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Abstract 

This paper presents an econometric analysis of M4 balances based.on a 

spl i t  between the personal and corpora te sectors. For the persona l 

sector we find that simultaneous estimation of the demand for money 

and a consumption function yields encouraging results. The dynamic 

interaction of money and consumption may have an important role to 

play in explaining the recent behaviour of both variables. Modell ing 

the corporate sector' s money holdings i s  more problematic .  The 

e ndogenei ty  of i n terest ra tes ca nnot  be i gnored a n d  corporate 

behaviour is more l ikely to resemble the portfolio al location than a 

traditional demand for money approach. Nevertheless, a relatively 

simple model can be estimated for corporate sector M4, which offers a 

starting point for future research. 
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1 Introduction 

Analysis of the monetary aggregates plays an important role in U K  

monetary policy. There are currently two official monitoring ranges: 

for MO (0 to 4% growth per annum) and M4 (3 to 9%). The usefulness 

of money as an intermediate indicator rests in part on the assumption 

t h a t  t here ex i sts  a reaso nably stable - or a t  l ea s t  pred i c table  -

relat ionship between money growth and the gro w th of  nomina l  

i ncome. We a lso need t o  u nderstand what  ca uses the mo neta ry 

aggrega tes to change a nd their responsiveness to i nterest ra tes in 

particular. This paper presents an empirical analysis of the behaviour 

of M4 balances in the UK since 1 977. The behaviour of M4 is studied in 

a companion paper (Breedon and Fisher, 1993). Our understanding of 

recent  M4 beha viour  has  been l imi ted and there a re fe w u seful  

empirical models available. The aim of  this paper is  to  fonnulate some 

provisional relationships which might offer some useful insights and 

serve as a starting point for further research. 

M4 was first introduced as an o fficial monetary aggregate in 1 9 87.  

Along with notes and coin i t  includes the sterling deposit  liabili ties of 

a l l  U K  banks and bu i ld i ng soc ie t ies to  other  pri v a te sec tor U K  

residents. (1)  I t  replaced M3, the previous main broad money aggregate, 

which did not include deposi ts with building societies. Since M4 was 

introduced there have been few published studies of its behaviour. The 

most recent study conducted by the Bank of E ngland was by Hall, 

Henry and Wilcox (1989), upda ted by Brookes, Hall, Henry a nd 

Hoggarth (199 1) .  The Hall, Henry and Wilcox paper presented one of 

the first applications of the Johansen technique for estimating long-run 

rela t ionships and exami ned MO, M 1 ,  M 3  and M4. The M4 model 

related aggregate real M4 balances to real GDr, inflation, real personal 

sec tor total gross wealth and an eq u i ty price term . The preferred 

equation was notable for the relative importance of wealth ra ther than 

(\) See the May \987 Bank of England Quarterly Bulletin pages 212 to 219 for a full 
definition. 
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2 A brief analysis of broad money and its counterparts 

One starting point  for an analysis of broad money is  to consider i ts 

counterparts, as derived by setting ou t the other componen ts of the 

consolidated balance sheet of banks and buildi ng societies. We can 

express M4 as being iden tically equal to bank and building society 

lending to the non-bank, non-building society sector ("M4 lend ing"), 

l ess net  external  t ransa c t i o n s  of b a n k s  a nd b u i l d i n g  socie t ies  

("Externals"), less net non-deposit JiabiJities ("NNDLs") plus a public 

sector contribution less pubJic sector externals.(4) The public sector 

contribu tion is equal to the PSBR less debt sales to the non-ba nk,  

non-building society private sector. 

The counterparts' relationship is an identi ty and therefore consistent 

wi th  any particular behavi oural model of M4.  Nevertheless, the 

counterparts are useful to examine the liabil i ty management view of 

bank and building society behaviour. 

The term "liabili ty management" refers to the process whereby banks 

adjust their deposit rates in order to bring their liabilities (deposi ts) into 

line with their assets (lending). Conversely "asset management" refers 

to the adjustment of lending rates in order to bring their assets into line 

with their liabili ties. While both activi ties are doubtless undertaken 

simultaneously, there is a long-standing view (see Goodhart 1984) that 

l iabi l i ty management dominates. Banks and bui lding societies will 

generaJ1y undertake all profi table lending activi ties (aJ1owing for risk 

and hence "credit crunch" behaviour) at market lending rate levels and 

then compete more or less aggressi vely for d eposi ts as necessa ry 

(allowing for the fact that lending often entails the initial creation of a 

ma tching deposi t) .  Despi te the sequential descri ption, this process 

simultaneously determines deposits, lending and interest rates. 

(4) Again. see Bank of England Quarterly Bulletin, May 1987, page 217 for further 
details. 
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Charts 2 . 1  and 2.2 illustrate the counterparts identity. Chart 2 . 1  shows 

M4 and M4 lend ing flows si nce 1983.  The economic cycle is clea rly 

reflected in both series with the lending figures showi ng the greater 

variabil i ty .  For both series the fluctuations are greater than might be 

expected simply in response to the cycle in activi ty. The explanation is 

a lmost certainly connected with the process of financial liberalisation 

which should have shifted the supply curve of the financial services 

i ndustry, leading to lower transactions costs and greater turnover. An 
expa n sion of  lending activi ty should lead to a rise i n  deposi t rates 

relative to base rates. More importantly perhaps, interest differentials 

between assets will reflect financial deregulation . As the financial 

system becomes more efficient, liquidity constraints are reduced and 

relative rates of return across assets should more accurately reflect the 

relat ive risk of holding those assets. The price of previously ill iquid 

assets - such as housing - will rise, increasing measured wealth. In  our 

empirical results we explain M4 wholly or partly by wealth and interest 

rates. We thus rely on changes in asset prices and interest di fferentials 

to reflect any effects of financial liberalisation. We might then expect to 

find stable relat ionships expla ining M4, but the si mple correlation 

between M4 and nominal income need not be stable. 

Chart 2.2 shows the contributions of the public sector ( including net 

external finance), externals and NN DLs to the difference between M4 

and M4 lend ing flows. The public sector contribu tion reflects the 

means by which a public sector defici t is financed. If the PSBR is offset 

by sales of gilts to the non-bank, non-building society private sector 

and the o verseas sector, then the public sector contribu tion will be 

small. Since 1986 the difference between M4 and M4 lending is largely 

accounted for by externals (almost certainly related to the large current 

account deficit) and NNDLs. 

I f  liabili ty managemen t dominates, then we should be able to see the 

consequences by disaggregating M4 deposits into wholesale and retail 

components. Bui ld i ng society reta il  depo sits are those made by 

i nd i v iduals or t heir  i n termed ia r ies in  the opera t ion o f  sa vi ngs 

10 



schemes.(S) Bank retail deposits are those arising from a cu stomer's 

acceptance of an ad vertised rate for a particular product .  Wholesale 

deposits will be the rest of M4 deposits. 

Chart 2.1 
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(5) And some corporate deposits under £50,000. 
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Chart 1.3 Chart 2.4 
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I f  lending institutions need to raise deposi ts quickly i t  i s  more l ikely 

tha t  they will do so in the wholesale market - part ly because of the 

quant i ty of funds avai lable at short notice but mostly beca use those 

funds are l ikely to be more price sensi tive, at least in the short run .  
Chart 2 . 3  shows the decomposi tion o f  M4 flows i nto wholesale" and 

retail components. The rapid expansion of M4 since 1983 is mirrored in 

wholesale market funding of banks and building societies which rose 

from a 20% contribution to the stock of M4 in 1 983 to a peak of 30% in  

1 990. 

