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ABRSTRACT

The object of the study is the construction of a quarterly rational
expectations financial model of the UK economy. Vithin this
approach the real sector is taken as given. It is hoped that a
model of this type will throw some light on the relationships
existing between the money supply, bank credit, interest rates and
the exchange rate. The estimation period rums from 1973 quarter 1
to 1680 quarter 4. The study also involves close links with a
wider study of tbe behaviour of these variables for other European

countries carried out at the University of Leuven, Belgium.

Ve commence by examining other studies of the UK financial
sector including those contained in the mainstream macroeconaometric
1 of thk: UE economy. Subsequently in chapter 5, a small scale
thecretical model is developed to illustrate the general mature of
the approack followed. Chaﬁters 4 and 5 deal with the estimation
of the portfoclio behaviour of the non-bank private sector and the
banking sector respectively. The estimation for the former sector
fcllows the same general methodology used in the Liverpool
macroeconomic model of the UK economy (i.e. a hierafchy of
portfolic decisions) rather than the standard Tobin/Brainard
approach. Tkhe banking sector portfolio decision meking process is

also estimated in ratio form.



Data sources are described in ciapter 6 and the complete model
is assembled in chapter 7. Thie chapter also includes i) the
processes generating the exogenous variables and ii) the assessment
of the model. In chapter 8 we exazine simulation of shocks to the
model and in chapter 9 discuss the potential for intervention by
the authorities in the foreign exchange markets. Our conclusions

are presented in chapter 10.
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ABBREVIATIONS

(cee alsc pages 208 - 210

Fote:
A = First difference of the variable
E¢ Expected value of the variable
(expectation formed at period t)
Ln = Fatural logarithmic value of the Variable
nbpe = non-bank private sector

= Foreign counterpart of the domestic variable

§Y/86X= The first derivative of Y with respect ta X

B = Government bonds held by the nbps
BE = Government bonds held by the banks
BLE = Government bords held by the Bank of England
B= = Total suppiy of government bonds
BLPUB = Bank lending to the public sector
BOF = Balance for official financing
(Balance of payments; = ARES)
BOES = Public Sector Debt held by the oversszs sector
BSCB = Public Sector Debt held by the Central Bank
CA = Current Account (Balance of payments’
CL = Lending by the Central Bank to the banking sector
CR = Intensity of credit restrictions )
D = Total £ bank deposits held by the nbps
De = § Bank depocits held by the nbps
DAS =

= Gross domestic financial assets held by the nbpe



DB = Bank Deposits beld by the Banks at the Central Bank

DCB = Public sector bank deposits held at the Central Bank

DCE = Domestic Credit Expansion

DGCB = & bank deposits held by the public sector at the Central Bank

DOs = ¢ bank deposits held by the overseas sector with the banks

DPS = & Bank Deposits held by the public sector at the banks

DS = & sight deposits held by the nbps at the banks

DT = & time deposits held by the nbps at the banks

F = Net overseas assets held by the nbps

FB = Fet overseas assets held by the banks

FLB = FHNet overseas liabilities held by the banks

FP = The forward premium on $s

FPPSD = Fixed price public sector debt héld by the nbps

FS = The forward exchange rate

Gilts = Variable price public sector debt held by the nbps

H = Total monetary base

HE = Monetary base held by the banks

L = & loans by the banks to the nbps

Los = Bank lending in & to the overseas sector

Ls = Bank Lernding in $ to the nbps

Lp = Liquidity premium on iong-term financial assets

X = Money (unspecific)

¥ = Narrow definition of money held by the nbps

LV = Broad definition of money held by the nbps

¥Oox§ - = Sterling + foreign currency deposits held by the nbps
with UK banks

HéNFRC = Money held by the nbpe demominated in foreignL currency

EAFA = PNet acquisitiorn of financial assets



KBPS
KC
¥CB
¥ba
¥DL
FOSPS
WVB
¥VOS
WWPS
oL

OTHER

PEXP
PSBR
R*
RC*
RD
RG
RL
RLE
RX
RSR
RES
RESID
RP

RW

The non-bank-private sector

Notes and coins held by the nbps

Fotes and coins held by the banks

Net domestic assets held by the nbps

Non-deposit liabilities of the banks

Net overseas assets of the public sector

Net worth of the banks

Net worth of the overseas sector

Fet worth of the nbps

Other liabilities of the banks

Fon-defined components of the balance of payments
Domestic price level

Expected price level

Public sector borrowing requirement

Uncovered foreign rate of interest

Covered foreign rate of interest

Rate of interest on bank deposits

Rate of Interest on govermement debt

Rate of interest on bank loans

Long-term rate of interest

Money market rate of interest

Short-term rate of interest

Stock of foreign currency reserves beld by the Central Bank
Non-defined components of wealth of the nbps

Risk premium on foreign assets

Real value of financial wealth of the nbps (i.e.¥V/P)

Spot exchange rate (& per $1)



SPECD = Special deposits held by the banks at the Bank of England
T = Time

TBL = Total Bank lending in &

v = HNominal financial wealth of the nbps

Y = FNominal GDP

YEXP = Expected real GNP



CHAPTER 1 INTRODUCTION

The aim of this study is the construction and estimaticz of a
quarterly financial model of the UK economy for the period 1373 to
1980. At the outset it should be emphasised that this is a partial
equilibrium model taking the real sector as given. Ve bope that
this model will be able to highlight certain key issues which are
at the forefront of current macroeconomic thinking. In particular
the model should be able to deal with the determination of the
money supply and its interaction with bank credit. It should also
be able to deal with the interaction of the exchange rate, monetary
policy and expectations, the determination of interest rates and
the influence of overseas monetary conditions. Furthermore the
model should reflect the UK institutional environment relevant to
the observation period. A particularly important application of
suck a model is the -evaluation of the effect of dilferent

intervention policies in the foreign exchange markets.

Ve selected tﬁe years 1973 to 1980 because of the existence of a
relatively homogeneous financial environment within the period.
The then-néw system of Competition and Credit Contrzl was
introduced in September 1981 and continued, though with amezimente,
until 1981. Similarly the floating of sterling in the spring of
1972 heralded the introduction of a regime of generalised iloating
exchange rates. It would be expected that the new arrazrements

would take some time to settle down so0 we selected zs the



observation period the first quarter of 1973 to the last quarter
of 1980. Ve do, of course, recognise that environmental changes
took place within this period ( such as, for example, the
introduction of supplementary special deposits and the abolition of
exchange controls) but would, nevertheless, argue that the period

selected is sufficiently homogeneous for the purpose in view.

One of the dangers of such an ambitious project is to go
overboard in the extent of detail, incorporating all the
institutional factors and presenting & final model containing a
morass of detail which obscures the essential economic relevance of
the exercise. On the other hand there is the possibility of
over-simplification which necessarily hides the principal chain of
causation defeating the object of the study. For example the
exclusion of the behaviour of the banking sector in a model leads
inevitably to the assumption that the money supply (or monetary
base’ is exogenous in the sense that it coulcd be controlled by the
authorities should they so desire. In attempting to strike a fine
balance between these two dangers, the level of aggregation has
been determined‘by the principal questions posed by such a model.
For the UK any model financial or otherwise must recognise the
openness of‘the economy and alsc must incorporate the interaction

betweer the balance sheets of the public and private sectors.

Three major strands of current macroeconomic thinking lie at the
heart cf +the theoretical specification of the model. First,

portfoiic balance of the banking and norn-bank private sectors



assumes a critical role. Second, the model differs from
traditional portfolio balance models since bank lending is an
important variable in the portfolic choice. In this connection,
the model owes much to the theoretical credit market models
developed by Brunner and Meltzer. Third, and perhaps the most
novel feature, is the adoption of the rational expectations
hypothesis within the model. Expectations are rational in the
sense of Muth [1960] in that the expectations formed by economic
agents are consistent with the predictions of the model used to
explain their bebaviour. In this particular model the expected
value of the exchange rate is consistent with the model predictions
of that variable. One of the major arguments raised against the
rational expectations hypothesis is whether it is being assumed
that the relevant agents know the structural parameters of the
complete model. Clearly such an assumption cannot be literally
true since as Schiller (19781 (page 34) points out "while it may be
sometimes useful as an expositional device to assume that agents
bave this much informatioﬁ, the assumption cannot be taken
seriously. If economists are only now discovering these models, we
cannot seripusly propose that everyone else knew them all along®.
Our response to this argument is to suggest that we are trying to
model explicifly the imperfect bunches of smart market operators.
In this sense we are appealing to the 'as if' clause and not
necessarily assuming that agents know the full model. Ve alsc
assume that the parameters of the model are constant but that
éxpectations of future exchange rates are formed rationally.

Consequently, we are not able tc claim that we are meeting the full



force of the 'Lucas' critique that tbhe equation coefficients within
a model should not be invariant to changes in the policy regime.
This caveat must be borne in mind in any assessment of the policy

simulations reported in chapters 8 and 9.

The plan of this study is as follows. In chapter 2 the
financial sectors of existing mainstream macroeconomic models of
the UK economy are surveyed. In chapter 3 a simple stylised
portfolio balance model is presented in order to provide the
flavour of the approach adopted in advance of the estimation of a
more detailed empirical model described in chapters 4 and 5. In
chapter 6 the data sources are described together with the
processes defining the projection of the exogenous variables. In
chapter 7 the model as a whole is considered together with its
tracking ability. Simulation experiments are reported in chapters
8 and 9. These cover examination of the effect 0of shocks on the
excrange rate and the extent to which the authorities can modify
the impact of these shocks sy intervening in the foreign exchange
markets. The general conclusions reached suggest that both
sterilised anc non-sterilised intervention will affect the exchange
rate but that the cost in reserves may be excessive. In chapter 9

we review the study as a whole.



CHAPTER = EMPIRICAL STUDIES

OF THE UK FINANCIAIL SECTOR

2.1 Introduction

In this chapter we review existing studies of the financial
sector of the UK economy. These empirical studies can be divided
into two groups; 1) studies which are part of a complete
macroeconomic model and ii) isolated  studies of the
monetary/financial sector of the UK economy. Ve commence by
examining the financial sector of the main mecroeconomic models of
the UK economy in sections 2 to 8 and subsequently in sections

9 and 10 the other type of studies.

