




























































































Table 3.5
Personal sector: restricted reduced form of structural model

dependent variable explanatory variables
amg, Acy 3 bw; 3 by 8yq.1 Zhye.
om, 0.258 -0.163 0.002 -0.040 0.232 0.100

(0.082) (0.045) (0.029) (0.043) (0.051) (0.030)

Ac, 0.205 0.112 0.099 0.215 0.287 -0.069
(0.0607)  (0.047) (0.033) (0.063) (0.067) (0.028)

a%p, talpy; by oA, q aA,2 a4,

om, -0.996 0.049 -0.136 0.206 -0305 0.284
(0.070) (0.087) (0.049) (0.090) (0.088) (0.075)

Acy -0.792 -0.338 -0.108 0.164 -0.589 0.226
(0.094) (0.108) (0.040) (0.073) 0.117) (0.063)

(ecm-m), 4 (ecm-c), 4
om, -0073 0.201
(0.012) (0.033)
Ac, -0.058 -0.138
(0.011) (0.044)
standard errors 01% = 0359 09% = 0.545 012 = 0.333

3.6 Conclusions: personal sector

The equations reported above should not be regarded as definitive.
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 identification and
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over-identification conditions used. At this stage in our research we
should look for more general conclusions.

Joint modelling of money demand and consumption seems to be
adding substantially to our ability to explain both variables. Duringthe
recent UK economic cycle, consumption 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 credit might
easily be sufficient to generate such results and this is clearly an area
where further theoretical research may be useful.

It 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 it should be noted that the choices of
data set and the identification /over-identification 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 (1989) (HHW). This is not surprising given that M4
includes savings as well as transaction balances. In addition we also
have strong effects from income which HHW did not. A further
addition to the HHW formulation is the role for interest rates and
inflation. The interest differential simply reflects the relative cost of
holding M4 and its significance in our results could be due to the use of
sectoral data. The role played by inflation is more problematic. This
could simply be part of the dynamics or it could reflect an inflation

adjustment to income.




We do not find it necessary to include any additional variables for
financial de-regulation but any direct effects could be proxied by
several of the included variables.

Overall the results 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 unlikely to be
appropriate in modelling the demand for corporate sector M4 and, if
applied, tends to produce poor empirical results. The corporate sector -
defined here to include "Other Financial Institutions" (primarily life
assurance 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.(19 At the end of 1992, the corporate sector
held 10% of its financial assets in M4 balances whereas the personal
sector held 25% (if we exclude their life assurance and pension fund
holdings, which are generally regarded as being illiquid by the
personal sector, this figure rises to 51%). In general the corporate sector
is more likely to switch among money, gilts, equities and overseas
assets according to relative rates of return and liquidity preference.
Hence a portfolio allocation model with little or no transactions
component may be most appropriate.

(14) In preliminary testing we found no interesting differences when modelling M4
holdings by OFIs and ICCs separately. Of course, this could reflect mis-specification
in respect of both sub-sectors but we leave this split for further research.
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Any non-price effect of financial liberalisation is perhaps more likely to
affect the corporate sector than the personal sector. The boom in asset
prices may have reflected either the expectations of higher profits
following supply side reforms or the increased competition for
providing financial services following de-regulation. In either case, by
conditioning on wealth and interest rates we seem to capture any
effects from financial liberalisation.

For the current exercise we choose a partial approach in which
corporate sector M4 holdings are modelled as a function of total
financial assets (with a null hy pothesis 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) therelative 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 rate (rs) as a proxy for the rate paid on M4
deposits and the 20 year par yield (rl) as the alternative rate of
return.(9) (Gilts 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) instrument for lending activity.

(15) Expenments with holding period retums for equities, gilts 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 1977 - Q4 1992 and consists of real
break-adjusted corporate sector M4 deposits (mc), real total corporate
sector financial assets (excluding trade credit) (wcy), the spread between
the 20-year par bond yield and LIBOR (sly) and the inflation rate of the
GDP deflator (Apgy). The level of the GDP deflator was used to define
the real variables. Pre-testing including the level of GDP did not lead to
satisfactory results. All variables are in logarithms and are seasonally
adjusted as appropriate. All the variables can be treated as I(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 same specification and testing strategy is employed as for the
personal sector, starting with the long-run relationships and then
continuing with the dynamic reduced form and structural form
estimates.