I f  one accepts t he l i ab i l i ty man agement s tory, one a pproach to  

modelling M4 would be to build up the counterparts, concentrating on 

lending flows in  particular. A decomposition of  M4 lending for 1 992 is  
shown in Chart 2.4 . The largest component identified in the chart is  

lending to the personal sector for house purchase followed by lending 

to industri a l  and commercial  companies ( lCCs),  o ther f inanci a l  

i nsti tutions (OFIs), uni ncorpora ted businesses and to the personal 

sector for consumption. At a minimum this suggests three models 

would be required : corporate ( lCCs, OFIs and unincorporated; 44%); 

house purchase (49%); and consumption (7%). 

Unfortunately the stocks of these variables are very difficult to model . 

Some of  the lend ing represen ts  long-term con tracts (eg 25-year 

mortgages) which may require separate modell ing of new flows and 

repayments. Corpora te sector borrowing i s  especially chal lenging. 

Companies have a much wider degree of access to capi tal markets, 

requiring us to account for choices between capital and commercial 

paper issues and foreign currency finance, not just M4 lending. 

Even if we obtained satisfactory models of M4 lending components, the 

determination of M4 by this route would require models of externals, 

NNDLs and the public sector contribu tion - each of which ra ises new 

problems. There does not seem to be much prospect of model l ing M4 

successful ly by modell ing i ts  counterparts - even if we accept the 
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dominance of l iabi l i ty management. So what can we learn from the 

counterparts and liabili ty management? 

There are two important messages from thi s analysis. The first and 

most crucial is tha t a retail / wholesale split of M4 may be beneficial10r 

modelling aggregate M4. The second is that an understanding of the 

process d ri ving deposi t ra tes may help in ident i fying appropria te 

d emand equa tions for M4 balances. Since the exercise of l iabil i ty 

management involves the setting of deposit rates these should contain 

relevant information to model M4 directly. 

I n  practice the retai l /wholesale spl i t  of M4 is not entirely convenient .  
The income and capital accounts, which wi l l  be used to  provide the 

explanatory variables, are d isaggregated by sector. Fortunately the 

retai l /wholesale spli t  of M4 corresponds quite closely and naturally to 

the personal / corporate ( lCCs and OFI s) sector spli t  - as shown i n  

Chart 2 .5 .  The correl ation coefficient o f  the quarterly grow th ra te 

between personal  and retai l  sectors is 0 .9 7  ( ie  9 7%). Hence in our 

empirical estimation we first model the personal sector M4 component 

and then the corporate sector. 

A major problem with analysing any M4 component is the absence of 

long runs of detailed data on deposi t rates. We would expect this to be 

most crucial for the corporate sector as the marginal source of funds 

and (probably) the most price-sensitive: i t  is the corporate sector which 

provided most of the volatili ty in M4 growth since 1983. 

Disaggregation allows for slightly different modelling strategies for the 

personal and corporate sectors and these are discussed in each section . 
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3 Personal sector M4 

3.1 Introduction 

The main aim of this section is to model the demand for M4 balances by 

the personal sector. The u nderlying economic theory is tha t of  a 

conventional "demand for money" function in  which rea l money 

balances are related to income and wea l th (possibly as  a proxy for 

permanent income) and real rates of return. Gross wealth is used with 
the intention of allowing for a portfolio allocation model: we know that 

M4 contains some savings balances as well as transaction balances. A 

dynamic adjustment model is specified in which agents adjust slowly to 

their desired holdings of real money balances. 

The data set spa ns the period Q1 1 977-Q4 1 992 and consists of: rea l 

personal sector M4 deposits (rnt), real consumption (ct), real disposable 

income (Yt), real tota l ( financial and tangible) gross personal sector 

wealth (Wt), the 91 -day Sterling Treasury bi l l  ra te as a proxy for the 

return on alternative assets ('t), an own-weighted average interest rate 

on personal sector M4 deposits (,At) and the infla tion rate (flpt).(6) The 

construction of ,.d t is explained in Fisher et al ( 1993) .  A full l ist of data 

sources is given in Appendix A. The implicit deflator of consumption 

was used to deflate al l the nominal variables and in the defini tion of the 

inflation rate. All variables other than interest rates are in logari thms 

and are seasonally adjusted. The relatively short data set reflects the 

absence of reliable earl ier data on wealth. 

The inclusion of Ct, Wt and Yt was in tended to al low free choice of 

activity variable in expla ining rnt. It became apparent that the data set 

a l l o w s  for t h e  i d e n t i fi c a t i o n  o f  separate  mon ey d e m a n d  a n d  

(6) The assumption of no long· run monetary illusion is behind the use of real rather than 
nominal variables. while the presence of the inflation rate in the data set allows for 
quite rich adjustment processes to the real values. Further. it avoids dealing with 1(2) 
variables. 
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consumption functions and that aJlowing for dynamic interactions may 

i mprove both specifications. 

Al l  the variables l isted have been extensively described in previous 

research as being 1(1 )(7) and this feature is  carefully considered when 

modelling. 

3.2 Econometric methodology 

The paper mainly fol lows Hendry and M i zon's ( 1993) sequential  

model l ing strategy for analysing non-sta tionary t ime series wi th  

coi n tegra t i ng rel a t ionships .  Thi s  requ i res t he est imat ion of  an  

u nrestricted vector autoregression (V AR) model to  act as  a bench mark 

for subsequent structural model l ing.  Reducing a closed, congruent 

V AR model to an open structural representation requi res mappi ng 

from 1( 1 )  to 1(0),  weak exogenei ty and encompassi ng, in order to 

validate inference, condi tioning and Simplification respectively. (8) 

The reported resul ts follow these steps. First we study the number of 

l ong-run rela t ionships (coin tegrat ing vectors) in the closed VAR 

defined by the data set .  Then we consider a partially specified system 

for rnt and Ct conditional on the remaining variables, testing for the 

weak exogenei ty assumption. The resul ting open V AR is tested for 

parameter constancy and white noise, normally distributed errors. This 

simpli fied open V AR is then a useful baseline against which to test the 

ensuing structural  model wh ich is obta i ned by imposing chosen 

ident ifica tion cond i tions and over-ident ification restri ctions on the 

model. 

(7) l(k) denotes that a time series must be differenced k times before it becomes 
stationary. 

(8) A closed system is on e in which all variables are modelled as opposed to an open 
system in which we do not model a subset of variables ie we condition on that subset. 
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Final ly, i t  should be remembered tha t, despi te running the d a ta 

through these various econometric procedures our aim is  to uncover 

relatively simple "facts" about the data which will be helpful in future 

research . The preci se equati ons reported shoul d be regarded a s  

i llustrative. 

3.3 Investigating the long-run relationships 

In  this sub-section we apply the cointegration analysis developed in  

Johansen ( 1988), fi tting a closed VAR model to the seven dimensional 

vector Xt=(mt,Ct,Wt,Yt,rtl[,flpt). A constant term and four lags of each 

variable - to control for residual autocorrelation - were included in the 
V A R .  A d d i t iona l l y, i n  order to obta in  res id u a l  normal i t y  a n d  

parameter constancy, four impulse dummy variables were included for 

Q2 1 979, Q4 1980, Q3 1 988 and Ql1 992. 

The Johansen procedure al lows for the maximum likel ihood estimation 

of r long-run relationships between n 1( 1 )  variables ( r<n). The long-run 

relationships correspond to those combinations of variables which have 
1 ( 0 )  res i d ual s. B e i n g  a s ta t i s t i c a l  exerci se i t  p i c k s  ou t th ose 

combinations with the most stationary residuals - but these need not 

correspond to meaningful economic relationships. The cointegrating 

vectors wi ll, however, usually be linear combinations of the underlying 

econom i c  re l a t i on s h i p s  a n d  w e  need  to reco ver  t h e se us i n g  

identification conditions. 

