi ng to the largest 

e igenvalue is qu ite i mplausible as a causal re lati onship for M4 and given the l arge 

coeff icient o n  i nflation it seems l ikely that this coi ntegrat ing vector is actually 

determ in i ng  i nflation .  So this procedure agai n fi nds a set of resu lts which broad ly  

support our  OLS fi ndings . 

We now proceed to a dynamic model for M4 which is based o n  the fi na l  coi nteg rat ing 

reg ression given i n  Table 5 .2 .  Once again we proceed along a co nve ntional path of  

general to specific modelli ng, beginn ing with an error correction model  contai n i ng fou r 

l ags i n  the  differe nces of all the variables. The final parsimonious model is give n 

below. 

f1LM4 = 0 . 0 1 6 + 0 . 5 1 2 f1LM4 1 - 0 . 1 5 RES 1 
( 4 . 8 ) ( 5 . 2 ) t - ( 2 . 4 )  t -

(RES - residuals f rom the cointeg rating reg ression i n  Table 5 .2 col u m n  3 )  

(Data period 1 969, 1 - 1 987,2) 

0 = 0 . 0096 R2 
= 0.30 DW = 1 .98 

ARCH( 1 )  = 0 .27 RESET(4) = 6.5 BJ (2) = 0 .32 

LM( 1 ) = 0 .57 LM(4) = 1 0 .8  LM(8) = 1 0 .7 

LB( 1 ) = 0. 1 2  LB(4) = 2.45 LB(8) = 3.02 

C H I SQ(8) = 6. 1 CH ISQ(1 2) = 6.4 CH ISQ(24) = 1 1 . 4 
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Recursive est imat ion over the period 1 979 01 to 1 987 02 aga in  shows these 

parameters to be ve ry stab le .  CUSUMSO statistic and a sequential one period ahead 

Chow test c learly suggest that the equat ion is stable (see Figu res 5 .2  and 5 .3 ) .  

6 A Model of M3 

We n ow repeat the exe rcise for M3 fol lowi ng much the same procedure as used for the 

othe r aggregates. We begin by examin i ng the coi nteg rati ng propert ies of the s imple 

text book model  fo r M3, i nvolvi ng i nterest rates output and prices. This is do ne i n  

Table 6 . 1 .  

Table 6.1 Testing the Simple Model of M3 

(47) (48) 

LPG D P  0 .84 

LPTFE 0 .82 

LCP I  

LG D P  1 . 5 

LTFE 1 . 4 

LOC E 

RTB -0 .005 -0. 002 

C ROW 0 . 1 3  0 . 1 6  

D F  - 1 . 3  - 1 . 5  

A D F  - 1 . 9  - 1 . 8  

R2 0 .99 0.99 

Sample period 1 968 01 to 1 987 02 

(49) 

0 .74 

2 .0  

0 . 0  

0 .33 

-2 .9  

-2 .5  

0.99 

This table shows, qu ite decisively ,  that agai n this si mple set of variables do not 

constitute a cointegrat ing vector. Figu re 6. 1 shows the path of M3 re l ative to total fi nal  

expe ndi ture and it is clear from this that there have been large changes in M3 holdi ngs 

which m u st be expl ai ned by somethi ng other than nomina l  i ncome.  
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The approach we take is to base our  M3 coi ntegrat ing reg ressio n  aro u nd that used for 

M4 .  Two additions are made to al low for i nnovat ion on the part of the bu i lding 

societ ies .  The fi rst attempts to capture the effect of  the i ntroduct ion of new types of  

accou nts by the societ ies i n  1 974; the seco nd to capture a further bu rst of  i nnovat ion 

afte r  198 1 .  These changes are mode l led by al lowi ng the e last icity of the demand for 

M3 with respect to wealth to alter du ri ng these peri ods. The changes are captured not 

by a step  change in the coeff icient but by an ogive which al lows a more g radual 

adjust me nt .  