4.2 Investigating the long-run relationships

We have a five dimensional VAR modelling the vector
Xy = (mcy, rsy, wey, Apgy, rly). A constant term and four lags are
included. Two dummy variables were formed for stock market falls in
1987 and 1990. D87 is unity in Q4 1987 and -0.25 for the preceding four
quarters; D90 is unity in Q3 1990 and -0.5 in the following two quarters.
These dummies are necessary for normality 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 partition the vector X; into (Y 4, Z;) where Y ; = (mc;, rs;)" and
Z; = (wcy, Apgy, 11y’ testing as before for the weak exogeneity of Z,
which is accepted.
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Table 4.2 shows the results of imposing identification conditions and
testing two structural hypotheses on the open VAR. In order to
identify the two vectors we set 11 = 99 =1and 14 = 823 =0,
excluding inflation from one vector and real wealth from the other.
These cointegrating relationships are still difficult to interpret and so
we impose further over-identification restrictions: the unit elasticity
between money and wealth in vector one (B13= -1) and the exclusion
of money, wealth, and the bond rate from vector two
(B21 = B3 = Bp5 = 0). These restrictions are easily supported ata 5%
level. Ignoring intercept terms, the two restricted relationships can
then be written as:

mcy = wcy - 8.82 (rly - rsy) (6)
fSt = 056'[ (7)

where x; = 4Apg; is 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 with a less than
unit coefficient). It could also be a highly simplified model of the credit
side with high inflation indicating a high level of activity, raising the
demand for credit and hence its price. For our purposes this is a
"nuisance” equation and its precise form and interpretation are not the
primary focus.

Charts 4.1 to 4.3 plot test statistics for the stability of the estimated
long-run relationships. The stability 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 instability. If it is a policy reaction function
then, with frequent changes of intermediate policy target, we might
expect instability in the inflation coefficient. The fact that instability
coincides with the point of ERM entry is evidence to support this
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reasoning. Alternatively, we may just be witnessing a small sample
phenomenon arising from using an asymptotically valid procedure
over too small a sample. In other exercises we have sometimes found
that data sets which stop halfway through a business cycle can lead to
peculiar estimates of long-run relationships. Using our full data saniple
should avoid this problem. In either case the money demand
relationship is reasonably stable and thus we proceed with dynamic
estimation. Nevertheless the stability 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 :

Recursive stability of long-run money demand equation 2
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Table 4.1
Corporate sector: cointegration test statistics

trace test eigenvalue test
r A B A B
0 102.6* 90.4* 45.6° 40.9*
1 57.0¢ 49.6* 24 8* 24.4*
2 322 252 20.5 17.0
3 11.7 8.2 6.9 74
4 4.8 0.8 48 0.8
Notes:
r = number of cointegrating vectors under the null hypothesis,
A subject to the restriction that there are no linear trends in the data,
B = norestrictions,

= rejection of the null at the standard 5% significance level,
= rejection of the null at 10% significance level.




Table 4.2

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

relationships
cointegrating vectors
| B2 81 82
restrictions
11 =-P13
A12=-b15
5;1 =f5=0
x“(4) = 0.99
mc, 1.0 -0.05 1.0 -
TSy -14.25 1.0 -8.82 1.0
wey -0.25 - -1.0 -
Apg, - -0.33 - -2.31
rl 314 -2.06 8.82 -
loading coefficients
| 2 & o2
Amc, -0.339 -4.670 -0.098 -0.764
Ars, -0.069 -1.235 0.008 -0.099
residual analysis
standard errors 01% =1:39 02% =0.68
autocorrelation BP,(11) =123 BPy(11) =91
heteroscedastidty ARCH,(4) =22 ARCH,(4) =21
normality JB1(2) =04 |B5(2) =hES
Notes:

subindexes 1, 2 correspond to residuals in Amc, Ars equations,

012 s the correlation coefficient between residuals,

BP is the Box-Pierce test,

ARCH is the test for autoregressive conditional heteroscedasticity,
|B is the Jarque-Bera test for normality.

All tests are asymptotically x2 with degrees of freedom as shown in brackets.