There are a large number of macroeconomic models of the UK
economy in curreﬂt use. However mary of these models are treated
as confidential so we concentrate on those models which have been
the subject of widespread comment in the news media or those which
are considered to be relevant for cther reasons (e.g. the Bank of
England models). The models ' discussed below are those
constructed at the Treasury, the Bational Institute of Economic
and Social Research, the London Business School, the Cambridge

Economic Policy Group, the University of Liverpool and the Bank of
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Engzand. In terms of basic pbilosophy, the Treasury, HNational
Inst:itute and Bank of England models are generally regarded as
Keyresian and the London Business School model as monetarist though
none of them takes an extreme position. In contrast the other two
modeils take a more radical view though from opposite sides of the
fence. The Liverpool model reflects the views of the 'New
Classical' school whereas the Cambridge model adopts the extreme
Keynesian viewpoint. It is important to realise that each of the
models is evolving over time and the description below refers to
how the models looked in the recent past. An econometric model is
a complex structure so considerable simplification is necessary to
sunmarise the mass of detail coherently. This is particularly
relevant to the transmission mechanism whereby monetary effects are
transmitted to the real sector. In order to simplify the
exposition, there are a number of differences ©between the
presentation in this chapter and that in the original literature.
First a standard form of notation will be used. Second details of
lags and of dummy variableé (for special events and seasonal
influences) will be omitted from the discussions. Third in many
instances it is not particularly critical whether or not the
equation is estimated in logarithmic form so this fact will only be

mentioned if the circumstances warrant it.

or the remaining type of studies, in section 9 we review
estimation of mearn variance portfolio models of the UK financial
secticr and in section 10 further studies including a structural

Porztiolio model of the UK fimancial sector.
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2.2 The Treasury Model

The monetary sector of the Treasury Model is of recent
development with the 1979 edition of the technical manual being the
first to incorporate experimental models of the financial sector
and external capital flows. Subsequently these sectors became more
firmly integrated into the model and the following discussion is
based on the version of the model incorporated in the 1982
technical manual. Compared with other models, the sectors dealing
with the financial aspects and external capital flows are quite
large consisting of some 70 or so equations. It shares this aspect
with the Rational Institute and Bank of England models.
Disaggregation within the financial sector extends to consideration
0f the banking, non-bank private and overseas sectors. The basic
instrument of analysis is.thelconsolidated balance sheet of each of
these sectors involving specification of their desired holdings of
assets and liabilities. The main (i.e. income/expenditure or real)
model generates éaps between the income and expenditure of the
different sectors. These deficits and surpluses are allocated by
the financiai model between the various assets/liabilities whilst
€lill preserving the balance sheet equality between assets and

iiabilitiee for each sector.

The basic structure of the financial behaviour of the non-bank

Private sector is demonstrated below in figure 2.1 extracted from
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HMT (1982]1. Liabilities of the private sector are mainly sterling
bank borrowing and net overseas and foreign currency liabilities
with the latter being determined within the capital flows sector of
the model. Once gross financial wealth is determined it is tken
allocated to the various assets mainly according to relative rates
of return but activity variables also play a role. In this version
of the model the balance sheet identity is achieved by treating
holdings of gilts as the residual asset. The supply side of the
monetary aggregates is based mainly on the behaviour of the banks
which are assumed to be oligopolistic price setters who accept all
deposits offered at the rates of interest set (zero in the case of
sight deposits). Their discretionary assets consist of bank
lending to the private sector and their holdings of cash, local
authority temporary money, gilts and reserve assets as well as
their net foreign asset position. ¥ithin their balance sheet,
holdings of <certificates of deposit are determined by the
requiremernt that the paraliel money markets clear at existing rates
of interest. Consequently £he banks' balance sheet identity is
achieved by wvariation in special deposit calls though in the
Present system of'monetary control, this imn practice represente the

scale of intervention by the authorities in the money market.

Vithin this framework, the key equations requiring further
amplification are those explaining the non-bank private sector's
holdings of sterling M3 and bank lending to the private sector.
Before dealing with these it is worth mentioning that the non-bank

Private sector's heoldings of liquid assete such as notes and ccirns



Figure 2.1
The financial bebaviour of the non-bank private sector
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public sector debt other than gilts and also Xi are essentially
demand determined depending on such variables as the price level,
own and competing rates of interest and wealth or activity
variables. In a similar way bank holdings of cask, local authority
temporary money, gilts and excess reserve assets are mainly demand
determined. Reverting back to the key equations, sterling bank
borrowing is disaggregated into three components; 1) lending to
persons, 1ii) lending to industrial and other companies and 1ii)
lending to other financial institutions. For all three categories
bank lending is essentially demand determined with little or no
allowance for supply side factors. For lending to persons the flow
0of bank lending depends positively on lending. in the previous
period, real disposable income and net financial wealth and
negatively on the rate of lending to persons and also on the price
level. Similarly bank lending to the other two categaries is
purely demand determined depending on such factors as own and
competing rates of interest apd income/output variables. Also in
the case of bank lending to companies it depends positively on the

gap between the short term rate of interest and the own interest

rate.

Turning to‘the asset side one of the most important assets is
non-bank private sector holdings of sterling MC which depends on
final expenditure, interest rates and the returrc on money relative
tq that on gilts = Other holdings of public sector debt are
easiliy dealt with. The flow of national savings ic¢ a function of

the personz! sector's financial surplus. Holdinge of certificates
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of tax deposits are a function of corporation and petroleunm tax

accruals.

The determination of interest rates hinges around the short-term
rate of interest, which as far as this model is concerned, is the
three month Treasury bill rate. This is set exogenously in the
model though in simulation experiments it may be treated as
endogenous by allowing it to vary within the experiment until a
target for another variable such as the growth of the money supply
is achieved. Other rates of interest are set relative to the

Treasury bill rate by a mark-up process.

2.3 The National Institute Model

The precise version referred to in the following description is
that described in 'National Institute Model 6' (NIESR [1983]). This
model contains a fairly detailed description of the supply side of
the monetary sector. However the transmission mechanism does not
provide for money to have very sirong effects on the real side of

the model.

The general strategy followed by the NKNIESR is to model the
supply side of the monetary process. Fo simple demand for M3
function is included in the model no doubt because of a prior

belief that the effect of monetary expansion on the real secter
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depends critically on the credit flow which brought the monetary
expansion about. Hence emphasis is placed on disaggregating money
into its constituent credit flows. Explanation of monetary changes
hinges around two identities; finance of the PSBR and the identity
specifying M3:

PSBR = 6B + ANC + ABLPUB + Other 2.0

where AB = flow of non-bank private sector

lending to the public sector
aRC = change in notes and coins held by

the non-bank private sector

ABLPUB = flow of bank lending to the public
sector
Other = other exogenous items such as, for example,

external financial transactions and dealings

in bills
In this identity PSBR is given from the real sector of the econamy.
Behavioural equations are incorporated to explain AE and alC so
that ABLPUR is treated as the.residual. The definitior of changes
in broad money i.e. M3 is:

aK3 = ABLPUB + al - aOL z.2)

where AL fiow of lending to the non-bank
private sector
0L = change in other liabilities of the
banks.
As far as the right band side of (2.2) is concerned, AJL is treated

as exogenous, ABLPUB is the residual from (2.1) and behavioural

eguations explain AL. Vithin this framework the key ecuations are
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those explaining sales of public sector debt to the private sector
4B) and bank lending to the private sector (AL, The following
examipation concentrates on these two functions and it is necessary
merely to note that the quantities of K1 and AFC are essentially
demand determined. Both equations fcllow the error correction
model = - a feature shared by many of the equations in the National
Institute model. The short-run structure for both equations was
freely estimated. In the case of the Kl equation there is a steady
state property of unit elasticity of N1 with respect to nominal
income and a long-run property that the ratio of M1 to nominal
income varies inversely with the level of short-term rates of
interest. In the case of the ANC the equation shows steady state
unit elasticity of currency with respect to consumer expenditure

and also the ratio of currency to consumer expenditure declining

over time due to institutional changes.

The flow of non-bank private sector lending to the public sector
is disaggregated into two components; i) net sales of national
savings and ii) net sales of all other types of debt. The first
component is treateﬁ as exogenous and total non-bank private sector
lending to the public sector (AB) depends on i) the level of the
Consol rate, ii) the differential between the Consol rate and a
short-ternm rate of interest and iii) the cumulated sum of net
8cguisitions of financial assets as & proxy for wealth. Clearly
tﬁis variable (aB) is demand determined on the not unreasonable

assumption that the authorities sell as much debt as they can given

the structure of interest rates.
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Bank lending to tke private sector 1s disaggregated ir:2 six
categories of loans: to industrial and commercial companies, to the
personal sector <{(excluding house purchase), to the personai sector
for house purchase, toc other financial intermediaries, transactions
in bills of exchange by the Bank of England and residual loans.
The last four categories are treated as exogenous but behavioural
equations are estimated for the first two components. Both
equations follow the same general form of a stock adjustment
equation with the flow of bank advances depending on the stock of
advances in the previous period. Additional explanatory variables
are i) an appropriate activity variable, ii) the net acquisition of
financial assets by the sector concerned as determined in the real
sector of the model and iii) own rate of interest and rates on
alternative sources of finance. The main thrust of these equations
is that bank lending is demand determined. Nevertheless some
allowance is made for a supply side influence since both eqiations
include dummy variables to capture the effects of the introduction

of Competition and Credit Control.

Turning now to the question of interest rate determinaticz, the
Pivot of the ‘interest rate structure is the Treasury bill rate
which is forecast exogenously. All other interest rates are :jinked
directly to the Treasury bill rate. For example the bank'lending
rate is linked to the lagged value of the certificate of Zzposit
rate which in turn is set equal to the Treasury bil. rate.

Similarly the change in the Conscl rate depends positively om
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lagged values of both the change in the Treasury bill rate and the
rate of inflation. Clearly the structure of interest rates is

largely independent of monetary conditions.

2.4 The London Business School

Model

The financial sector of the London Business School model is
quite small in comparison with the two models surveyed in the
previous sections. Two functions dominate this sector, namely i0
money supply creation and ii) interest rate determination. Many of

the equations in this model follow the error carrection approach “.

The determination of steriing M3 starts from the public sector
borrowing requirement after removing the effects of changes in the
balance of paymeﬁts. Ko attempt is made to model the various
componernts of finance for the PSBR and the more simple expedient is
adopted of using the ratio of the PSBR to the nominal stock of M3
as one of the determinants of the change ir M3. The form taken by

the eguation is:
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aM3 = fn(PSBR/M3; M3; RM-RSR; FAFA/M3; ARL;Time; IPSBR > 2.3

where RLR = the long-term rate of interest
RX = the return on money
KAFA = Net acquisition of financial assets
IPSBR = the cumulated value of PSBR
This equation includes both demand and supply influences. Two

further supplementary equations explain the non-bank private
sector's holdings of i) notes and coins and ii) time deposits. The
flow demand for notes and coins is a transactions demand depending
on the lagged value of the stock of notes and coins, consumer
non-durable expenditure and the long-term rate of interest. The
ratic of the stock of time deposits to bank deposits is specified
as a function of the rates of interest on i) time deposits
(positively) and building society deposits (negatively). HNeither

of these two equations influences expenditure in the real sector.

Apart from the determination of interest rates, three further
aspects of the monetary sector remain to be examined: i) the
determination of domestic credit expansion, ii) the flow of bank
lending to the private sector and 1iii) the behaviour of the
building socie{ies. Domestic credit expansion is always a constant
percentage of the FSBR and does not have any independent influence
OL expenditure or the money stock. Specification of the flow of
bénk lending equation follows the error correction model so that in
long-run equiiibriumr the ratioc of the stock of bank advances tc

Consumer durable expenditure is a function of tax relief on bank
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advances. Behaviour out of equilibrium depends on similar
variables so that the flow of bank lending is meinly determined by
the demand for credit. Building societies are the financial
intermediaries explicitly considered within the model - their
lending is relevant because it is one of the determinants of
housing starts. Real deposits with the building societies depend
on i) real disposable income ii) the rates of interest on deposits
at the societies and at the banks and iii) the long-term rate of
interest. Real advances by building societies depend on lagged
increases in deposits and shares at the societies and the rates of

interest charged on such loans.