Table 3 . 1  summarises the results of the cointegra tion procedure, with 

asterisks showing rejections of the null at the 5% confidence level. 

According to that, we can conclude that there are two coin tegra ting 

relationships among the seven variables and a linear trend in the data. 

The estimated cointegrating vectors are not reported because of the lack 

of structural interpretation. 
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Table 3.1 

Personal sector: co integration test statistics 

r 

0 
1 

2 
3 
4 
5 
6 

Notes: 

r = 

A = 

B = 

- = 

trace test eigenvalue test 

A B A B 

1 78.4- 1 62.3- 56.5- 55.5-
1 2 1 .� 1 06.8- 40.8- 40.8-

8 1 . 1 - 66.0 35.5- 25.5 
45.6 40.5 25.1 24.9 
20.5 1 5.6 1 0.6 9.7 

9.9 5.9 8.6 5.2 
1 .3 0.7 1 .3 0.7 

number of cointegrating vectors under the null hypothesis, 

subject to the restriction that there are no linear trends in the data, 

no restrictions, 

r ejection of the null at the standard 5% significance level. 

In  order to simpli fy the system we parti tion the vector Xt into (Y t, Zt) 

where the vector Y t contains the endogenous variables to be modelled 

condi tional on Z t. This requires weak exogeneity of Z t and, to test for 

this, we use the two exogenei ty tests of Urbain ( 1992). The first test is 

for the presence of the cointegrating vectors in the marginal model of 

Z t. The second is  for the presence of the residuals  of the marginal  

model for Zt in the cond i tional models for Y t. These tests, i f  passed, 

a l low us to trea t Zt as weakly exogenous when the parameters of 

i nterest are the long-run coefficients and the short-run coefficients 

respectively. 

From prel iminary tests we find that the parti tion of Xt in to (Y t,Zt) 

where Y t=(mt,Ct)' and Z t=(Yt,Wt"t'"d t,6Pt)', al lows us to trea t Z t as 

weakly exogenous when the parameters of interest are both the long 

and short-run coefficients. This immediately suggests that we need to 

model money demand and the consumption decision simultaneously. 
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Table 3.2 

Personal sector: testing over-identifying restrictions on the long-run 

relationships 

cointegrating vectors 

restrictions restrictions 

1315 = -1116 
1I�6 = 0 
X (2) = 0.57 (0.75) 

1113 = 1114 = -0.5; 1315 = -1316 
t3p + 1314= -1.0; 1326 = 0 
X (5) = 1.25 (0.94) 

mt 1.0 1.0 1.0 
Ct 1.0 1.0 
wt -0.39 -0.17 -0.41 -0.20 -0.50 

Yt -0.79 -0.72 -0.70 -0.67 -0.50 
't 2.23 0.60 2.f17 0.44 1.92 

,at -1.79 -0.14 -2.07 -1.92 

/1pt 4.74 -0.39 5.40 -0.27 5.68 

loading coefficients 

CVt cv2 CVt cv2 CVt 
llmt -0.096 0.227 -0.092 0.230 -0.075 
bet -0.103 -0.094 -0.098 -0.123 -0.101 

residual analysis 

standard errors 01 % = 0.50 °2% 
a utocorrela lion BP1(13) = 17.2 BP2(13) 
heteroscedastidty ARCH} (2) =2.5 ARCH2(2) 
normality IBl (2) =0.2 1�(2) 

Notes: 

subindexes 1,2 correspond to residuals in llmt, bet equations, 

012 is the correlation coefficient between residuals, 

BP is the Box-Pierce test, 

1.0 
-0.10 
-0.90 
0.56 

-0.65 

cv2 
0.172 

-0.117 

= 0.57 012 = 0.16 
= 12.9 
=0.19 
= 3.7 

ARCH is the test for autoregressive conditional heteroscedasticity, 

IB is the larque-Bera test for normality. 

All tests are asymptotically i with degrees of freedom as shown in brackets. 
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The next step is  to take the partitioned (or open) V AR, impose some 
i d en t i fy i n g  cond i tions  and then test fo r l i kely over- iden ti fying 
restrictions. 

Table 3.2 shows the estimates of the two cOintegrating vectors (�1 ' �2) 

stem m i ng from the partial system ( ie the open V AR) and tests for 

several structural hypotheses on the cointegrating relationships. The 

bottom part of Table 3.2 reports some tests on the open V AR residuals. 

N o  s i g n s  o f  res i d ual  au tocorre la t i on ( B o x -Pie rce s ta t i s t i c s ) , 
autoregressive conditional heteroscedastici ty (ARCH) or non-normality 

(Jarque-Bera tests) are detected. 

I n  order to ensure exact identification of the long-run structure, we 

have  n or m al i sed the  coi n tegrat ing  vectors i n  a way in w h i ch 

consumption does not enter the long-run demand for money equation 

and money does not enter the consumption equation . Our chosen 

cond i t i o n s  a l l o w  for short-run i n teract ion bet ween mo ney and 

consumption but imposes more conventional long-run relationships. 

More precisely, let  �ik be the kth-el ement of the ith-coin tegrating 

vector, i=l,2 and k=1,  . . .  ,7 .  Then, the normal ization rule is �1 1 =�22=1 

and �1 2=�2 1 =O. 

O ther ident i ficat ion condi t ions could be i mposed . I f  the chosen 

condi tions reflect underlying behaviour then the esti mated long-run 

relationships should be stable over different samples. Instability of the 

long-run relationships is therefore one indication that the identi fication 

co nd i t ions  are not  appropriate. As shown bel ow, our estimated 

relationships are highly stable. 

The results are shown in the first two col umns of Table 3 .2, with the 

two cointegrating vectors resembling a money demand equation and a 

consumption equation. In the following columns of Table 3.2, tests for 

various structural hypotheses are reported . The statistics given are 

tests for over-identi fyi ng restrictions and are d istributed as x2 with 

d egrees of freed o m  equ al to  t h e  nu mber of o v er- i d e n t i fy i n g  
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restrictions.(9) First, we test for the restrictions JJ1S=-JJ16 and JJ26=0, ie 

that i t  is the interest rate differential which enters the long-run money 

demand equation and tha t the coefficient of rd t in the consumption 

equ a t i o n  equ a l s  zer o .  We ca n n o t  rejec t  ei ther  h y p o t h e si s a t  

conventional significance levels. 

Second, we test for long-run homogeneity with respect to wealth and 

d isposable i ncome in  both equa tions, ie the wealth and disposable 

i ncome coefficients in each equation sum to un i ty .  Imposing this 

restriction gives wealth and disposable income elasticities in the money 

demand equat ion of  0.51 and 0.49. On th is  basi s, we impose the 

addi t ional restriction tha t they both equal  0.5. The restrictions are 

easily accepted. 

The restricted cointegrating vectors are shown in the third column of 

Table 3.2, al though i t  is  useful to express them in a sl ightly di fferent 

way i n  order to make clear the sign on i n fla t ion in the long-run 

consumption equation.  Let  flt=4f1Pt, that is  the annuali sed infla tion 

rate, then the cointegrating vectors can be written: 

(1) 

(2) 

Both personal sector M4 and consumption depend negatively on the 

inflation rate, with the first also depending negatively on the interest 

differential and the second on the real interest rate. The presence of 

inflation in the long-run relationships could be explained simply as a 

statistical artefact due to the price level being 1(2). However, i t  could 

also represent some sort of inflation adjustment to the level of income. 

We do not pursue this further here.(lO) 

(9) Sec Johansen and luse1ius ( 1992). 