012 =027




Table 4.3

Corporate sector: the simplified VAR

F-tests on retained regressors

(and probability values)
aAmc t-1 aAmc t-2 Amc t-3 Ars t-3
= 2.13 343 242 3.44
(Pr=) (0.130) (0.041) (0.100) (0.040)
Angt AZPSH s%pg .2 Angt.a
= 15.99 11.37 8.85 2.55
(Pr=) (0.000) (0.000) (0.001) (0.089)
Arwg 4 (ecm-mc)y 1 (ecm-rs), 4
F= 191 10.40 483
(Pr=) (0.160) (0.000) (0.013)

arl
16.85
(0.000)
Arw‘_l

(0.100)

measures of goodness of fit and residual analysis

fit TC =083
standard errors 01% =1.54
autocorrelation B 1(4) =131
normality /B1(2) =018
Notes:

TC is the "trace correlation” (see text),

VACis the "vector alienation coefficient" (see text),

VAC
09 %
BP,(4)
B5(2)

subindexes 1,2 correspond to residuals in Amc, Ars equations
other diagnostics are defined as in Table 4.2.

4.3 The simplified VAR

The cointegration analysis in the preceding section allows us to create
the following two error-correction terms:

(ecm - mc); = mc; - wey + 8.82 (rly - rsp

(ecm - 15)y = 15y - 2.31 Apg;

45

=0.082

=074
=6.46
= 0.05

0]2 = 025
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The open V AR can be considerably simplified 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 with 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 4.11. As before, there is some indication of
instability in the equation for Ars which breaks the 5% critical value on
each type of test, but the equation for Amc is reasonably stable.

Overall the corporate sector equations are not quite as reliable as the
personal sector. However, most of the problems are associated with the
endogeneity of interest rates and hence the specification of the interest
rate equation. It is not obvious that it is possible to specify a stable
interest rate equation if the behaviour it represents is in part a policy
reaction function. Nevertheless the results presented here are

sufficiently encouraging for the equation of interest (corporate sector
M4 balances) for us to continue with a structural form specification.




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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Chart4.8
Corporate sector: interest rate equation break-point Chow tests
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Chart 4.9
Corporate sector: interest rate equation 1-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 1-step Chow tests
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4.4 The structural model

We identify the equations as before, by conditioning each on one and
only one long-run relationship and re-introducing contemporaneous
dynamics. The structural estimates allow further simplifications until a
parsimonious model is obtained. These over-identifying restrictions
are tested and the result is reported in Table 4.4. The test statistic is
easily accepted.

Charts 4.12 to 4.15 show the fit and residuals of 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 rates is rather
weak. The restricted residual form indicates a zero effect from the
(ecm-mc);_q term on interest rates. This suggests that in the long run the
system may actually be recursive with interest rates being set
independently and corporate sector money holdings conditionally.
This probably reflects the difference between our chosen short rate of
interest and the (unknown) rate of return on corporate sector M4
balances. Our proxy is obviously less sensitive to the demand and
supply of M4.
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Table 4.4

Corporate sector: the structural model

interest rate "reaction” equation

ars, = 0.996 a7l

(5.84)

+ 0208 a%pg; »
(013)

+ 0.057 A’ﬂct_l
(1.82)

- 0.141 (ecm-rs),_4
(349

money demand equation

amc, = -5.04 arl ¢

(2.99)

+ 0.24 Awcy 3
(1.81)

B 3.32 Apg; 1
(4.11)

- 0.095 (eam-mc), 4
(6.06)

standard errors
autocorrelation
normality
encompassing

Notes:

(ecm-rs), = sy - 2.31 Apg;

+ 0315 apg,
347

+  013a%pg,3

(1.50)

- 0073 amc, 5

(1.58)

cp 4.34 Afst
(331)

+  0.56 Amc,;
(341)

= 2.52 Apgt-Z
(3.52)

residual analysis

01 % =075
BPi(6) =24
JB;@ =03
HM(6) =W5

(ecm-mc), =mcy - Wey - 8.82 ('5t - rI‘)
t-ratios are given in parentheses,
HM(-) is the Hendry-Mizon Test against the simplified VAR,

subindexes 1,2 correspond to residuals in Ars, Amc equations

other diagnostics are as defined

in Table 4.2.
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02%
BP2(6)
J Bl 2)

0.310 A%pg, ;
(2.26)

0.055 Awc;_3
(2.28)

0.063 MC,_3
(2.24)

0.53 Arst_3
(2.94)

(4.06)