Determination of short-term rates of interest depends critically
on the three month Treasury bill rate with other rates (i.e. those
on bank deposits, M3, deposits with local authorities and the banks
base rates) following a simple mark-up process. The Treasury bill
rate dependc or ite own past values and the Eurodciiar rate. The
long-term rate of interest fConsol) depends on its own lagged
values and past inflation. Therefore as in the National Imnstitute
model, the various rates of interest influence monetary conditions

but are not directly affected by them.

2.5 The Cambridge Economic Policy

Group Model



In this model the monetary sector appears almost as an appendix.
It is influenced by the real sector but does not transmit any
influence of its own. The precise version of the model referred to

is the technical manual, sixth edition, Coutts et al [1980].

The cursory treatment of the monetary sector is exemplified by
the fact that it consists only of five equations of which two are
definitional or quasi-definitional. Apart from identity (.4
below the equations incorporate a time trend of the general form

Y=a+ bl +tu
where a and b are constants estimated from the data by ordinary
least squares. The financing of the public sector borrowing
requirement is described by:

AB = PSBR + BOF - ANC - ABLPUB 2.4

where  BOF = balance for official financing

all other variables as before
The size.of the PSER is determined in the rest of the model by the
gap between total public seétor expenditure and revenue. The
specification of this identity is the subject of a curious twist in
as much as changes‘in i) bank lerding to the public sector (aBLPUB)
and iidcurrency held by the private sector (ANC) are treated as
exogenous. Since the size of BOF is given from the external sector
tkis approack permits private lending to the public sector to be
treated as the residual component in the financing of the FPSBER.
This is a significant departure from the traditional approach which
treats bank lending to the public sector by way of 'reserve assets'

2% the residual component of the public sector's finance.
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Sterling M3 is then determined by:

¥3/Y = £~(BLPUE + EC)/Y; CR) 2.5

where Y noxinal GDP

CR

degree of credit restrictions in force

The first explanatory variable represents the liquidity of the
barxs. This equation, like that for the London Business School
moiel, is a mixture of both demand and supply influences but a
notable omission is any interest rate variable. A second identity
tben explains domestic credit expansion as the change in sterling
M3 minus the basic balance of payments. Two interest rates are
determined within the model; minimum lending rate (MLR) and the
yield on war loan (RG). These rates are only marginally influenced
by monetary conditions and are explained without any reference to

gavernment macroeconomic policy. The two equations are:

¥LR - R* = f~(BLPUB/M3) 2.6)
ELR = £~ (MLR; Time> 2.7
where R* = Eurodollar rate of interest. The wvariable

BLPUB/M represent domestic bank liquidity and the higher the

value of this the lower will be the rate of interest.

2.6 The Bank of England Main

Model

This is a large scale model consisting of some 650 or so

eg.ztions. It ie a quarterly model and unlike many other models
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uses data which 1s already seasonally adjusted. Many of the
behavioural equations have coefficients "wiich are partly or wholly

imposed judgementally" (Bank of England {19791 page 10).

The basis of the financial sector is flow of funds analysis with
the sectoral surpluses generated in the real sector being allocated
to the various financial assets. The relevant flow of funds matrix
is shown in table 2.1. Before commenting further, it is worth
noting that there is no explicit demand for money function. Such a
function is however implicit since hoidings of money must be
consistent with the holdings of the other assets/liabilities
specified in the model. 'Supply side influences on money arise
mainly through modelling the financing of the PSBR. Further,
unlike the Treasury model, there is no explicit role for wealth in
decisions concerning expernditure or asset selection. Consequently
asset revaluations due to interest rate changes play no role in the
model. Permanent non-grant income does appear in some portfolio
equations but the proxy for permanent income is based on a weighted

average of disposable income minus personal income.

in view of the large size of the filow of funds matrix - some six
sectors and twenty five types of instrument - some selection is
inevitable in the following description of the financial sector of
trlis model. The Bank of England itself selects the most important
functions as; 1) persons net acquisitior of liquid assets, ii)

sales of gilt-edged securities, iii) bank lending and iv> flows
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into building societies. These are therefore the functions
selected for furtiber examination. In all the relevant eqguztions
portfolio restrictions are maintained by imposing restrictiocs on
the interest rate coefficients such that over the period of the lag
they sum to zero. Consequently changes in interest rates produce
once-and-for-all rather than persistent changes in the desired

composition of the portfolic.

The personal sector's net acquisition of liquid assets is based
on two principles; a desired long-run position and a desired
short-run position. In the long run desired holdings of net liquid
assets are a constant proportion of nominal permanent non-grant
income. Short-run desired holdings depend positively on i) current
period savings, ii) the gap between the current desired long-run
position and actual boldings lagged one period and iii) the gap
between current non-grant income and nominal permanent non-grant
income. Vithin this total there are equations explaining other
components e.g. the change in deposits held with other financial
intermediaries <(except Building Societies) is constrained to a
ratio of 0.1 of the‘change in bank deposits. The residual ir the

net acquisition of liquid assets is the flow into bank deposizs

Domestic finance for the PSBR is obtained through issues ci 1)
notes and coins, ii) short-term debt, iii) lomg-term debt azi iw)
bank finance which is the residual. The stock of notes is demand
determined depending on  consumer non-durable experiizure

(pogitively) and the long-term rate of interest (negatively).
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Take-up of long-term debt for each of the three sectors is
specified by an equation taking the following general form:
a(B/P> = f~(RLR; RLR-RSR; AFEXP) 2.8)

As mentioned before the value of the coefficients for the lagged
values o©of each of these variables sum to zerc representing
portfolio considerations. Additional variables appear in each
sector's equation: the gap between desired long-run and actual
short-run holdings of 1liquid assets for the private sector;
domestic bank deposits for industrial and commercial companies; the
private sector financial surplus for other financial institutioms.
Sales of short-term debt to all three sectors follow a similar
structure based on the size of the financial surplus and recent

movements in rates of interest.

The behaviour of the banks within the model is entirely passive
in the semnse that i) the supply of bank deposits is the sum of
sectoral row residuals in the flow of funds matrix and ii) bank
lending is the sum of the various sector's demand for bank loans.
In general terms real bank lending for all three sectors follows a
similar pattern being dependent on an activity variable and the
real rate of interest (proxied by the nominal rate minus the
expected rate ‘of inflation). In the case of other financial
institutions no activity variable is included but the return on
government securities appears as an additional explanatory
variable. All the lagged coefficients for the interest variables
sum to zero in accordance with portfolio theory. For the output

coefficiernts the sum ie less than zerc implying that when output iz
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increasing (or transitory income is greater than permanent income)
barnk lending will decrease. However the initial two coefficients
are signed positively so that the impact effect is perverse but

this is more than offset in the long runm.

The final major financial flow to be considered relates to the
behaviour of the building societies. Net inflows into the
societies depend mainly on i) real disposable income, ii) the gross
rate of interest on ©building society deposits and {iii)
differentials between this and other rates. The flow of net real
mortgages is a weighted average of supply and demand factors with
supply factor taking most of the weight. Demand factors are
captured by real income and housing prices relative to consumer

pPrices.

Ve now turn to discussing the determination of interest rates.
Monetary influences affect interest rates indirectly through
expectations of future changes in price levels. Expectations of
future inflation are modelled in two ways. First price based
expectations are defived from the past behaviour of prices modified
by expectations of the future behaviour of the exchange rate which
is ip turn infiuenced by the relative rate of monetary expansion in
tke UK comparedi with that in the USA. Second monetary based
expectations are modelled to depend positively omn i) previous ratec
of monetary expansion in the UK and 1ii) the expected rate of
monetary expansion proxied by the currert pace of DCE and expected

changes in foreign reservecs. The pivotal short-term rate of
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interest is the three month local authority deposit rate. This is
determined by the Eurodollar rate (with a weight equai to 0.5) and
price expectations <(both price and money based) with a combined
weight equal tc 0.2 plus a constant term. This rate is also
influenced by changes in reserves in the previous period
(positively) and by pressure on the exchange rate - pressure for an
appreciation leading to an easing of the interest rate. The
long-term rate (i.e. the yield on 20 year gilts) is related to the
short-tern rate, price based expectations of inflation and to the
scale of the PSBR relative to nominal GDP. The clearing banks base
rate and the three month sterling certificate of deposit rate are
directly related to the short rate via the 'mark up' principle.
Building society rates are also linked to the pivotal short rate
but with an allowance representing their reluctance to change rates

too frequently.

2.7 The Bank of England Small

Monetary Models

in additionr to the main models the Bank of Engianc bas developed
two small scale monetary models; one annual (Coghlan [1978]1) and
the other quarterly (Hoffman [19801)>. The monetary sectors in both
these models are closely integrated into the other sectors of the

models so that "it is not possible tc make any distirnction between
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money/finance and income/expernditure markets"™ (Coghlan [1979] page
2). Estimation follows the specification of the error correction
model with many variables appearing in the egquations in first
difference form. The models cater for disequilibrium situations
with the 1transactors being pushed off their demand functioms.
Consequently monetary variables appear in the private expenditure
and price equations in the form of first differences or rates of
change. Vhen equilibrium is re-established these variables drop
out so that the level of expenditure is independent of the quantity

of money.

The basic identity underlying these models is that defining the
changes in the money supply (defined as sterling M3 minus public

sector deposits) i.e.:

a¥ = PSBR - AB +al + CA - AF - AOL - ADG 2.9
where OL = net non-deposit liabilities of the
banks
F = Stock of overseas assets held by the nbps
DG = Public sector bank deposits (all currencies)
CA = currént balance of payments.

40L and aDG are treated as exogenous. Both the quarterliy and the
annual model consist of nine equatione and all other components of

identity (2.9) are explained within the model.

Discussion begins with the annual model. The PSBR is defined in
the customary manner with real government expenditure, average tax

ratez and transfers Dbeing +treated as exogenous. Sales of
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government bonds are essentially demand determined with an eguation

of the following functional form:

(aB/EP)y= f~(RG; RLR*; ARLR*; ARSR; M/EP; L/M) .10
where EP = nominal private expenditure

RLR = long-term rate of interest

RSR = short-term rate of interest

all other variables as before
The 'interest rate terms reflect returns on bonds and competing
assets though it is perbaps surprising that the level of interest
rates is used for the domestic long-term rate of interest since
portfolio theory would suggest that the stock of bonds held depends
on the 1level of interest rates. The last  two terms are
‘disequilibrium' terms representing the “fact that the demand for
debt is considered in the context of a portfolio that includes bank

loans, money and real goods " (Hilliard [19801 page 7).

The flow of bank lending-to the private sector is defined by an
equation similar in structure to that specifying bond sales:

(aL/EP) = £(D; AS; AEP; RLR; M/EP) 2.1

where D = total bank deposits

S

1

the exchange rate

all other variables as before
In addition dummy varisbles are incorporated to capture the effects
of lending restrictions, special and supplementary special
deposits, direct credit controls and the pressure 0of deman:d. The
variable M/EF is a disequilibrium term with the same raticraie as

in the bond sales ecuation. a3 is justified as an expectziional
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variabie with an appreciation fostering favourable expectations for
the eccnomy. The rate of change of expenditure (AEF) is justified
by ar appeal to the accelerator mechanism since "there is a
financing mechanism prior to the actual delivery of goods"
(Hilliard (19801 page 7). Interest rates have proved to be a
problex in estimating this equation. The rate on bonds originally
appeared with a positive sign. This caused simulation problems
since a rise in the rate of interest increased bond sales reducing
monetary growth but it also led to an increase in bank lending
which offset the former effect. Attempts to include the own rate
of interest were unsuccessful so the sole remaining interest rate

effect is the world long-~term rate of interest.