(to) In the case of equation (2) the last two terms could be alternatively written as 

-0.16 (rt - .t) -O.40rt · This form is even harder to explain. 
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Personal sector: recursive stability tests 
Chart 3.1 : 
Recunive stablllty or long-run money demand equation 
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Chart 3_1: 
Recursive stablllty of long-run consumption equation 
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As a final test we need to show tha t our estima ted relationships are 

stable .  Charts 3. 1 to 3.3 show test statistics for the stabi l i ty of the 

estimated long-run relationships,(1) computing recursively the x2 tests 

for restrictions on fJ as the sample size increases.(12) On the basis of the 

evidence presented, we cannot reject the stabil i ty hypothesis .  Hence 

our resul ts do not suggest an inappropriate choice of identificat ion 

conditions. 

3.4 The simplified V AR 

The cointegration analysis in  Section 3 .2  al lows us  to  map the 1(1 ) 
system i n to 1(0) by defining two error correction terms expressing 

deviations of personal sector M4 and consumption from their long-run 

path: 

(3) 

(4) 

The open V AR can be simplified by excluding insignificant variables. 

Table 3.3 shows F-tests and associated p-values for the significance of 

each retai ned regressor i n  the s impl i fied part i al sys tem of Y t 
conditional on Z t. The bottom part of the table also includes measures 

of goodness of fi t and x2 tests for the residuals being white noise and 

normal ly  d i s tr ibu ted . No signs of res idual  a u toco rrela t ion  or 

non-normality are detected . 

I t  is  worth noting that, in order to reduce the d imensional i ty of the 

parameter space, the l ikel ihood fu nction has been concen tra ted by 

( 1 1) See Hansen and Johansen ( 1992). 

( 12) Specifically, each figure reports the outcome (scaled by the 5% critical value so that a 
test statistic less than unity does not reject the null hypothesis) of testing that one 
cointegrating vector or both are contained in the cointegrating space when the sample 
is extended, starting in Q3 1988. 
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regressing all the variables in the V AR on a constant term and the four 

i mpulse d ummies, so the la t ter  do not appear i n  Table 3 .3 or the 

remaining results. 

All the retained regressors in the simplified open V AR are significant at  

standard confidence levels and the importance of both error correction 

terms is clear. Furthermore, the resulting V AR seems congruent with 

the d ata, as shown by the reported "trace correlation" (TC=.874 ) and 

"vector alienation coefficient" (VAC=.045) statistics. These are system 

statistics analogous to single equation (R2)1 h and (1-R2), 
respectively. The fit of both questions and the estimated residuals are 

shown in Charts 3.4 to 3.7. 

Finally, Charts 3.8 to 3. 1 1  report sequences of Chow statistics (scaled by 

their 5% cri tical value) testi ng for parameter constancy. The Chow 

statistic is calculated as: 

Chow (n, t-k) = (RSSt+n - RSSt)/n F(n, t-k) 
RSSt/(t -k) 

where RSSt+n is the recursive residual sum of squares and n 

(5) 

i s  the "forecast horizon ". Specifical ly, in Charts 3.8 and 3.10 ( 1 -step 

forecast tests) the "forecast horizon" is fixed and equal to 1 ,  and the 

sequence of statistics is defined as: (Chow(1,t-k), t=h, ... ,T-l}. Meanwhile, 

i n  Charts 3 .9 and 3 . 1 1 (break-point  Chow Stat is t ic )  the " forecast 

horizon" is decreasing and the sequence is calculated as: 

(Chow(n,t-n-k), n=T-h, ... , 1}. N o  sign of parameter instabi l i ty can be 

detected from the recursive analysis. 

On the previous basis, it is not possible to reject the hypothesis that the 

s implifi ed partial model has acceptably constant parameters and 

approximately white noise, normally distributed errors. 
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Table 3.3 

Personal sector: the simplified V AR 

F= 
(Pr=) 

F= 
(Pr=) 

F= 
(Pr=) 

6mt-l 
3.41 

(0.042) 

ll�t 
80.85 

(0.000) 

(�cm-m)t_l 
1 3.91 

(0.000) 

F-tests on retained regressors 

(and probability values) 

Act_3 llwt_3 llYt 
5.18 3.92 6.68 

(0.009) (0.027) (0.003) 

U�t_; llrt_l ylt-l 
3.39 3.36 2.10 

(0.043) (0.043) (0. 1 34) 

(�cm-c)t_l 
20.61 
(0.000) 

measures of goodness of fit and residual analysis 

fit 
standard errors 
autocorrelation 
normality 

Notes: 

rc 
01 % 
BPl(6) 

IB1 (2) 

rc is the "trace correlation" (see text), 

= 0.874 

= 0.36 
= 7.4 
= 3.9 

VAC is "vector alienation coefficient" (see text), 
and other diagnostics are as defined in Table 3.2. 
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VAC = 0.045 

°2% = 0.54 
BP2(6) = 6.9 

IB2(2) = 0.5 

llYt_l UYt-; 
1 0.41 4.40 

(0.000) (0.01 8) 

llfl t-2 ylt-3 
9.89 5.79 

(0.000) (0.006) 

01 2  = 0.34 



Chart 3.4 
Personal sector; actual and fitted values of M4 equation 
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Chart 3.5 
Personal sector; actual and fitted values of consumption equation 
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Chart 3.6 
Personal sector; residuals of M4 equation 
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Chart 3.7 
Personal sector; residuals of consumption equation 
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Charts 3.8 
Personal sector; M4 equation l-step Chow tests 

___________________________ In 1.0 

_ 0.6 

Chart 3.9 
Personal sector; M4 equation break-point Chow tests 

___________________________ .!!! 1.0 

0.8 

_ 0.6 

0.4 

Note: 5 %  significance level = 1.0. 

28 



Chart 3.10 
Personal sector. consumption equation 1-step Chow tests 

__________________________ � 1.0 

_ 0.1 
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Chart 3.11 
Personal sector: consumption equation break-point Chow tests 

___________________________ .!!! 1.0 

_ 0.8 
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Note: 5% significance level = 1.0. 
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3.5 The structural model 

So far, we have focused o n  the red uced form of the model w i t h  

structural information incorporated only into the long-run relationship. 

In the fol lowi ng, we will try to recover the fu l l  dynamic structu ral 

form. Fol lowing Bardsen and Fisher ( 1 993), we propose the structural 

form to be that  with only one long-run rela tionship enteri ng each 

s tructura l  equ a tion .  These equat ions are then a l lowed to have 

contemporaneous relationships between the endogenous variables in 

the dynamics (which are, by definition, excluded from the reduced 

form ) .  The poi n t  here is to ensure that  each equation represents  
(adjust ment to) a different long-run economic relationship. I n  this 

con text,  it  a l lows a unique mapping from the reduced form of the 

model to the structural  form. That is, the structural model would be 

exactly identified.(1 3) 

Table 3.4 shows the final Full Information Maximum Likelihood (FIML) 

estimates (If the structural model .  In comparison to the previous V AR, 

some further simpl i fications have been made, exclud ing from each 

equation those variables which were jointly significant in the open V AR 

but which were not in the structural equations. This provides some 

overidentifying restrictions tha t are tested for in the lower half  of 

Table 3 . 4 .  The sta ti stic reported is  the Hendry and M i zon ( 1 993)  

encompassing test against the simplified VAR, which is  easily accepted. 

Thus we cannot reject the hypothesis tha t the structural representation 

encompasses the statistica l  system, providing a valid parsimonious 

representation. 