0.95 Apg, 3
(2.26)

=3.26
=114
= (022




Table 4.5
Corporate sector: restricted reduced form of structural model

dependent variable explanatory variables
Briy o%pg, 6%g:,  o%gr2  Alpses
ars, 0.996 0.315 0.310 0.2 0.130
1.71) (0.091) (0.137) 0.1 (0.087)
amc, -0.711 -0.895 -1.973 -1.6 -0.382
(0.38) (0.203) (0377 (0.3) (0.207)

bwcy 3 Amct_l amcy Amc, 4
Ars, -0.055 0.057 -0.073 0.063
(0.024) (0.031) (0.046) (0.028)

amc, -0.001 0.248 0.244 0.275
(0.053) (0.111) 0.119) (0.109)

Ars, 4 (ecm-mc)y 4 (ecm-rs), 4
Ars, 0 0 -0.141
(0.040)
amc, -0.525 -0.095 -0.612
(0.179) (0.016) (0.144)
standard errors 01% =075 0% =1.62
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Chart 4.12

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; residuals of M4 equation: structural form
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4.5 Conclusions: corporate sector

As expected, the corporate sector is more difficult to model than the
personal sector. Treating interest rates as simultaneous is both
theoretically and empirically important but the interest rate equation as
specified may not be stable. This result may be interpreted as evidence
to support the conclusion of Cooley and Leroy (1981), that one cannot
identify 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 corporate sector money balances which
appears to be reasonably well specified and robust.

In these circumstances a single equation approach, using a number of
instruments for the interest rate differential, may be more robust than
simultaneous estimation.

The corporate sector model explains M4 as a fraction of total financial
wealth subject to relative rates of return. There are no effects from
output and the equation may be interpreted as modelling a simple
portfolio allocation decision. Conditioning on total financial wealth

appears to remove any need to account further for financial
liberalisation effects.




5 Opverall conclusions and summary

The results presented in this paper have extended previous studies of
the demand for M4 in two directions. First we have found good
theoretical and empirical reasons for disaggregating money into
personal and corporate sector balances [Congdon and Ward (1993) also
look at a personal sector M4 equation). Recent work on Divisia money
(Fisher et al, 1993) came to the same conclusion and the same 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 Mizon (1993) strategy for
encompassing the VAR. The novelty in our results is the use of
structural identification restrictions in both the long-run and the
short-run parts of the equation.

The results themselves confirm earlier studies by Hall et al (1989) in
concluding that wealth is an important explanatory variable for M4. In
addition we find that the wealth effects are different across sectors. In
the personal sector wealth 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 differences relate to the inclusion of significant terms from
interest rate differentials in accordance with our theoretical priors and a
much richer dynamic structure. Interest rate effects are usually very
difficult to establish in econometric models and the sectoral split may
play an important part in giving us these results. The richer dynamic
structure arises from encompassing a data-congruent VAR.

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.

Given that M4 data are available earlier than consumption data,
personal sector M4 may be a useful short-term indicator of
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
increase in M4 increases consumption. Both effects occur
simultaneously.

One implication of our results from both sectors is that if the
wealth-income ratio were to stabilise then so would M4 velocity. If the
change in the wealth-income ratio has reflected the process of financial
liberalisation then we may see M4 velocity becoming more stable in
future.

Overall these results are encouraging both in support of the underlying
analysis of broad money and for the modelling strategy employed. In
both sectors the empirical specification could be subject to many
variations in terms of data set, functional form and restrictions
although the results as reported are reasonably promising, especially
for the personal sector. Further work on the personal sector should
explore the theoretical linkages between consumption and money
demand and the possible role of credit restrictions in explaining the
short-run relationships.

The way forward for the corporate sector is less clear although a single
equation instrumental variable analysis may be more robust. Better
data on deposit rates would improve our estimates,and make
interpretation less problematic. The split between industrial and
commercial companies on the one hand and other financial institutions
on the other is also a possible avenue to explore although no differences

were found in the course of this work.




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 Bill rate average: Bank of England

Personal sector own-weighted interest rate on M4 - Fisher et al (1993)

Consumption deflator: CSO code DJBA/D]JDH

Corporate Sector:

Break-adjusted, seasonally adjusted M4: Bank of England

Total financial assets of the corporate sector: Financial Statistics Tables
14.2,143

London 3-month interbank rate - CSO code AMI]

GDP deflator: CSO code DJBA/DJDH
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