The surplus/deficit on the current account of the balance of
paymertis arises from the equations specifying exports and imports.
These are fairly traditional demand type equations with the flow of
goods depending on i) relative prices and ii) demand variables.
Private sector capital flows are mainly determined by domestic
credit expansion relative to nominal private sector expenditure
botk here and in t‘he USA. The rationale for this is that the
higher DCE is relative to expenditure the greater the ability to
invest abroad. | Other determinants are i) changes in the current
accouzt and 1i) exchange rate expectations proxied by current
movemerts in the exchange rate. The equation therefore takes the

following form:
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AF = £~(DCE; EP; DCEWS); EPWUS); CA; aAS) 2.12»
where AF = private sector capital inflow
all other variables as before and US indicates an American

Variable

A single equation determines private sector real expenditure.
This captures the monetarist (Friedman school) principle that money
affects both prices and real output in the short rumn but only
prices in the long run. This is achieved by including in the set
of dependent wvariables i) the long-term rate of interest and ii>
changes in current and lagged values of real balances and rates of
interest. Consequently long-run equilibrium output is independent
of the money supply but dependent on the long-term rate of
interest. In its turn the long-term rate of interest is set at a
fixed differential above the corresponding rate in the USA and is
therefore independent o0f monetary influences in long ruxn
equilibrium. In the short run, however, the long-term rate of
interest can be driven away from the fixed relationship by changes
in i) the short rate ii)> the rate of inflation, i1i) in the
exchange rate and i§> in foreign currency reserves. The shert-terk
rate is treated as a policy variable and is therefore formally

eX0genous.

The price equation specifies the rate of inflation as being
dependent on 1> the level of the ratio of the money supply tc
nominal private expenditure, ii) the rate of monetary expansicn and

iii> changes in sterling import prices, private sector res’

(=8
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expenditure and the nominal short-term rate of interest.
Elimination of variables expressed as rates of change etc. produces
an equation specifying a long-run relationship between the price
level and real private sector expenditure. An alternative
explanation for this equation is that it represents an implicit
demand for money function of the following form:

(M/P)< = oEP*® (2.13

There is no direct provision for the transmission of monetary
changes via the exchange rate which is determined by a reaction
function. The basic idea in estimating this equation was the
consideration of a range of variables representing possible final
and intermediate targets. Selection was made according to the
performance of the variable concermed. Four influences were found
to be significant. These were i) UK sterling prices relative to
dollar prices, 1ii) the level of capacity utilisation, iii) the
current account of the balance of payments deflated by nominal
private sector expenditure and iv) the amount by which the domestic

long-term rate of interest exceeds the world rate.

The quarterly model follows the same basic principles though
with some differences of detail, For example the bond-sales
equation omits the disequilibrium variable (BL/X) but includes new
variables such as 1) exchange rate changes and ii) UK inflation
rates relative to those in the USA. These last two variables were
used to represent market confidence. Similarly the bank-lending

equation omits the special deposite dummy variables and also the
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disequilibrium variable (M/P). The rate of interest is not
included as a determinant of private sector expenditure in the
long-run equilibrium but does appear in the long-run implicit money
demand function. The consequences of these changes are fairly
small and do not affect the basic hypothesis that money alters
prices and real expenditure in the short run but only prices in the

long run.

2.8 The Liverpool Model

In contrast with the other models discussed in this chapter,
apart that is from the Bank of England small monetary model, the
Liverpool model is a small scale annual model consisting of some 20
or so equations. Consequently uniike the Treasury, Bank of England
and National Institute models there is no detailed specification of
flows of funds between the various sectors. Rather long-run
portfolio growth conditions are required. The model was first
published in Minford, Brech and Matthews [1978] and the version
described below is' contained in Minford, Marwaha, Matthews and

Sprague [19841.

Because the underlying raticnale of the Liverpoocl model is
fundamentally different from that of the other models so far
examined, it is necessary to look at these differences before
discussing the monetary sector of the model. First, it is an

equilibrium mcdel and markets are assumed to clear in an 'ex ante'
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serse. That is agents are assumed to agree wages over the coming
contract period which equate expected demand and supply. Errors in
expectations may lead to 'ex post’ excess demand or supply but such
errors will become one of the factors affecting the next contract.
Second expectational variables are widely used in the model and are
assumed to be generated according to the rational expectations
bypothesis and are therefore model predictions of the relevant
variables. Third, and closely related to the previous point,
financial markets are assumed to be efficient so that expected real
returns for similar types of assets are equal across domestic and

in some cases foreign markets.

As noted earlier interest rate determination within the model
reflects the efficient markets hypothesis in two directions. First
the 'strong' Fisher hypothesis so that both the short-term and the
long-term rates of interest are equal to the real rate plus the
relevant rate of inflation: Second, efficiency in the foreign
exchange markets is assumed so that the two interest rates are
equal to their US counterparts after allowing for the relevant
expected real excha;nge rate change. Consequently domestic real
rates of interest are determined by the exogenous world rates
together with the expected change in the real exchange rate.
Demand for goods will also be influenced to the extert that the

rezl rate of interest changes.

The monetary sector of the Liverpocl model is quite small with

nc specification o the behaviour of the banking system. The
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precise details of the sector vary according to the exchange regime
which applies. In the fixed exchange version of the model the
supply of money is determined by demand with foreign currency
reserves acting as a slack variable to absorb the difference
between money demand and domestic credit. This adjustment takes
place via the capital account of the balance of payments which is
not explicitly modelled. [Equilibrium is ensured by Walras's law
given that the remaining markets are in equilibrium. The demand
for money function is expressed in ratio form with the ratio of
money demanded (in real terms) to total financial wealth as the
dependent variable. This ratio depends on total wealth
(negatively), the short-term rate of interest (negatively), the
price variance variable (positively) and a time trend (positively).
Since financial assets can be held in the form of money or bonds,
the money demand equation also implies a2 demand for bonds functionm.
The situation changes for the floating exchange rate regime where
the money supply is controlled by the government. The precise
procese is a feedback rule with the percentage growth in the money
supply being determined by the equilibrium budget deficit as a
percentage of GNP énd the equilibrium rate of inflation. The

previous money demand equation applies.
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2.9 Mean—Variance Portfolio
Studies of the UK Financial
Sector

A number of studies following the Tobin/Markowitz mean variance
approach portfolic bhave been carried out with the purpsse of
explaining the behaviour of the banking sector. These include
Parkin, Gray and Barrett [1970], Courakis [1974], Vhite [1975],
Bewley [1981] and Spencer [1984]. The objective of these studies
was limited to the explanation of the quantities of the various
assets held whilst treating the structure of interest rates as

exogenous.

Parkin et al studied the behaviour of the London Clearing Banks
for the period 1953 to 1967 using quarterly data. The endogenous
items of their balance sheets comprised call ioams, Treasury bills,
commercial bills and bonds. All other items including bank
advances were treated as exogenous. The normal balance sheet
constraints were inéorporated in the equations together with the
assumption of symmetry due to the assumption of normality.
Consequently thé estimated equation system took the following form:

Yo = 8Re + AXe + yI e, 14)

with the following balance sheet constraints

i The matrix 6 was symmetric

ii i'e = 0

iii 1"

i}
|
[
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iv i'y =0
v ¥i' = 0 (no constants were included)
where:
Y = a vector of endogenous variables
R = a vector of relevant interest rates
X = a vector of relevant exogenous variables.
I = relevant dummy variables

The expected rates of interest were proxied by quarterly
averages of actual interest rates set at the end of the relevant
thirteen weeks, Assets appearing in the equations were in real
terms being deflated by the implicit GDP deflator. Satisfactory
estimation results were obtained with six out of the ten
independent interest rate coefficients being significantly
different from zero. However there appears to be one oddity in the
resulte in that Treasury bills and commercial bills are complements

rather than substitutes

Courakis [{1974] provides a more detailed study of the portfolio
decisiors of the Loﬂdon Clearing banks using the same data and time
period as Parkin et al [1970]. The classification of the balance
sheet assets/liabilities into exogenous and endogenous variables
was alsc the same. The greater detail concerned the assumptions
underlyiag the utility function. Estimating equations were derived
from becth 1) a quadratic utility function and ii) the negative
exponestial utility function mnoting the fact that the negative

exponential function implies absolute risk aversion i.e. that the
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degree of risk aversion is invariant to changes in wealth. A minor
difference between the two studies was that utility functions in
the Courakis study were expressed in terms of expected wealth
whereas those in Parkin et al were in terms of expected profits.

These two approaches should however be equivalent.

In addition a distinction was made between what Courakis called
myopic and non-myopic models. In the former case, in addition to
the normal balance sheet constraints, the effects of the exogenous
variables on specific endogenous variables were constrained to be
equal for all exogenous variables. The rationale for this
additional constraint is that banks are concerned only with the
composition of the choice (i.e. endogenoué) set variables in their
portfolio. The non-myopic model removed this additional constraint
on the grounds that banks are influenced and concerned with the
composition of their total portfolio. Four models were therefore
specified:

Quadratic Utility Function: Myopic and Non-myopic
¥egative Exponential Utility Function: Myopic and Non-myopic
Again like Parkin ét al, the stocks of assets/liabilities were
deflated by the implicit GDF deflator but Courakis also reports
that estimates in nominal terms did not differ significantly from
those expressed in real terms. Estimation was carried out by the
full meximum likelihood metbod and similar Dbalance sheet
constraints as the Parkin study were imposed with the exception of

symmetry in the case of the quadratic utility functioms.
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The results showed no support at all for the myopic models.
Improved, but not completely satisfactory, results were obtained
using the non-myopic assumptions. The negative exponential utility
function results were particularly unsatisfactory with respect to
interest rate coefficients. The own-rate coefficients were always
negative and insignificant whereas cross-rate coefficients were
often positive. The non-myopic results were better in this
respect. Own-rate coefficients were always positive and in two
cases significant whereas cross-rate coefficients were generally
negative. Nevertheless the general tenor of the results forced
Courakis to conclude that "this most general of the Tobin/Markowitz
hypotheses here presented has also to be rejected as failing to
provide a statistically significant explénation of the British
clearing banks over the relevant period" (Courakis [1974] page

1927.

¥hite [1975) using quarterly data for the period 1963 to 1970
examined the behaviour of the deposit banks (i.e. the London
Clearing, Scottish and Northern Ireland banks). Both static and
dynamic modeis were‘ estimated with the various asset/liability

demand equations being derived using the negative exponential

utility functiomn. Unlike Parkin et al the stocks of the
assets/liabilities were in nominal terms. & further difference
arose in the case o0f bank advances. Instead of treating all

advances as exogenous, White made a distinction between endogenous
and exogenous acvances. Exogenous advances comprise loans to the

public sector pius those made 1o finance exporte under official
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schemes. Remaining advances were treated as endogenous on the
grounds that, although lending ceilings were 1in force, actual
lending frequently diverged from those ceilings. Normal balance
sheet constraints were imposed including that of symmetry for the
estimation of the static model but the results were always inferior
to those when the symmetry condition was not imposed. Two methods
of representing expected interest rates were tried; 1) current
average quarterly interest rates and ii) average quarterly rates

with Almon lags. Method (ii) always provided superior results.