Charts  3 . 1 2  to 3 . 1 5  show the fi t and esti ma ted residua ls  o f  bot h  

structural equations. There are no obvious deficiencies but this simply 

( 13) This choice of identification condition does not prevent both endogenous variables 
from rea cting to  both ecm terms. This is ensured by the presence of both 
contemporaneous terms in each equation. 
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reflects the clean diagnostics and the testing down procedure. Table 3.5 

shows the restricted reduced form of the structural model . 

The structural model contains no informa tion not available in t he 
reduced form. However, i t  makes some things clearer. In the m·oney 

demand equation both consumption and money react to the deviation 

of money from desired long-run levels. Similarly, in the consumption 

equation, both variables react to deviations in consumption from 

desired long-run levels.  I t  is  interesting to note tha t this  yield s a 

negative contemporaneous correlation between M4 and consumption 

in one eq ua t ion and a posi t i ve correl at ion in the o t her.  These 

conflicting correlations ensure stabil i ty but make i t  d i fficult to identi fy 

a particular simple correlation in the data (consider the analogous case 

of supply and demand, price and quantity correlation). 

One possible interpretation of this system i s  that we are implicit ly 
model l ing the demand and su pply of  cred i t  ha ving subs t i tu ted 

consumption for credit demand. Short-run restrictions on the supply of 

credit could then explain the short-run relationship between money 

and consumption. 

One empirical danger is  that consumption and savi ngs are related to 

net financial balances via a wealth identity. In this respect the choice of 

total gross wealth is important. Revaluation effects (eg on housing) and 

the choice of gross ra ther than net weal th ensures tha t there i s  no 

identity linking the variables. 
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Table 3.4 

Personal sector: the structural model 

money demand equation 

Mrt = 0.56 Mrt-l + 0.15 &\wt-3 + 
(3.19) (2.06) 

+ 0.65 &\Yt-l 2.15 &\2pt 
(2.44) (3.92) 

0.29 b.r t-l + 0.45 b.rtd_l 
(2.25) (2,(11) 

+ 0.61 �t-3 0.158 (ecm-m)t_l 
(2.95) (3.20) 

consumption equation 

llct = 0.24 llct-3 + 0.10 &\Wt- 3 + 
(3.59) (3.02) 

+ 0.10 &\Yt-l 0.15 t1=2 &\Yt-i 
0.68) (3.51) 

0.35 &\,A t-2 0.30 (ecm-c)t_l + 

(2.25) (7.17) 

residual analysis 

01% = 0.975 02% 
BP1 (6) = 7.4 BP2(6) 

standard errors 
autocorrelation 
normality 
encompassing 

IB1 (2) = 3.0 IB2(2) 
HM(7) = 2.24 

Notes: 

(ecm-m)t = m t - 0.5 wt - D.5Yt + 1.92 (rt - rdt) + 5.68 &\Pt 
(ecm-c)t = ct - 0.1 Wt - O·9yt + 0.56 (rt - .t) + 0.40.t 
t-ratios are given in parentheses, 
HM(.) is the Hendry-Mizon Test against the simplified V AR, 
other diagnostics are as defined in Table 3.2. 
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0.27 &\Yt 
0.78) 

0 44 2 2 . . 2:/=1 &\ Pt-I 
0.77) 

1.16 &\,At-2 
(2.55) 

1.46llct 
(2.39) 

0.25 &\Yt 
(4.11) 

2 2 0.382:/=1 &\ Pt-i 
(3.73) 

0.79 &\mt 
(9.29) 

= 0.524 
= 6.9 
= 0.8 



Chart 3.12 
Personal sector; actual and fitted values of M4 equation: structural 
form 
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Chart 3.13 
Personal sector; actual and fitted values of consumption equation: 
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Chart 3.14 
Personal sector; residuals of M4 equation: structural form 
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Chart 3.15 
Personal sector; residuals of consumption equation: structural form 
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Table 3.5 

Personal sector: restricted reduced form of structural model 

dependent variable explanatory variables 

Amt-l Ilct-3 llwt_3 llYt llYt-l l:llYt_i 

Amt 0.258 -0.1 63  0.002 -0.040 0.232 0. 100 

(0.082) (0.045) (0.024) (0.043) (0.051)  (0.030) 

Ilct 0.205 0. 1 1 2  0.099 0.21 5  0.287 -0.069 

(0.0607) (0.047) (0.033) (0.063) (0.067) (0.028) 

ll""t U""t-i Mt_l Y't_l Y't-2 Y't-3 

Amt -0.996 0.049 -0.1 36 0.206 -0.305 0.284 

(0.070) (0.087) (0.049) (0.090) (0.088) (0.075) 

Ilct -0.792 -0.338 -O. 1 �  0.164 -0.589 0.226 

(0.094) (0.108) (0.040) (0.073) (0. 1 1 7) (0.063) 

(ecm-m)t_l (ecm-c)t_l 

llmt -0.073 0.201 

(0.012) (0.033) 

Ilct -0.058 -0.138 

(0.01 1 ) (0.044) 

standard errors 01 % = 0.359 02 % = 0.545 01 2  = 0.333 

3.6 Conclusions: personal sector 

The equations reported above should not be regarded as defini tive. 

Alternative choices of data variables could be justified - particularly for 

wealth or interest rates - and many marginal differences to the models 

could be explored . These include the functional form (eg the possible 

inflation-adjustment of income) and the particular identi fication and 
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over-identification condi tions used. At this stage in our research we 

should look for more general conclusions. 

J oint modell ing of  money demand and consumption seems to be 

adding substantially to our ability to explain both variables. During-the 

recent UK economic cycle, consu mption functions have tended to 

underpredict during the boom and overpredict during the recession. 

These dynamic errors appear to be removed by taking into account the 

effects of money balances - see Chart 3.15. This result holds despite our 

assumption that the long-run relationships are "separable" in the sense 

that the variables are excluded from each other's ecm terms. This 

seems intuitively plausible. Short-run restrictions on cred i t  might 

easi ly be sufficient to generate such results and this is  clearly an area 

where further theoretical research may be useful. 

I t  is unlikely that our preferred specifications in Table 3.4 could have 

been realised by a single equation approach - at the simplest level the 

appropriate instruments for the simultaneous endogenous terms would 

not have been apparent ( the excluded ecm term is the obvious choice in 
each case). The Hendry and Mizon ( 1993) sequential strategy has been 

very useful in this respect. But i t  should be noted that the choices of 

data set and the identification/over-identi fication conditions are crucial 

- and these remain a matter for prior economic analysis not statistical 

technique. 

We have confirmed the importance of wealth - the main finding of Hall, 

Henry and Wilcox (1 989) (HHW). This is  not surprising given that M4 

includes savings as well as transaction balances. In addi tion we also 

h a ve strong effects from income which HHW did not .  A further 

add i tion to the HHW formulation is  the role for interest ra tes and 

inflation. The interest di fferential simply reflects the relative cost of 

holding M4 and i ts significance in our results could be due to the use of 

sectoral data. The role played by inflation is  more problematic. This 

cou ld simply be part of the dynamics or i t  cou ld reflect an infla tion 

adjustment to income. 
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We do not find i t  necessary to include any additional va riables for 

financial de-regulat ion but  any direct effec ts cou ld be prox ied by 

several of the included variables. 

Overall the resul ts reported in this section are highly encouraging' both 

for M4 and for consumption. A need for further theoretical research is 

apparent in respect of the joint consumption/money demand decision 

and many aspects of the empirical specifications could also be explored 

further. 