Table 6.2: A Cointegrating Vector for M3 

D ependent 
variables 

LPGD P  

LG DP 

.64LPG D P  

LPW-LG DP-LPG DP 

SND 

DCCC 

LPW74 

LPW8 1 

C ROW 

D F  

A D F  

R2 

LM3 
(50) 

0 .96 

0 .90 

-0 .74 

0 .88 

-0 .27 

0 . 94 

-0 .003 

-0 . 0 1  

1.20 

-5.80 

-5 . 1  

0 . 99 

Sample 1968 01 to 1987 02 

LM3-LPGDP 
(51 ) 

0 .9 1 

-0 .74 

0 .84 

-0 .27 

0 .08 

-0 . 0 1  

-0 .0 1  

1 . 1 0  

-5 .40 

-4 .8  

0.96 

where LPW74 = [LPW-LG DP-LPG DP) 074 

LPW81 = [LPW-LG D P-LPGD P] 081  

LM3-LPGD P-LG D P  
(52) 

-0 .74 

0 .83 

-0 .27 

0 .08 

-0 .02 

-0 . 0 1  

1 . 1 0  

-5 .40 

-4.9 

0 .95 



and 074 = 1 - exp (-0 .0 1 *tf ) 

081  = 1 - exp (-0 .0 1 *t� ) 

t 1 is a t ime trend starting i n  1 974 02 

t2 is a t ime t rend starting i n  1 98 1  04 

3 1  

The equation is very simi lar to  that for M4. The inflation effect and  the wealth effect 

are a l itt le larger. The term reflect ing falls i n  the stock market i ndex also has a larger  

e ffect than i n  the M4 equation probably reflect ing the conce ntrat ion o f  fi nancial 

i nstitut ions money holdi ngs in M3. The terms capturing i nnovat ion aro u nd 1 974 and 

1 98 1  i ndicate a loss of market share by the banks amou nti ng to 2% of perso nal sector 

wealth i n  the mid- 1 970s and a fu rther 1 %  i n  the early 1 980s. 

I f  we now apply the Johansen procedure to this set of variables we obtai n the followi ng 

resu lt .  

E igenvalue Eigenvector 

LM3-LPCDD t:ALPGDP LPW-LG DP SND OCCC LPW74 LPW81 
- LGDP -LPGDP 

0 .62 -27.6 - 1 .6 20.7  -2 .5 2 .3 - 1  . 1  0 .6  
0 .54 -35 .8 -30 .36 25. 1  - 1  . 1  1 .4 -0.6 -0 .5 
0 .39  33.0 53.7 30.5 8 .5  -2 .2  -0 .2  1 . 2 
0 .34  - 1 8 .8  -43 .9  22.6 2.9 4 . 1 -0 . 1 -0 .8  
0 .22 1 8.4  -2. 7  -43.3 0 .3  0 .9  -0 .4  1 .94 
0 .08 5 .9 -6 . 1  2.0 0 .6  -2 .4 0 .2  -0 .2 
0 . 002 4 .7  0. 1 1 5 .3  -0 .9 -3 .4  1 . 4 -0 . 7  

L ike l ihood rat io test that there are at most r coi nteg rat ing vectors 

r LA 5% critical value 

0 228 .8  1 03.0 
1 1 55.6 78. 1  

2 96.2 57.2 

3 58 .0  28 .6 

4 26 .4  23.8 

5 7.2 1 2 .0 

6 0 .2  4 .2  



On the basis of this test procedure there may be five cointegrati n g  vectors amongst 

these seve n variables.  In this case the e igenvector correspond ing  to the second 

largest e igenval ue is ve ry s imi lar  to the OLS resul t .  We wil l  therefore proceed to the 

dynamic modelli ng  stage on the basis of the OLS resu lts. 

32 

Once agai n we use a conventional general  to specif ic methodology to de rive a dynamic 

model .  As in  the case of M4 this produced a s imple  dynamic model  which is g iven 

below. 

�LM3 = 0 . 0 1 6 + 0 . 4 8 �LM3 1 - 0 . 2 8 RE S 1 
( 4 . 6 ) ( 4 . 8 ) t- ( 3 . 7 ) t-

( R E S  is the residuals from the coi ntegrating  reg ression in Table  6 .2  col umn  3)  

(Sample period 1 969 : 1 - 1  987 :2) 

0 = 0.0 1 5  R2 
= 0 .32 DW = 2 .04 

ARCH ( 1 ) = 0 . 1 8  R ESET(4) = 4.5 BJ(2) = 0 .84 

LM ( 1 ) = 0 .25 LM (4) = 9 . 5  LM(8) = 1 0 .5  

LB( 1 ) = 0.05 LB(4) = 7.6 LB(8) = 8.0 

C H I S0(8) = 1 3 . 4  C H IS0( 1 2) = 1 3 .6  C H I S0(24)  = 20.3 

This equat ion  is agai n wel l  behaved in terms of a wide range of d iag nostic tests which 

i nclude the sta ndard structural stabi l ity tests. Recu rsive esti mat ion over the pe riod 