Vhite's results were also less than satisfactory so he noted
that "whether the models tested were static or dynamic, the signs
of the estimated coefficients of the interést rate variables used
were not always those expected on a priori grounds" (Vhite [1975]
page 496). Vhite attributed this +to the high degree of

multicollinearity amongst the various interest rates.

The study of London Clearing bank portfolio behavigur contained
in Bewley [1981] is essentially an extension of the work carried
out by Parkin et al [1§7OJ and Vhite {1975]. The period covered by
the study i.e. 1963 to 1971 is again prior to the introduction of
Competition and Credit Control. The portfolio model is derived
from a negative expomential wutility function in expected profits.
The estimated model was, in terms of the previous terminology,
dynamic and mnon-myopic with the usual balance sheet constraints
being observed. Symmetry was not imposed. The main differences

betweern this study and the earlier studies are i) the use of
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monthly rather than quarterly data ii) the classification of
advances into endogenous or exogenous according to the severity of
the lending restrictions in operation and iii) estimation was
subject to the restriction of a desired liquid asset ratio. Apart
frox the treatment of advances, the classification of endogenous
and exogenous variables follows White [19751. Valuation of the

assets/liabilities was in nominal terms.

The estimation procedure provided for direct estimation of the
equilibrium parameters. It was not found possidle to reject the
imposed desired 1liquid asset restriction at the 2.5% level of
significance. The equilibrium parameters were reasonably well
determined. Own-rate coefficients were positive with the exception
of that pertaining to government securities. Cross-rate
coefficients were generally, but not always, negative - those with
positive signs not being significantly different from zero. Bewley
expressed the view that the negative own-rate coefficient for
government securities could be explained by the fact that "banks
were more concerned with the capital wvalue of the securities
resulting in a tendeﬁcy to sell as rates rose" (Bewley [1981] page

201:.

Spencer [1984] estimated a model of bank behaviour over the
period 1972 to 1984 following the same general principles as the
eariier Parkin et al study. A simple exponential utility function
was employed to exp.ain the behaviour of the choice assets of the

barking sector; i.e. cash balances, reserve assets, local authority
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deposits, gilt edged securities and net mcney market assets. All
liabilities were treated as exogenovue as was the variable
'advances'. The own-interest rate coefficients all take a positive

sign and are significant.

2.10 Further Studies of the UK

Money Supply

In this section we consider further studies of the UK money
supply process. These are Crouch [1967], Melitz and Sterdyniak

[1979] and Kearney and MacDonald [1984).

Crouch's study followed the money bese approach. During the
observation period (i.e. 1954 to 1965) the banks were subject to
twe ratios (a cash ratio of 8 per cent and a liquid asset ratio of
30 per cent, reduced to 2& per cent in 18%4) but Crouch argued that
the basic determinant of the supply of bank deposits was the banks'
holdings of notes and coins plus their deposits at the Bank of
England. Two models.were presented in the study - one aggregated
all bank deposits whereas the other distinguished between demand
and time deposité. The underlying rationale was the same for both
modele which contained equations specifying i) the demand for bank
deposits, 11> the supply of bank reserves and iii) the supply of
bank deposits. The modeis were closed by the incorporation of a
simple quantity theory with the filow of nominal income as the

dependent variable.
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The supply of reserves tc the banks is a function of i) the
demand for cash, 1ii) oper market operatione and 1iii) special
deposit calls. This equation is of course very close to being a:
identity and the estimated coefficients were not significantly
different from their expected values of -1, +1 and -1 respectively.
The supply of bank deposite was specified to be a function of the
supply of reserves available to the banks. Estimation of this
equation produced a coefficient close to the value of 12.%
predicted by the monetary base approach since the cash reserve
ratio was 8% at this time. The demand for bank deposits depends on

nominal income and the long-term rate of interest.

The causation in the model is quite clear. The supply of
reserve assets available to the bank permits the creation of bank
deposits which are willingly held given the level of nominal income
and the rate of interest. The supply of reserve assets depends
mainly on government monetary policy and there was no attempt to
incorporate any link between the PSBR and the quantity of reserve

assets.

Unlike Crouch, Melitz and Sterdyniak start from the baiance
sheet identities defining the public, banking and non-bank private
sectors. The model consicsts of seven equations specifying i) the
rate of interest on loans, ii) the demand for bank loans, iii) a
set of equations defining portfolic equilibrium i.e. the ratic of

deposits to money, the demard for money and the ratio of private



_46_

sector bholdings of government debt to money, iv) the structure of

interest rates on government debt and v) balance sheet identities.

The specification of the various equations follows fairly
standard lines. The supply of bank loans depends on the rate of
interest on bank loans and also reserve requirements but this
equation is inverted to obtain the rate of interest on bank loans
as the dependent variable. The demand for bank loans depends on a
variety of interest rates including that on loans, real income and
the expected rate of inflation. Similarly the portfolic equatioms
include as explanatory variables, rates of interest and real
income. The spread of interest rates on government debt is based
on the principle that the government sets the price of botk long
and short-term securities so as to obtain a desired relationship
between the return on these two types of securities. However this
relationskip will vary positively according to the foreign rates of
interest and the rate of inflation. Implicit in this specification
is a concern by the authorities over the size of the monetary base.
consequently rises in long-term rates of interest may be necessary
in the conditions menéioned above to persuade the private sector to
take up government long-term debt and avoid increases in the
monetary base. Estimation runs over the period 1963 to 1974 using

quarterly data =,

The chain of causation in the model can be described by the

following simple framework. Banke set the rate of interest on
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loans and the private sector determines the quantity of such loans
given the rate of interest and the price level. Similarly the
government sets the rate of interest on its debt and the private
sector determines the quantity cf public sector debt it wishes to
hold. The quantity of money follows from an accounting identity
given the quantity of bank loans and additional information
concerning the size of the PSBR, official reserves and the net
worth of the banks. The existence of the demand for money function
determines either the price level or the change in foreign reserves
depending on the exchange rate regime in operation.
*

Kearney and MacDonald [1984] follow a different approach from
the other studies discussed so far since the main thrust of their
study is directed towards an explanation of price variables such as
rates 0f interest and the exchange rate rather than the quantity
variables. Their model is a structural portfolio balance model of
the sterling/dollar exchange rate consisting of four asset demand
equations explaining the demand for money, bank loans, domestic
bonds and foreign assets. Their approach follows the traditional
portfolio approach iﬁcorporating the adding-up restraints imposed
by the balance sheet identitiec (see, for example, Brainard and
Tobin [19681). The stocks of assets are given historically so that
the market clearing mechanism determines the returns on these
assets and alsc the exchange rate given the uncovered foreign rate
of interest. Expectations are held constant within the model
though Kearney and MacDonald [1%£5] present a variation of the

model incorporating expectations formed according to the rational
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expectations hypothesis. The model can then be used to explain
movements in the exchange rate given changes in tke stocks of
assets and in the composition of the asset portfolio of the private
sector due, for example, to intervention in the foreign exchange

markets by the authorities.

2.11 Conclusions

Ve will now draw together the main strands of our discussions in
order to highlight the similarities and differences of the main
models surveyed. Apart from their differenf sizes, the first major
point is that the Liverpool model is not like the other models. It
does mnot follow the traditional income/expenditure approach that
they adopt. The role of stocks as opposed to flows is of vital
importance in the explanation of private sector expenditure. A
second important difference concerns the role of of expectations.
In the Liverpool model expectations are assumed tc be formed
according to the rational expectations hypothesis. in practice
thics implies that, within the model, agents' expectations are
conzistent with the model forecasts. Closely associated with this
is the assumption that financial markets conform to the 'efficient
markets hypothesis'. This stance is mnot taken up by any of the
other models, although some of them have methods of expectation
formation which use variables which wouid play an imporiant role in

the rational expectations approach. For example, in the Treasury
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model, the underlying speculators' view of the equilibrium exchange
rate is a weighted average of relative guantities of money and wage

caosts in the UK and the rest of the worild.

The remaining models all follow thke broad income/expenditure
approach. Although, as a result, the real sectors are quite
similar the monetary/financial sectors are widely different. Both
the Treasury and National Institute models contain well articulated
monetary sectors. Explanation of financial behaviour in the
Batiopnal Institute model hinges around two basic identities: the
financing of the PSBR and the consolidated balance sheet of the
banking sector. The Treasury model goes further and ensures that
sectoral surpluses/deficits are allocated between the various
financial assets and 1liabilities in a manner which ensures
consistency between prices and quantities o©of the various
assets/liabilities. Consequently the financial sector of the
Treasury model is more closely integratel intoc the real sector than
ic the case for the KNational Imstitute model. The Bank of Engiand
mein model incorporates a flow of funds matrix which involves a
relatively large deéree of disaggregation.‘ In contrast the
Cambridge Economic Policy Group and Lendon Business School models
have  poorly défined monetary sectors. Single equations
{representing both demand and supply fa:ctors) explain the quantity
of money in both models. In all five models the structure of
interest rates hinges around the determination of a central or key
interest rate though, monetary factore have an important role in

irterest rate determination only in the Treasury mondel. For this
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latter model the key rate is the three month deposit rate wiich is
set to clear the parallel money market. For the Natiocnal Institute
model (the Treasury bill rate) and the London Business Schocl model
(MLR prior to to the change in system of monetary control) irterest
rates are mainly determined by government exogenously. In the Bank
of England main model interest rates are related to the Eurodollar
rate and other variables including price expectations, pressure in
the foreign exchange markets and the PSBR. In the Cambridge
Economic Policy Group model the sbort-term rate of interest is
constrained to equal the Eurodollar rate of interest subject to the

influence of bank liquidity.

Vide differences appear in the procéss of exchange rate
determination within the models. In the Treasury model the
exchange rate is implicitly rather than explicitly determined and
the model can either predict the exchange rate given assumptions
about the volume of official “intervention in the foreign exchange
markets, or the change in reserves given the desired path of
exchange rate changes. Monetary factors are important ir this
process because of tk;eir influence on private sector expexditure
decisions and capital flows. Also, the vunderlying equiiibrium
exchange rate depends on relative quantities of money ani wage
coste in the UK and the rest of the world. For the Bztional
Institute model, the exchange rate follows purchasing power parity
in the long run but can be driven away from this equaiity by
covered interest differentials and the real balance of rpavments

visible balance. Thie latter variable is a proxy for ezxpected
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exchange rate changes. Clearly, monetary factors have & less
importazt role in exchange rate determination in the National
Institute model than in the Treasury model. In the London Business
School! model, monetary factors play a dominactt role. For the Bank
of England main model, the sterling exchange rate reflects relative
rates of inflation and monetary expansion ir the UK and the USA,
interest rate differentials and the current account of the Balance
of Payments. Expectations also play a role and a reaction function
divides this pressure between changes in the rate itself and in
reserves. In the Cambridge Economic Policy Group model the
exchange rate 1is treated as exogenous in as much as it is

determined by government policy.

As far as the money supply itself is concerned, the common
feature of the studies surveyed in section 2.10 is the fact that
bank holdings of Tbase/reserve assets play a role in the
determination of the quantity of money. This contrasts with the
stance adopted in the macroeconomic models. Despite the fairly
detailed specification of the financial sector in the Bank of
England main model, the National Institute and Treasury models,
supply irfluences via bank holdings of reserve assets play no role
in the determination of the quantity of money. This view is in
direct opposition to botk the mopney market and credit market
approaches to the determination of the money supply mentioned in
chapter 1 section 1. In chapter 3 we develop an altermnative

theoretical specification o©f a financial/mcretary sector of an
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economy which incorporates demand and supply features in accordance

with the credit market approact.