4 Corporate sector M4 

4.1 Introduction 

A textbook transaction demand for money approach is unl ikely to be 

appropriate in modell ing the demand for corpora te sector M4 and, i f  

applied, tends to produce poor empirical results. The corporate sector -
defined here to include "Other Financial  Insti tutions" (primarily l i fe 

assu rance and pension funds) as well as Industrial and Commercial 

Companies - holds a relatively small proportion of its financial assets in 

the form of money balances.(14) At the end of 1992, the corporate sector 

held 1 0% of i ts financial assets in M4 balances whereas the personal 
sector held 25% (if  we exclude their l i fe assurance and pension fund 

holdings, which a re general ly rega rd ed a s  being i l l iq u id by the 

personal sector, this figure rises to 51 %). In general the corporate sector 

i s  more l ikely to swi tch among money, gil ts, equi ties and overseas 

assets according to relative ra tes of retu rn and l iquidi ty preference. 

H ence a portfol io  al location mod el wi th  l i t t le  or no transact ions 

component may be most appropriate. 

( 1 4) In preliminary testing we found no interesting differences when modelling M4 
holdings by OFIs and ICes separately. Of course, this could reflect mis-specification 
in respect of both sub-sectors but we leave this split for funher research.  
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Any non-price effect of financial liberalisation is perhaps more likely to 

a ffect the corporate sector than the personal sector. The boom in asset 

prices may have reflec ted either the expectat ions of higher profi ts 

fo l lowing su pply side reform s or the increa sed competi t ion for 

providing financial services following de-regulation. In either caSe� by 

cond i t ioning on weal th and interest rates we seem to capture any 

effects from finandal liberalisation. 

For  the current exerci se we choose a part ia l  approach in which 

corpora te sector M 4  hold ings a re modelled as  a function of  total 

financial assets (with a null hypothesis of a unit  elasticity) and relative 

rates of return between M4 balances and competing assets. The main 

concerns are: 

(a ) we do not have very good information on actual rates of return 

(particularly on M4 balances); and 

(b) the relative rate of return, tested and treated as weakly exogenous 

for the personal sector, should be endogenous for the corporate 

sector. 

The first of these problems is addressed by taking the London 

three-month interbank ra te ( r5 )  as a proxy for the ra te paid on M4 

d eposi t s  and the 20 yea r  par yield ( r1 )  as  the a l terna t i ve ra te of 

return.( 5) (Gills are a major component of OFI's financial assets. ) The 

spread (rl-rs) seems to work well as a measure of the cost of holding M4 

balances but could also be interpreted as a measure of monetary policy 
tightness since monetary policy impinges more directly on short rates 

than long rates. In either interpretation we address the second problem 

by including price inflation as an additional variable. Initially this is  

seen as  an ( weakly exogenous)  instru ment for lend ing act i vi ty. 

( 15) Experiments with holding period returns for equities, gillS and overseas assets give 
series which are extremely volatile and yield poor econometric results. Some sort of 
conditional smoothing may be necessary. 
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However, it also allows us to interpret one of the long-run relationships 

as a policy reaction function. 

The data set covers the period Q1 1 977 - Q4 1 992 and consists of  real 

break-adjusted corporate sector M4 deposits (met), real total corpOrate 

sector financial assets (excluding trade credit) (wet), the spread between 

the 20-year par bond yield and LIBOR (sit) and the inflation rate of the 

GOP deflator (flpgt). The level of the GOP deflator was used to define 

the real variables. Pre-testing including the level of GOP did not lead to 

satisfactory results. All variables are in logarithms and are seasonally 

adjusted as appropriate. All the variables can be treated as 1(1 )  over this 

sample period. As in the personal sector, it is the quality of the wealth 

data which restricts the length of the sample period. 

The sa me speci fication and testing strategy is employed as for the 
personal sector, starting with the long-run relationships and then 

continu ing wi th  the d ynamic red uced form and structural  form 
estimates. 

4.2 Investigating the long-run relationships 

W e  h a v e  a f i v e  d i m e n s i o n a l V A R  m o d e l l i n g t h e  v e c t o r  

Xt = ( m e t ,  TS t ,  wet ,  flpgt,  Ti t ) ·  A constant term and fo ur  lags a re 

included. Two dummy variables were formed for stock market falls in 

1 987 and 1990. 087 is unity in Q4 1987 and -0.25 for the preceding four 

quarters; 090 is  unity in Q3 1 990 and -0.5 in the following two quarters. 

These dummies are necessary for normal i ty of the marginal model of 

financial wealth and are dropped from our final specifications. 

Results of the Johansen procedure are given in Table 4 . 1 .  These show 

that there may be two cointegrating vectors. In order to investigate 

these we parti tion the vector Xt into (Y t' Zt) where Y t = (met, TSt)' and 

Z t = (wet, flpgt, Ti t)' testing as before for the weak exogeneity of Z t  

which is accepted. 
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Table 4.2 shows the results of imposing identification condi tions and 

test ing two s tructu ral  hypo theses on the open V AR.  In order to 

i d enti fy t he two vectors we set 111 1  = 1122 = 1 and 11 14 = 1123 = 0, 

excluding inflation from one vector and real wealth from the other. 

These cointegrating relationships are still difficult to interpret and so 

we i mpose further over-identification restrictions: the unit elasticity 

between money and wealth in vector one ( 1113 = -1) and the exclusion 

o f  m o n e y, w e a l t h ,  a n d  t h e  b o nd r a t e  f r o m  v e c t o r  t w o  

( 1121 = 1123 = 1125 = 0). These restrictions are easily supported at  a 5% 
level . Ignoring intercept terms, the two restricted relationships can 

then be wri tten as: 

(6) 

(7) 

where 1ft = 411pgt i s  the annualised inflation rate. Equation (7) could be 

interpreted as a monetary policy reaction function in which short-term 

rates vary according to observed inflation (although wi th a less than 

unit  coefficient). I t  could also be a highly simplified model of the credit 

side with high inflation indicating a high level of activity, raising the 

d emand for cred i t  and hence i ts  price. For our purposes this is a 

"nuisance" equation and i ts precise form and interpretation are not the 

primary focus. 

Charts 4.1 to 4.3 plot test statistics for the stabil i ty of the estimated 

long-run relationships. The stabil i ty of the money demand relationship 

(Chart 4.2) is  supported except for two points where the test statistic 

just creeps over the 5% critical value. However, the test for stability of 

the interest rate equation, and the joint test, rejects stability for samples 

ending before 1991. There are a number of reasons why the interest 

rate equation may show instabi l i ty. If it is a pol icy reaction function 

then, with frequent changes of intermediate policy target, we might 

expect instabi lity in the inflation coefficient. The fact that instabil i ty 

coincides with the point of  ERM entry i s  evidence to su pport this 
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reasoning. Al ternatively, we may just be witnessing a small sample 

phenomenon arising from using an asymptotically valid proced ure 

over too small a sample. In other exercises we have sometimes found 

tha t  data sets which stop halfway through a business cycle can lead to 

peculiar estimates of long-run relationships. Using our full data sample 

sho u l d  avoid th i s  proble m .  In e i ther case the money d e mand 

relationship is reasonably stable and thus we proceed wi th dynamic 
estimation. Nevertheless the stabili ty of the system is not as impressive 

as the personal sector results and this caveat needs to be borne in mind 

when examining subsequent results. 
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Corporate sector : recursive stability tests 
Chart 4.1 : 
Rea1nlve !tabUlty or long-run money demand equation 
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Table 4.1 

Corporate sector: co integration test statistics 

r 

0 
1 
2 
3 
4 

Notes: 

r :::; 

A :::; 

B :::; 

- :::; 