1 979 01 to 1 986 04 show that the parameters are highly stable. The CUSUM and 

C USUMSO statistics both show no sig n of u nde rlyi ng  mis-specificat ion.  F ina l ly  the 

sequent ia l  Chow test detects i nstabi l ity i n  1 987 01 and 1 986 01 on ly  (with a crit ical 

value  of  4 ne ither fai l u re is a large one) .  



TE ST STATISTICS FOR RECURSIVE ESTIMATION OF THE DYNA MIC 

M3 E QUATION 

1 . 0 0 

FIGURE 6.2 : S E  a U E N T I A L 0 N E  P E  A I 0 0 CH 0 w T E S T 

1 9 80 1 9 8 1 1 9 82 1 9 83 1 9 8 4  

1 9 8 0  

FIGURE 6 . 3  : C U S  U M S  a S TAT I S T I C 
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1 9 8 5  
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1 9 8 6  



7 Conclusion 
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I n  this pape r we have appl ied coi ntegrat ion techniques to model a range of monetary 

aggregates MO, M 1 , M3, M4.  I n  each case we have bee n abl e, after  some searchi ng ,  

to find a su itable set  of coi ntegrat ing variables and to bui ld a dynamic model  which is 

satisfactory o n  a broad range of criteria. 

Perhaps the most strik ing conclusion we reach is that in no case does the s imple text 

book set of variables p rove to be adequate. To practi tioners this is  n ot surprisi ng ,  of 

cou rse, as it is simply another way of sayi ng  that models based on this set of variables 

are inadequate and wil l  be found to be st ructu rally u nstab le .  This is, of cou rse, such a 

wel l  known phenome na of monetary modelli ng over  the last twe nty years that it needs 

n o  docum entatio n .  With the perspective of coi ntegration  theory, however, it becomes 

evident that the way forward is not to play with increas ing ly  complex dynamics but 

rather to seek the m issing  components. Once this is done then the dynamic model is 

re latively stra ightforward and i ndeed i n  the case of MO, M3 and M4 a stri ki ng  feature is 

just how simple the resu l t ing dynamics are .  

As we move from narrow money MO to  broad money M4 i t  is not surp risi ng that the 

types of ext ra effects we need to include change.  At the narrow money end we need 

to take accou nt of f i nanc ial i n novat ion and the move i nto interest-bearing M1 accou nts. 

At the broad money end whe re we are deal i ng with more of an  asset than a m ediu m  of 

exchange we n eed to al low for broad wealth effects. 



A PP E N D I X :  TH E JOHANSEN PROC E D U R E  

Johansen ( 1 988) sets his analysis withi n the fo l lowi ng framewo rk. Beg in  by defi n i ng  a 

general  polynomial distributed lag model of a vector of variables X as 
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(A 1 )  

where Xt is a vector of N variables of i nterest; 1r i are NXN coefficient matrices , and f t is 

an  i ndepe ndently ide ntical ly distributed N dimensional vector with zero mean and 

variance matrix n. Withi n this framework the long ru n ,  or coi nteg rati ng matrix is g ive n 

by 

I - 1r 1 = 1r2 · · · - 1Tk = 1T (A2) 

Where I is the identity matrix. 

1r wi l l  therefore be an NXN matrix. The number, r, of disti nct coi ntegrat ing vectors 

which exists between the variables of X, wi l l  be given by the rank of 1r .  I n  general ,  if X 

consists of variables which must be differe nced once i n  order to be stat ionary 

( i ntegrated of order one or 1 ( 1 ) then ,  at most, r must be equal to N- 1 , so that r:S N - 1 . 

Now we defi ne two matrices a, {3 both of which are Nxr such that 

1T = a{3 '  

and so the rows of {3 form the r dist inct coi ntegrat ing vectors. 

Johansen then demonstrates the fo l lowing Theorem.  