Notes

w

More detasiled discussion of the mainstiream UK macroeconomic
models is contained in Holden, Peel and Thompson [19821.
Further discussion of the main models of the UK economy is also
available in Artis [1982]1, Brech [1983] and Vallis et al [1984].
In this study we concentrate on the financial sectors of the

various models.

Included in the return on gilts is the variable 'expected
capital gains"which itself is a function of the long-term rate
of interest (positively) and the short-term rate (negatively) as
well as the expected change in prices and the ratio of the
public sector borrowing requirement to the net worth of the
public sector. Lagged independent variables are included with
opposite signed coefficients to ensure that permanent changes in
these variables do not induce persistent expectatiors of capital
gzins/losses. The expected change in prices depends, in this
instance, on the past growth of wage costs, import prices and of

the money supply relative to output changes.

The error correéticn model has been suggested by Hendry amongst
cthere (see for example Hendry [10791). It sidesteps the
problen of assessing how expectatione are formed and
concentrates on how agents move towards a desired long-run
relationship. Currie [19811 points out that, whilst the static

long-run properties of such models are "typically sensible and
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well determined”, their "long-rur dynamic properties are often

not" (page 704).

Keating {1984} presents a disaggregated structural model of UK
financial flows which 1is fully integrated with the London
Business School model. The procedure adopted follows the mean

variance approach to portfolio modelling.

The unusual aspect of this study is the precise definition of
money used. Two alternative definitions of the quantity of
money were employed but both definitions were in fact wider than
the official definition of N3. The narrower definition
specified money as M3 plus all national savings and deposits
with local authorities. The wider definition added deposits

with the building societies.
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CHAPTER 3 THE ANAI.YTICAL

FRAMEWORK

In contrast to the empirical models discussed in chapter 2 we
develop a stylised portfolio balance model of the financial sector
of the UK economy. This 1is a small~scale model designed purely to
illustrate the essential nature of the more detailed empirical
model; the specification of which is discussed in chapters 4 and 5.
Ve incorporate within the model the portfolio behaviour of both the
banking and non-bank private sectors. As meﬂtioned in chapter 1
this aspect of +the study owes much to development of the
theoretical credit market models by Brunner and Meltzer (see e.g.

[19641 and [1968]).

The plan of this chapter is as follows. Section 2 presents an
algebraic description of this simple theoretical portfolio balance
model within the environﬁent of a pure floating exchange rate and
examines the comparative static properties of the model. In section
3 we present a graphical representation of the same model in order
to illustrate more clearly the relevant properties of the model.
Finally in section 4 we examine the dynamic behaviour of the

model.
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3.1 Analysis of the Model

The analysis in this section draws heavily on De Grauwe,
Frattiani and Nabli [1985] which in turn refers to earlier work by
Brunner and Meltzer [1968], Brainard and Tobin [1968] and de Grauwe
[1982)1. In this eimple model, we start with the volume of saving
and investment into real assets as being given so that the next
decision in the portfolio choice is the allocation of financial
wealth between the various financial assets and liabilities. The
non-bank private sector holds four assets - notes and coins (FO);
bank deposits, all assumed for the sake of ease of exposition to be
interest bearing, (D); government bonds (B){ and a net composite
foreign currency asset (F) - and one liability, bank credit (L). A
simplified flow chart illustrating the various options open to the
the non-bank private sector is shown in figure 3.1 where, in
addition to the standard abbreviations, DAS represents gross
domestic assets (NC+D+B) and NDA net domestic assets (DAS-L). The
banking sector supplies bank loans and bank deposits and holds
reserve assets - monet;ry base - (HB), net foreign assets (SFB) and
government bonds (BB). The two balance sheet identities
representing this framework are shown below:

Fon-bank private sector
RC+D+B+F.S-L = VW @D
Banking sector

D=HB + BB + L + SFB (3.2



- 57 -

FIBURE 3.1
NON-BANK PRIVATE SECTOR

HIERARCHY OF PORTFOLIO DECISIONS

NDA
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In addition two definitions are pertinent to the analysis:
Definition of monetary base
H = NC + HB 3.3
Definition of money
X =3 +D 3.4
where S is the spot exchange>rate (units of domestic currency
per unit of foreign currency).
Note in this framework we are concentrating on financial assets so
that V represents net financial wealth of the non-bank private
sector and also we are assuming that the net worth of the banking

sector is zero.

The assets within the non-bank private sector portfolio are
assumed to be gross substitutes so that an increase in the return
on one asset leads to an increase in the demand for that asset and
to a decrease or no change in the demand for other assets. An
increase in wealth is assumed to induce increased holdings of all
assets and to induce &a greater willinghess +to accept more
liabilities <(i.e. Dbank Iloans). The following set of asset/

liability demand equations reflect these assumptions:

- - +

FC = v(RD; R*+E.LnS¢+1-LnSe¢; W (3.5
+ - - - +

D = e€(RD; RL; RG; RD*+E+LnS¢+1-LnS«¢; W) 3.6
- 4 - +

B = p(RD; RG; RD*+E.LnSt+:1-LnS¢; W) 3.7
- - + +

F = y(RD; RG; RD*+E.LnSt+1-LnSe; W (3.8)
- + +

L = @(RL; R*+E¢LnSc¢+1-LnSe; W (3.9
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where
RG, RD and RL refer to the rates of interest on government
bonds, depaosits and bank loans respectively, # indicates the
foreign rate of interest and the term E.LnSt+:1-LnS.
represents the expected appreciation of the foreign exchange
rate. (LnS = the log of the exchange rate S; units of

domestic currency per unit of foreign currency)

Note following Brainard and Tobin [1968] the column sum of the
coefficients (including -L) are for i) the interest rates, zero

and ii) the wealth term, 1.

The underlying rationale for the banking sector supply equations
is, as noted earlier, the multiplier analysis of Brunner and
Meltzer. Assuming that the non-bank private sector maintains
currency in a ratio w to deposits (assumed for the sake of ease of
exposition to be a constant), i.e.

BC = D : (3.1
and noting from the balénce sheet identity (3.2)

L + BB = DU-x-p) 3.11)

where \ = the banks' reserve asset ratio (HB/DD

p = the bank's foreign asset ratio (FB/D)
and using identities (3.3) and (3.4) it is trivial to derive the
two relevant multipliers ': |

X =[0+w/(wtX)]H or ¥ = mH (3.12)

BB+L =[ (1-x-p)/(w+X)1H or BB+L = eR 3.13)
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Fote as is well known from the work of Brunner and Meltzer, the
credit multiplier <(e) 4is not the mirror image of the money

multiplier (m.

Assuming that the banks set the rate of interest on loans to
maximise their profits given the following profit functiom:

T = DL (1-\)RL-RD] - =D 3.1%)

where n is the cost of supplying deposits (assumed to be a

constant, again for ease of exposition).

The first order condition for profit maximisation requires:

RL = (RD+m)/(1-)) (3.15)
Consequently
RD = (1-)M)RL-x= (3.16)

Ve can replace RD by RL in (3.5) to (3.9) and combine equations
(3.5) and (3.6) to produce a money demand equation using the
assumption that the coefficient for RD (and therefore RL) in (3.5)
is greater in absolute value than that in (3.6):

- - +
¥ = Y(RL; R*+E.LnSc¢+1-LnS+; W) (3.17)

Similarly it is more convenient to replace (3.12) and (3.13) by

their functional forms which are assumed to be:

+ - - 4+
M= = Q(RL; R*+E+LnS¢+1-LnSe; Xy W 3.18
+ -+ - - 4+
L= = 6(RL; RG®)a(RL; R*+E.LnSc¢+1-LnSe; x; B 3.1
+ - + - S
BB = (1-8)(RL;RG)a(RL; R*+E.LnS¢+1-LnS¢; x; WD 3.20

The negative signs assigned to both 6M/6RC* and 6L/SRC* follow from

the assumption that an increase in the covered foreign rate of
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interest lowers deposits more than curremcy i.e. the value of w is
increased. In fact as we note later the UK monetary authorities
have not attempted to control the quantity of monetary base (H) but
have rather fixed the rate of interest and bhave been prepared to
supply tbe quantity of monetary base demanded at that rate =,
Consequently it is necessary to replace the variable H in (3.18) to
(3.20) by the money-market rate of interest (RM) noting that an
increase in RM leads to a reduction in the monetary base (H) and
therefore in the money supply, the supply of credit and the banks'

demand for bonds (M*=,L* and BB respectively).

Full equilibrium requires equilibrium in all four markets but
given the wealth restraint one of the demand equations becomes
redundant. In the case of this model we take this to be the demand
for foreign assets by the non-bank private sector leaving the model
to be solved for three markets (i.e. bonds, money and credit). A
further simplification for the sake of ease of exposition can be
obtained by assuming bonds and loans are perfect substitutes in the
banking sector's portfolio so that RL=RG. Hence equations (3.19)
and (3.20) can be combined to produce:

+ - - - A
L= + BB = #(RL; R*+E¢LnSt+1-LnS¢; X; RM) 3.2

vwhere L=+BB is often designated domestic earning assets
Equilibrium in the bond and credit markets requires that i) the
demand for loans equals the supply of loans and ii) the demand by
the banking sector for bonds equals the supply of bonds available
to’them; i.e.

1= =1 (3.22a)
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BB = B~ - B (3.22
Given the assumption of perfect substitution these two equatioms
can be combined to produce:

L= + BB=L + B~ - B (3.22¢)
Further simplification is possible by combining the equations for L
(3.9) and that for B (3.7) using the assumption that the absolute
value of the wealth coefficient in (3.9) is greater than that in
3.7). Consequently only two market clearing equations are
necessary to solve for the interest rate (RL) and the exchange rate
S, These are for the money and credit markets which can be
specified as:
credit market
from ¢(3.21), (3.9) and (3.22)

+ - - - - + +
§(RL; R*+S*-LnSe; X; RM) = 8(RL; R*+S*-LnS.; W;)

+ B# 3.23)
money market
from (3.17) and (3.18&)
+ - - - - - +
Q(RL; R*+S%-LnS.; X; RM) =Y(RL; R*+S*-LnS¢; W) 3.24)

vwhere S* = E.LnSc+n
Foting that financial wealth can be defined as *:

V=H+ B* +F.S

and RC* = R* 4+ S* -~ LnSe
and, in order to examine the comparative static properties of the
model, .totally differentiating equations (3.23) and (3.24) after
substituting for V and RC* produces the following set of equations

(3.25):
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avy vz  dRL r.B\1 Brz Brs Bria Brie Bre i dRX i
3
h=a:1 ozz d%_ 8 Bzr Pzz Pzz Pza Pzs Bzé_ dRr*+4S5*
| dx
dH
dB*
dF
e -
where:

a1 = 68/6RL - 6¢/6RL < 0

crz = [ (-686/6RC* +6¢/6RC*)/S1+F(§6/6W) < 0 by assumption
az1 = 6Q/6RL ~ §Y/6RL >0

azz = (- 6Q/6RC* + 6Y/6RC*)/S -F(6Y/6W) < 0 by assumption
Bi1. = 6/6RE < O |

Biz= = -66/86RC* + 8§¢/86RC* < O

Bia = 6/60 < O

Bra = -68/8V < O

Brs = —(1+ 68/6W) <0

Bre = -S(88/6W) <0

Bz = -6Q/6RM > 0

Bzz = §Y/RC* - §Q/6RC* < 0 by assumption

Bzs = —6Q/6Xx > 0

Bza = 6¥/6W > 0

Bzs = &Y/6VW > 0

Pze = S(EY/6W) > O

Ambiguity exists concerning the sign of three of the

coefficients. In the case of av=z, the assumption is made that the -
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two substitution effects (66./6‘RC" and §¢/6RC*) dominate the wealth
effect (F(§6/6¥)) on the demand for credit, hence the sign of oz
is negative. Similarly in the case o=z the overall effect is
assumed to be negative since two out of the three coefficients
point in that direction. Finally the demand for money is assumed
to be more responsive to foreign interest rate changes than the

money supply so that Bz= is negative.
Stability of the model requires:

and Det = av10zz2 - ovzazr > 0

Both these requirements are satisfied but it should be noted that
in this respect the assumed signs of oz ar;d azz play a crucial
role, In chapter 8, we discuss three simulation experiments
showing the response of the model to shocks in the uncovered
foreign rate of interest (R*), the domestic money-market rate of
interest (RM) and the curreﬁt' account surplus (equivalent to a
change in F). The comparative static analysis of these shocks can
be derived by solving the equation set (3.25) using Cramer's rule.