-- :::; 

trace test eigenvalue te.t 

A B A B 

1 02.6- 90.4- 45.6- 4O.CJ-
57.0- 49.6- 24.8" 24.4--
32.2 25.2 20.5 1 7.0 
1 1 .7 8.2 6.9 7.4 

4.8 0.8 4.8 0.8 

number of cointegrating vectors under the null hypothesis, 
subject to the restriction that there are no linear trends in the data, 
no restrictions, 
rejection of the null at the standard 5 %  significance level, 

rejection of the null at 1 0% significance level. 
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Table 4.2 
Corporate sector: testing over-identifying restrictions on the long-run 
relationships 

tll 

mCt 1 .0 
rSt -14.25 
WCt -0.25 

llpgt 
rl t 31 .44 

-0.339 

-0.069 

standard errors 
autocorrelation 
heteroscedastid ty 
nonnality 

Notes: 

cointegrating vectors 

-0.05 
1 .0 

-0.33 
-2.06 

1 .0 
-8.82 

-1 .0 

8.82 

restriction. 

til l  • -tl13 
til l • -titS tI�1 • tl25 • 0 
X (4) . 0.99 

1 .0 

-2.31 

loading coefficients 

-4.670 
-1 .235 

-0.098 

0.008 

residual analysis 

01 % = 1 .39 
BP1 (1 1 )  = 1 2.3 

ARCH1 (4) = 2.2 

IB1 (2) = 0.4 

-0.764 
-0.099 

02% = 0.68 
BP2(1 1 )  = 9.1 
ARCH2(4) = 2. 1  

IB2(2) = 1 .3 

subindexes 1, 2 correspond to residuals in llmc, llrs equations, 

01 2  is the correlation coefficient between residuals, 
BP is the Box-Pierce test, 
ARCH is the test for autoregressive conditional heteroscedasticity, 

IB is the Jarque-Bera test for nonnality. 
All tests are asymptotically i with degrees of freedom as shown in brackets. 
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Table 4.3 
Corporate sector: the simplified VAR 

t.mCt_l 
F= 2.13 

(Pr=) (0.130) 

F-tests on retained regressors 

(and probability value.) 

t.mct_2 t.mCt_3 Mst_3 
3.43 2.42 3.44 

(0.041 ) (0.100) (0.040) 

t.""gt 
2 t. pgt.l t.""gt_2 t.""gt_3 

F= 

(Pr=) 

F= 

(Pr=) 

1 5.99 

(0.000) 

Mwt-3 
1 .91  
(0. 160) 

1 1 .37 8.85 2.55 

(0.000) (0.001 ) (0.�9) 

(ecm-mc)f;.l (ecm-rs)t_l 
1 0.40 4.83 

(0.000) (0.013) 

measures of goodness of fit and residual analysis 

fit re = 0.83 VAC 
standard errors 0p% = 1 .54 o�% 
autocorrelation B 1 (4) ;;; 1 .31  B 2(4) 
normality /Bl (2) = 0.18 /B2 (2) 
Notes: 

rc is the "trace correlation" (see text), 
VACis the "vector alienation coefficient" (see text), 
subindexes 1 ,2 correspond to residuals in &nc, MS equations 
other diagnostics are defined as In Table 4.2. 

4.3 The simplified V AR 

= 0.082 
: 0.74 
= 6.46 
= 0.05 

t.rl 
1 6.85 

(0.000) 

Mwt_l 
2.42 

(0. 100) 

01 2 ;;; 0.25 

The cointegration analysis in the preceding section allows us to create 

the following two error-correction terms: 

(10) 

(ecm - rS)t = rSt - 2.31 flpgt (11) 
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The open V AR can be considerably simpl i fied and Table 4.3 shows 
F-tests and associated p-values for the retained regressors in the 
simplified partial system. The fit of this system is only slightly worse 
than that  of the personal sector (TC = 0.830 compared wi th  0.874 
reported in Section 3.3 and VAC = 0.082 compared with 0.045). The fit 
of the equations are shown in Charts 4 .4 to 4 .7. 

Finally, one-step forecast statistics and break-point Chow statistics are 

shown in Figures 4 .8 to 4 . 1 1 .  As before, there is some indication of 

instabili ty in the equation for �rs which breaks the 5% critical value on 

each type of test, but the equation for Amc is reasonably stable. 

Overal l  the corporate sector equations are not quite as reliable as the 

personal sector. However, most of the problems are associated with the 

endogenei ty of interest rates and hence the specification of the interest 

rate equation. It is not obvious that i t  i s  possible to specify a stable 

interest rate equation if the behaviour it represents is in part a policy 

reac ti on funct ion. Nevertheless the resu l ts presented here a re 

sufficiently encouraging for the equation of interest (corporate sector 

M4 balances) for us to continue with a structural fonn specification. 
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Chart 4.4 
Corporate sector: actual and fitted values of interest rate equation 
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Chart 4.6 
Corporate sector: residuals of interest rate equation 
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Chart 4.7 
Corporate sector: residuals of M4 equation 
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Chart 4.8 
Corporate sector: interest rate equation break-point Chow tests 
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Chart 4.9 
Corporate sector: interest rate equation I-step Chow tests 
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Chart 4.10 
Corporate sector: M4 equation break-point Chow tests 
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Chart 4.11 
Corporate sector: M4 equation t-step Chow tests 
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4.4 The structural model 

We identify the equations as before, by condi tioning each on one and 
only one long-run relationship and re-introducing contemporaneous 

dynamics. The structural estimates allow further simplifications tinlil a 

parsimonious model is obtained . These over-identifying restrictions 

are tested and the resul t  is  reported in Table 4.4. The test sta tistic is 

easily accepted. 

Cha rts  4 . 1 2  to 4 . 1 5  show the  f i t  and resi d ua l s  o f  the preferred 

specification and Table 4.5  gives the restricted reduced form of the 

structural model. 

The main  interest in  the structural form is the dynamic adjustment. 

This shows that the feedback from money to interest ra tes i s  ra ther 

weak. The restricted residual form indicates a zero effect from the 

(ecm-mc)t_l term on interest rates. This suggests that in the long run the 

system may actua l ly  be recursive w i t h  i n terest rates bei ng set 

independently and corporate sector money holdings cond i tiona lly .  

This probably reflects the difference between our chosen short rate of  

i nterest and the (u nknown) ra te of retu rn on corpora te sector M4 

balances. Our proxy is obviously less sensi tive to the dema nd and 

supply of M4. 
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Table 4.4 
Corporate sector: the structural model 

llrst = 

+ 

+ 

llmCt = 

+ 

interest rate "reaction" equation 

0.996 NIt + 0.315 lJ.�gt 
(5.84) (3.47) 

0.208 lJ.�gt_2 + 0.13 lJ.2pgt_3 
(0.13) (1.50) 

0.057 llmCt_1 0.073 llmCt_2 
(1 .82) (1.58) 

0.141 (eern-rs)t_l 
(3.49) 

money demand equation 

-5.04 NIt 
(2.99) 

0.24 lJ. WCt_3 
(1.81 )  

3.32 llpgt-1 
(4.11)  

0.095 (eern-mc)t_1 
(6.06) 

+ 4.34 NSt 
(3.31 ) 

+ 0.56 llmct_2 
(3.41 ) 

2.52 llpgt_2 
(3.52) 

residual analysis 

02% 
BP2(6) 

standard errors 

autocorrela tion 

normality 

encompassing 

U1 % 
BP1 (6) 
JB1 (2) 
HM(6) 

= 0.75 
= 2.4 
= 0.3 
= 7.5 

JB1 (2) 

Notes: 

(ecm-rs)t = rSt - 2.31 lJ.pgt 
(ecm-me)t = met - WCt - 8.82 (rSt - rIt) 
t-ratios are given in parentheses, 