Theorem :  The maximum l i ke l ihood est imate of  the space span ned by {3 is the space 

spanned by the r canon ical variates corresponding to the r largest squared canon ical 

corre lat ions between the residuals of Xt-k and llXt corrected for the effect of the lagged 

d i ffe rences of the X process. The l ikel ihood ratio test statistic for the hypothesis that 

there are at most r coi nteg rat ing vectors is 



- 2 l n Q  = - T 

i = r + 1 

l n  ( 1 - A ,  ) 
l 

( A3 )  

" " 
where A r+ 1 . . .  AN are the N - r smallest squared canonical  corre lations.  Johansen 

then goes o n  to demonstrate the propert ies of the maximum like l ihood est imates and, 
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more i m portant ly, he shows that the li kel ihood rat io test has an asymptotic distribution  

which is a fu nctio n  of an  N - r d i mensional Brownian mot ion which is i ndependent of any 

n uisance paramete rs .  This m eans that a set of critical values can be tabu lated which 

w i l l  be correct for a l l  models. He demonstrates that the space spanned by {3 is 

consiste nt ly est imated by the space spanned by p .  

I n  o rder  t o  i mp leme nt this Theore m we beg i n  by reparamete risi ng ( A  1 )  i nto the fol lowing 

e rror correct ion model .  

(A4) 

where 

The equ i l ib ri u m  matrix 1r is now clearly ident i fied as - rk. 

Johansen 's suggested procedure beg ins by reg ress ing f1Xt on  the lagged diffe rences of 

6Xt and defi n ing  a set of residuals Rot · then reg ress ing Xt-k on the lagged di fferences 

and  defi n i ng  Rkt · The l i kel ihood function ,  i n  terms of a, {3 and n is then proportion al to 

L ( a ,  {3 I 0 ) 

T 
- T / 2  

= 1 0 1 EXP [ - 1 / 2 � 
t = l  

( R  + a {3' R ) ' 
ot k t  

( AS ) 
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If f3 were f ixed we could maximise ove r ex and n by a regression of Rat on - (3'Rkt which 

g ives 

and 

" 

where 

T - 1 
S . . = T  I: R . R ' . i , j = O , k 

l J  
t = l  

l t  ] t  

and s o  maxim is ing the l i keli hood fu nction may be reduced to m inimising 

lt may be shown that (A8) wil l be min imised when 

attai ns a m in imum with respect to (3 .  

We now defi ne a diagonal matrix D which consists of the ordered e igenvalues 

>- 1 > . . .  > >.N of Sko s- 1 
00 S0k with respect to Skk· That is 'X i satisfies 

Def ine E to be the corresponding matrix of eigenvectors so that 

where we normalize E such that E'SkkE = I 

(A6) 

(A?) 

(A8) 

(A9) 

(A 1 0) 

(A 1 1 )  
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The maximum like l ihood est imator of 13 is now g iven by the f i rst r rows of E ,  that is ,  the 

f i rst r eigenvectors of Sk0S00
-1 S0k with respect to Skk· These are the canon ical 

variates and the correspondi ng eige nvalues are the squared canon ical corre lat io ns of 

R k with respect to R0 . These eige nvalues may then  be used in the test proposed in (3) 

to test e ither for the existence of a coi ntegrating  vector r = 1 or the n umber of 

cointegrat ing vectors N > r > 1 .  

Johansen (1 988) calculates the crit ical values for the l i ke l ihood rat io test for the cases 

whe re m s5 ,  where m =  P - r, P is the number of variables in the set u nde r considerat ion 

and r is the maximum n u mber of cointegrating  vectors being  tested for .  This li m its us to 

testing on ly  withi n sets of five o r  l ess vari ables. Johansen provides an approximat ion 

fo rmu lae for the crit ical va lues and we have used this formu lae to compute the critical 

va lues fo r all cases up to m=1 0. For m s5 we may compare the approximat ion with the 

n u merically derived n u mbers to gauge the accu racy of the approxi mation .  

Critical Val ues for the Likelihood Ratio Test 

(95% crit ical value )  

Johanson Crit ical Approxi mat ion 
m Values Values 

1 4 .2  3 .25 

2 1 2 .0  1 2 . 1  

3 23.8 23 .6  

4 38 .6  38 .4  

5 57.2 56 .6 

6 78. 1 

7 1 03 .0  

8 1 3 1 . 1  

9 1 62 . 8  

1 0  1 97 .7  
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