The resulting multipliers are shown in Table 3.1.
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Table 3.1
RL s
Change in
R* (Br20zz—012Pz=2) /Det .(a1152:‘a21ﬁ12)/Det
> 0 provided >0
Brizozz YotvzBzz
RM (Brrozz—at12PB21)/Det (ar1Bz1-az1811)/Det
> 0 > 0 provided
tavaBzrl > lazi1faal
F (Bre0zz—01zBze)/Det (a1 Bze—az1B1s) /Det

>0 > 0 provided

az1Bre > ar11Bze

As can be seen from Table 3.1 three out of the six multipliers
have ambiguous signs. These ambiguities can be further clarified
by examining the various derivatives which comprise the relevant

multiplier. This is carried out below:
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a The effect of a change in R* on RL

The relevant multiplier is Bizozz-a1zPz=/Det.

Brzoz== (-68/6RC* + &§¢/6ERC*I[ (-6Q/8RC*+ 6Y/6RC*)/S - F(6Y/6W))

o1 2Rz=2= [ (~68/8RC* + 6¢/6RC*)/S +F(66/6W)) (6Y/ERC*~6Q/SRCY)

Given that both Bizozz and PBzzovz are both > 0, this multiplier is

more likely to be positive the larger Bizozz is relative to Bzzaiz.

Brizazz will be larger the larger in absolute values are:

68/6RC*; the derivative of the demand for loans with respect to

the covered foreign rate of interest

§¢/6RC*; the derivative of the supply of
covered foreign rate of interest

6Yy/6RC*; the derivative of the demand for

covered foreign rate of interest

loans w.r.t. the

money w.r.t. the

§3¥/6W ; the derivative of the demand for money w.r.t. wealth

and the smaller in absolute value is:
§Q/6RC*; the derivative of the supply of
covered foreign rate of interest
In contrast fz=zoz wil} be smaller the smaller
are:
§Y/6RC*; the derivative of the demand for
covered foreign rate of interest
66/6RC*; the derivative of the demand for
covered foreign rate of interest
§¢/86RC*; the derivative of the supply of
covered foreign rate of interest

and the larger are:

money w.r.t. the

in absolute value

money w.r.t. the

loans w.r.t. the

loans w.r.t. the
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§Q/8RC*; the derivative of the supply of money w.r.t. the

covered foreign rate of interest

§6/6V; the derivative of the demand for loans w.r.t. wealth
b The Effect of an Increase in RM on S

The relevant multiplier is ai1fz1~az1B811/Det.
d11PBz1= (86/6RL - &¢/RL) (- §Q/8RM) and
oz B11= (§Q/SRL - 6Y/6RL) (§¢/6RM)
Given tbhat both o11B=2y and azi1811 are both < 0, this multiplier is
more likely to be negative the larger a:1$1z 1s and the smaller
a=18+11 in absolute value.
o11f=1 will be larger the larger in absolute value are:
66/8RL; the derivative of the demand for loans w.r.t. the loan
rate
§¢/6RL; the derivative of the supply of loans w.r.t. the loan
rate 7
§Q/6R¥; the derivative of the supply of money w.r.t. the money
market rate
oz1811 will be smaller the smaller in absclute value are:
§Q/86RL; the derivative of the supply of money w.r.t. the loan
rate
6#/6RX the derivative of the supply of loans w.r.t. the money
market rate
§Y/6RL; the derivative of the demand for money w.r.t. the loan

rate
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c The Effect of an Increase in F on 8

The relevant multiplier is o:1Bze-az1B1e/Det,
o11Bze= (60/86RL -64/6RL) {S(6Y/6W))
az1B1e= (6Q/86RL ~ 6Y/6RL) {-S(68/6W))
Given that botbh o11Bze and az1Bre are < 0, the multiplier is more
likely to be positive the smaller in absolute value is o11Bze and
the larger azife
o1 1Bze will be smaller the smaller in absolute value:
68/6RL; the derivative of the demand for loans w.r.t. the loan
rate
§¢/6RL; the derivative of the supply of loans w.r.-t. the loan
rate
§¥/6V; the derivative of the demand for money w.r.t. wealth
oz181e will be larger the larger in absolute value:
§Q/6RL; the derivative of the supply of money w.r.t. the loan
rate
§¥/8RL; the derivative of the demand for money w.r.t. the loan
rate

8§8/6V; the derivative of the demand for loans w.r.t. wealth

Clearly the direction of these three multipliers depends on the
magnitude of a whole host of derivatives and consequently it is
difficult to derive any firm 'A Priori' conclusions. Recourse to
the assumption of grass substitutability fails to assist since most
of the multipliers are based on either own interest rate

coefficients or cross interest rate coefficients rather than a
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mixture of both. Fevertheless 1t 1s possible to make some
comments. First the direction of multipliers (b) and (c) above are
likely to be the same since for example small absolute values of
686/6RL, 6¢/6RL and a large absolute valuve for 6Q/6RL are likely to
lead to both multipliers being positive. The position with respect
to multiplier (a) above is less clear cut since the effect of the
various derivatives often point in different directions; for
example a large 6Y/6V leads 'tb a greater possibility that both

Brzozz and Bzzonz will be positive.

Ve now turn to present a graphical analysis of the model in
section 3.2 in order to ascertain whether it is possible to obtain
a clearer intuitive picture of the comparative static properties of

the model.

3.2 A (31‘&11)111.(3&1]_‘HIQGBI)I‘€B€5€31113211:j.CJII of

the Model

In order to present the graphical analysis the two equilibrium

equations (3.23) and (3.24) are presented below in linear form:
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credit market
oy RLtaz (R*+5*-LnS) +a= (H4B=+F. 8)+B® = aaRL+oe ((R*+5*-LnS)

+0eNta>RM (3.26)
o ,08,0e,07 £ 0 < oz, 0s,0a
note a1 to a= refer to demand factors and as to ar to supply side
influences
money market
BrRL+B= (R*+S*-LnS) +B8aX+8aRN = BeRL+8e (R*+S*-LnS)+

B> (H+B=+F.S) (3.27)

Bz,B=z,Ba,Bs,Be < 0 < B, B>

note B1 to Ba reflect supply influences and B= to B> demand factors

Figure 3.1 shows these two equilibria coﬁditions in the RL/S
plane given a fixed expectation of future exchange rates (i.e. S*
is assumed to be constant). CK refers to the credit market and MM
to the money market. The CM curve 1is derived from (3.26) as
follows. First the equation iélsolved for the loan rate producing:

RL = [-azF. S+ (az~os)LnS+ (as~az) (S*+R*)—aaH

- (1+asz)B=+taer+azRM1 / (av ~a) 3.28)
The negative slope of the CM curve can be demonstrated by
~differentiating RL w.r.t. S and defining 1/{a1~as) as Z (K0! so as
to give:

SRL/8§S <CM> = Zl-a=zF+ (az-~as) /8] 3.29)
Foting that o1, as and Z are < 0 and az, &= and oa are > 0; and
assuming that F > 0 (as is the case of the UK non-bank private
sector), SRL/6S will be negative provided the magnitude of o- minus

as (the degree of substitutability of domestic for foreign lcamns in
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the demand for and supply of bank credit) is sufficient to outweigh
the wealth effect (aaz) <. The economic interpretation of the
negative slope of the CM line is that a rise in the loan rate will
cause excess supply in the loan market. This can only be
eliminated by a fall in the spot exchange rate given the expected
rate which causes the covered rate of interest to rise making
domestic borrowing relatively more attractive to domestic firms but
the foreign market relatively more attractive for 1lending by
domestic banks. Note that the substitution effect is assumed to
offset the wealth effect (i.e. the reduced demand for loans due to
the fall in the exchange rate) so that the excess supply of loans
is eliminated. The depreciation of the $& exchange rate is
initially caused by banks switching currenéy from overseas to
domestic lending. We have drawn the CK curve to represent this

assumption.

The MM curve is derived in a similar manner. Solving (3.27) for
RL produces:

RL =[(Bz—Bs)LnS+BvF.$+(Bs-Bz)(S*+R*)—Ssk-ﬁ4RH

+8> (H+B=)1/ (R ~Bs) (3.30)
Differentiating (3.30) w.r.t. S and defining v = 1/(f:-Bs) OO
provides:

SRL/8S <MI> = vl (Bz-Be) /S1+B>F) 3.3
Noting that B> and v are > 0 whereas f= and Be are < 0 and given F
> 0; 8RL/S6S will be > O provided that the demand for money is more
responsive to changes in the foreign rate of interest than the

supply of money (i.e. Be > Pz in absolute value) ¥, In this case
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the economic interpretation is that a rise in the loan rate,
through its effect on the deposit rate, causes excess supply in the
money market. Since both the demand for and the supply of money
are negatively related to the covered foreign interest rate, it is
necessary that the $ spot exchange rate rises so as to eliminate
the excess supply of money <(i.e. the covered foreign rate of
interest falls). In this case the rise in the exchange rate
increases wealth which also assists the elimination of excess
supply of money by raising demand. The rise in the spot exchange
rate comes about through purchase of foreign currency as the demand
for domestic currency falls. The MM curves in the following
figures are drawn reflecting this assumption. The question now
arises whether any firm prediction can be .made concerning the
slopes of the curves. De Grauwe et al {1985]) argue that the loan
rate is proximately determined in the credit market and the
exchange rate in the money market with the result that the CN curve
ies flatter than the MM curve. This seems a not-unreasonable
assumption given the relative easé of changing domestic monies into
foreign currency. It would also be expected that the loan rate of
interest will be more directly affected by conditions in the credit
market rather than those appertaining to the money market. In terms -
of equations (3.28) and (3.30) this represents:
i) Relatively large magnitudes for o: and aas but relatively
small values for o= and as. The assumption of gross

substitutability will ensure this condition.
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ii) Relatively small values for B, and fz but relatively large
values for Be and Bz The assumption of gross
substitutability does nothing to help in this respect

Ve have also accepted this assumption that the CM curve is flatter

than the MM curve.