HM( . )  is the Hendry-Mizon Test against the simplified VAR, 
subindexes 1,2 correspond to residuals in Ms, llmc equations 

other diagnostics are as defined in Table 4.2. 
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+ 

+ 

0.310 A�gt-1 
(2.26) 

0.055 Awct_3 
(2.28) 

0.063 llmet_3 
(2.24) 

0.53 NSt_3 
(2.94) 

2.27 lJ.pgt 
(4.06) 

0.95 llpgt_3 
(2.26) 

= 3.26 
= 1 1 .4 
= 0.2 



Table 4.5 
Corporate sector: restricted reduced form of structural model 

dependent variable explanatory variables 

llr1t Il�gt ll�gt-l ll�gt-2 
2 II pgt-3 

Mst 0.996 0.31 5 0.310 0.2 0. 130 

0 .71 ) (0.091) (0.1 37) (0. 1 )  (0.087) 

t.mCt -0.71 1 -0.895 -1 .973 - 1 .6 -0.382 

(0.38) (0.203) (0.377) (0.3) (0.2<17) 

llWCt_3 t.mct_l t.mct_2 t.mct-3 

Ilrst -0.055 0.057 -0.073 O.� 
(0.024) (0.031)  (0.046) (0.028) 

llmct -0.001 0.248 0.244 0.275 

(0.053) (0.1 1 1 ) (0. 1 19) (0.1 09) 

llrst_3 (ecm-mc)t_l (ecm-rs)t_l 

llrst 0 0 -0. 141  
(0.040) 

llmct -0.525 -0.095 -0.612 

(0. 179) (0.01 6) (0. 1 44) 

standard errors 01 % = 0.75 02 % = 1 .62 



Chart 4.12 
Corporate sector; actual and fitted values of interest rate equation: 
structural form 
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Chart 4.13 
Corporate sector; actual and fitted values of M4 equations: structural 
form 
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Chart 4.14 
Corporate sector; residuals of interest rate equation: structural form 
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Chart 4.15 
Corporate sector; resid uals of M4 equation: structural form 
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4.5 Conclusions: corporate sector 

As expected, the corporate sector is more di fficult  to model than the 

person a l  sector .  Trea t i ng i n terest ra tes as si mul taneous is both 

theoretically and empirically important but the interest rate equation as 

specified may not be stable. This resul t  may be interpreted as evidence 

to support the conclusion of Cooley and Leroy (1981), that one cannot 

ident i fy separate money demand and money supply equations. To 

improve on these results it may be necessary to complicate the system 

further, perhaps allowing for other components - overseas interest rates 

for example. Various experiments (none entirely successful )  suggest 

that further changes in the interest rate equation are unlikely to change 

the  preferred equation for corpora te sector money balances which 

appears to be reasonably well specified and robust. 

I n  these circumstances a single equation approach, using a number of 

instruments for the interest rate di fferential, may be more robust than 

simultaneous estimation. 

The corporate sector model expla ins M4 as a fraction of total financial 

wealth subject to rela ti ve rates of return. There are no effects from 

ou tpu t a nd the equation may be interpreted as modell ing a simple 

portfol io aIJocation decision. Condi tioning on total financial wealth 

a p p e a r s  t o  remo ve any need to acco u n t  fu r t her  fo r f i n a n c i a l  

liberalisa tion effects. 
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5 Overall conclusions and summary 

The results presented in this paper have extended previous studies of 

the demand for M4 in  two d i rections.  First we have fou nd good 

theoretical  and empirical reasons fo r d isaggrega t ing money" ih to  

personal and corporate sector balances [Congdon and Ward ( 1 993) also 

look a t  a personal sector M4 equation]. Recent work on Divisia money 

(Fisher et ai, 1 993) came to the same conclusion and the sa me result :  

that it  is corporate sector behaviour that is  hardest to model .  Second ,  

our sectoral equations are estimated within a simultaneous system and 

have been derived using the Hendry and Mizo n  ( 1 993) strategy for 

encompassing the V AR.  The novel ty i n  our resu l ts i s  the u se of  

structu ra l  iden ti fica tion restrictions i n  both the l ong-run and t he 

short-run parts of the equation. 

The resul ts themselves con firm earlier studies by Hall et al ( 1 989) i n  

concluding that wealth i s  an important explanatory variable for M 4 .  I n  

addition we find tha t  the wealth effects are different across sectors. In  

the personal sector weal th and income are equally important perhaps 

reflecting the use of M4 for both transactions and saving purposes. In  

the corporate sector we find no role for income (or  any other activity 

variable) and money appears to be just one of the many assets which 

are held. 

Other di fferences relate to the inclusion of  signi ficant  terms from 

interest rate differentials in accordance with our theoretical priors and a 

much richer dynamic structure. Interest rate effects are usual ly very 

difficul t  to establish in econometric models and the sectoral spl it may 

play an important part in giving us these results. The richer dynamic 

structure arises from encompassing a data-congruent V AR. 

The simultaneous estimation strategy reveals a short-term link between 

consumption and personal sector money demand that improves both 

structural -form equations. In particular, UK consumption functions 

have tended to underpredict during the boom and overpredict during 
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the recession. Including money as an (endogenous) explanatory factor 

appears to eliminate these errors. 

G i ven tha t M4 d a ta a re avai lable earlier than consumption data ,  

p e r so n a l  sec t o r  M4 m a y  b e  a u se f u l  s h o r t - term i nd i ca to r o f  

consumption. However, the conflicting signs across equations suggest 

that the message will not be simple to extract. Our equations suggest 

that an increase in consumption reduces personal sector M4 whereas an 

i n c re a se i n  M 4  i n c re a s e s  co n s u m p t i o n .  B o t h  e f fe c t s  o c c u r  

simultaneously. 

One impl ica t ion  of o u r  resul t s  from both sec tors i s  tha t if the  

wealth-income ratio were to stabilise then so would M4 velocity.  I f  the 

change in the wealth-income ratio has reflected the process of financial 

l iberal isa tion then we may see M4 veloci ty becoming more stable in 

future. 

Overall these resul ts are encouraging both in support of the underlying 

analysis of broad money and for the model ling stra tegy employed. In 
both sectors the empirical specifica tion could be subject to many 

vari a tions  in  terms o f  d a  ta set, fu nctional  form and restrict ions 

al though the results as reported are reasonably promising, especially 

for the personal sector. Further work on the personal sector should 

explore the theoretical l inkages between consumption and money 

demand and the possible role of credit restrictions in expla ining the 

short-run relationships. 

The way forward for the corporate sector is less dear although a single 

equation instrumental variable analysis may be more robust. Better 

d a ta o n  d eposi t ra tes wou l d  i m p ro v e  our  est ima tes,and make 

i n terpreta tion less  problema tic.  The spl i t  between industrial and 

commercial companies on the one hand and other financial institu tions 

on the other is also a possible avenue to explore although no differences 

were found in the course of this work. 
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Appendix A - Data Sources 

Personal Sector: 

Break-adjusted, seasonally adjusted M4: Bank of England 

Real consumption: CSO code CAAB 

Real gross wealth = gross financial wealth plus housing wealth plus 

stock of consumer durables: Bank of England model database 

91-day Sterling Treasury BiIJ rate average: Bank of England 

Personal sector own-weighted interest rate on M4 - Fisher et al ( 1 993) 
Consumption deflator: CSO code DJBA /DJDH 

Corporate Sector: 

Break-adjusted, seasonally adjusted M4: Bank of England 
Total financial assets of the corporate sector: Financial Stati stics Tables 

14.2, 1 4.3 

London 3-month interbank rate - CSO code AM IJ 

GDP deflator: CSO code DJBA/DJDH 
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