Ve now examine the asset market equilibrium to analyse the
stability of the model. This is carried out using the phase
diagrams depicted in figures 3.2 to 3.4. which reflect the
assumptions made earlier that i) the loan rate of interest is
proximately determined in the credit market and ii) the exchange
rate is proximately determined in the money market. ' Point A in
Figure 3.2 illustrates a position of excess éupply in the credit
market which will be eliminated by a fall in the loan rate of
interest. The converse is true for point B. Turning to figure 3.3
point C demonstrates excess supply in the money markets which will
be eliminated by a rise in the exchange rate. The converse is
applicable to point D. Combining figures 3.2 and 3.3 produces
figure 3.4 demonstrating stability in all four zones of the
diagram. In this connection it is instructive to examine the
critical nature of the assumption lying behind the negative slope
.of the CK curve. Reference to (3.29) shows that the slope of the
CM curve would be positive if the wealth effect outweighs the
substitution effect. Figure 3.5 represents this situation but with
the assumption that the slope of the CK curve is steeper than that
of the MK curve. Fote that now instability is demonstrated in

zones 2 and 4. Furthermore, as is well known (see for example
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FIGURE 3.21 PHASE DIASRAN 1
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FIGURE 3.41 PHASE DIAGRAN J
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Allen and Kenen [1980], page 205), instadbility can also be
introduced if F is negative as this will reduce the negative slope
of the CM curve and similarly for the positive slope of the MM

curve

Shifts in the two curves can also be defined with regard to the
partial derivatives of the two market clearing equations. For the

CX curve these are as follows:

Table 3.2
6RL/6S*; 6RL/6R* Z (as—az) >0
SRL/6) Zae : > 0
SRL/6RY Zar > 0
§RL/6B~ ~Z (1+as) > 0
§RL/6F ~ZSa > 0

In graphical terms, -therefore, the CM curve will shift to the right
(upwards) if any of the variables listed above increase. Turning

now to the MM function the relevant partial derivatives are as

follows:

Table 3.3
SRL/6S*; &RL/SR* v{Be-Bz) <0
SRL/&X -vB= >0
SRL/&RK -vBa >0
§RL/S&B= VR >0

S§RL/SF vSR~ >0
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Bote because of our assumptions the magnitude of these partial
derivatives will be larger (and therefore produce larger movements
downwards or upwards in the MK curve) than those relevant to the CK
curve. In graphical terms the MM curve will shift to the right
(downwards) if either S. or R« increase but to the left (upwards)

if any of the other variables listed above increase.

Ve can now examine diagrammatically the effects of the changes
discussed in Table 3.1. These are shown in figures 3.6 to 3.8
inclusive. First the increase in the foreign rate of interest R#
creates excess demand in the loan market requiring a rise in the
loan rate of interest to restore equilibrium in the credit market.
This is represented by an upward sbift of the CH curve to CzXz. In
the money market, both the demand for and supply of domestic money
will decrease but given our assumption that the demand for money is
more responsive to changes in foreign rates of interest than the
supply of money, the net effect is.to create excess supply in the
money market. Restoration of money market equilibrium needs 2 rise

in the spot exchange rate which reduces the covered return on

foreign assets. This is represented in figure 3.6 by a shift of
the MM curve to the right to MzM=. The relevant partial-
derivatives in tables 3.2 and 3.3 confirm these shifts. Both

shifts point to an appreciation of the exchange rate (defined in &
per $) but the effect on the loan rate of interest (RL) is
ambiguous. The upward shift of the CM curve points towards a higher
loan. rate but the rightward shift of the MM curve to a lower rate.

Our assumptions predict i) a steeper ¥ curve and ii) a smaller
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shift to the right of the MM curve. Both of these factors predict
a probable increase in the loan rate as illustrated in figure 3.6
(i.e. point 1 to point 2). The second shock considered is a rise in
the domestic money market rate of interest (RM. Figure 3.7
clearly demonstrates that the domestic rate of interest will rise
since both the CM and MM curves shift upwards to CzMz and M=M=
respectively. The economic interpretation of the shifte in the two
curves 1is that the rise in the money market rate of interest
reduces the supply of both money and credit thus causing excess
demand in both the credit and money markets which can only be
eliminated by a rise in the domestic loan rate (CM curve shifts
upwards) and a fall in the exchange rate (MM curve shifts to the
left). This is evidenced by the signs of thé partial derivatives
contained in tables 3.2 and 3.3. The upward shift in the CM curve
produces an increase in the exchange rate whereas the shift to the
left of the MM curve tends to lower the exchange rate as is
illustrated by the equilibrium-point B in figure 3.7. Again the
predictions of our assumptions (the smaller shift to the left of
the MM curve and its steeper slope) suggest that the $ spot
exchange rate will depreciate. The final shock considered is an
increase in net foreign wealth (F) attributable to &a one-off-
.increase in the current account. As evidenced by the signs of the
partial derivatives contained in tables 3.2 and 3.3 both the CM and
MM curves shift to the left to CzMz and MzMz. As was the case in
the previous shock, this is due to the creation of excess demand in

both markets. This leads to an unambiguous increase in the



-79..

FIGURE 3.6t AN INCREASE IN THE UNCOYERED FORE]GN
RATE OF INTEREST

FISURE 3.7: AN INCREASE IN THE DOMESTIC MONEY
MARKET RATE OF INTEREST
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FIGURE 3.9: AN INCREASE IN NET FOREIGN WEALTH
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domestic loan rate of interest. The effect on the exchange rate is
however pot so clear since the upward shift of the CM curve points
to a rise in the $ spot exchange rate but the shift to the left of
the MM curve to a depreciation. Again appealing to the assumptions
made, it would be anticipated that the $ spot exchange rate will

fall as is demonstrated in figure 3.8.

The changes discussed above assume an unchanged expected
exchange rate which, itself is assumed to be determined within the
framework of a more general model, and therefore correspond to a
shock which is expected to be temporary. A permanent change would
require a change in the expected equilibrium exchange. . Note that:

6RL/&S* <CH> > O

§RL/6S* <MM> < O
The first shock, i.e. a rise in the uncovered foreign rate of
- interest, would lead to an appreciation of the $, i.e. a fall in
the log of the expected exchange rate. This would enhance the
initial shifts of both the CK and the MM curves. This leaves the
exchange rate as predicted but does nothing to ameliorate (and in
fact increases) the aﬁbiguity concerning the direction of the
movement in the loan rate. Similarly a permanent increase in the
'money—market rate would lead to a fall in the expected equilibrium
$ spot exchange rate. This increases the upward shift of the CK
curve but reduces that of the MM curve thus reducing the ambiguity
concerning the direction of the movement in the exchange rate.
Vith respect to the third shock, the impact of an increase in the

current account Dbalance must be temporary since portfolio
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equilibrium requires a zero balance on the current account as a
condition of 1long-run equilibrium. Hence our conclusions

concerning this shock are not moderated in any way.

3.3 Dynamic Properties of the

Model

So far we have carried out a partial equilibrium amnalysis by
exanining the behaviour of the asset market in isolation. Clearly
changes in asset market conditions will also affect the real
sector. This is particularly true of the balance of payments.
From the identity

ARES = CA - AF 3.32)
with a pure float ARES = 0 so that CA = +aF. The long-run
adjustment envisaged within Branson type models (see for example
Branson and Halttunen [1979]) follows the following scheme:

i Asset market equilibrium sets the exchange rate on a
day-to-day basis given the initial values of credit and net
financial assets..

iid The exchange rate determines the valuation of net exports
given the domestic price level.

iii)>  The current account surplus/deficit leads to a corresponding

increase/decrease in net foreign assets.
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iv The change in the net value of foreign assets produces a
change in the exchange rate setting off a chain of
adjustment which would ultimately involve a change in the
domestic price level and net exports.

v) The final equilibrium would be one where CA = AF = 0.

To illustrate this mechanism , consider the effect of a rise in
the UK domestic rate of interest starting from a position of
long-run equilibrium (i.e. where CA = AF = 0). This would produce
a capital inflow and ceteris paribus a fall in the exchange rate
(i.e. an appreciation of the pound) - see figure 3.7. However the
new equilibrium depicted in this diagram (i.e. point B) .cannot be a
long-run equilibrium because of the oonsequenfial changes in net
financial wealth of the non-bank private sector. This positive
inflow will increase non-resident holdings of domestic assets and
reduce F. Simultaneously the current account will move into
deficit (following 3.32). The fall in F will cause the $ spot
exchange rate (S) to appreciate {or equivalently to a depreciation
of sterling) which in turn will cause a rise in UK net exports.
This offsets the fall ian leading ultimately to a restoration of
long-run equilibrium €. In terms of figure 3.7 the CK curve will
shift downwards to the left (from CzM:) and the MX curve downwards
to the right (from MzMz). Thus the long-run equilibrium will lie
between points A and B so that the initial change (from A to B) is
partially offset. This adjustment process requires iwo conditions

for stability:
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) The Marshal-Lernmer conditions are satisfied so that the
current account responds positively to a devaluation of
sterling.

i) The $ exchange rate reacts negatively to a rise in net

foreign assets.

The dynamic response of the exchange rate will be subject to
overshooting: a phenomenon which has been subject to fairly
widespread discussion in the 1literature, The reason for this
overshooting can be demonstrated quite easily. The return on
domestic assets is defined as R and that on foreign assets so as to
include the expected appreciation of the exchange rate (i.e. R* +
aS where AS = 5*-LnS) 7. Consequently a rise‘in the domestic rate
of interest must induce a rise in the covered foreign rate of
interest (R* + AS*) to restore portfolio equilibrium. Tkis is
brought about by a fall in the spot exchange rate ($/£) which,

given S* causes AS to increase.

3.4 Conclusions

In this chapter we have examined the specification of a theoretical
‘portfolio balance model which we would contend is applicable to the
UK economy. The impact of various shocks bhas been examined
resulting in ambiguous predictions in some instances. The use of
graphical analysis has sharpened and clarified the various

assumptions necessary to produce less ambiguous predictions.
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Analysis of the dynamic properties of the model suggests stability

and also overshooting of the exchange rate.

Ve now move on to translate this theoretical framework into an
empirical financial model of the UK economy. Chapter 4 examines
the portfolio behaviour of the non-bank private sector and we
develop a model specified in ratios rather than levels as outlined
in this chapter. In fact this procedure is adopted purely to
facilitate estimation of the various equations and does not affect
ir any significant manner the conclusions developed later in this
study - see appendix 3A for further development of this point.

Chapter 5 then concentrates on that of the banking sector.
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Notes

1. More detailed and therefore complicated multipliers can be
derived by varying the assumptions but these do not alter the
basic thrust of the analysis (see e.g. Brunner and Meltzer
[1964] and [1966] also Kortweg and Van Loo [1977). DNote also we
are concentrating on domestic assets. The banks will alsc hold
assets and liabilities denominated in foreign currency. However
the equation specifying their holdings of net foreign-currency
assets may be eliminated through the use of the banks' balance
sheet constraint (3.2)given the assumption of zero net worth of

the banking sector.

2. Comsequently the demand for monetary base determines the market
quantity given that the authorities provide the quantity of

monetary base demanded at the rate of interest chosen by them.

3. From (3.1
VvV=8C +D+B +‘F.S ~ L
noting from (3.2) that
L=D- HB - BB
and substituting for L produces:
V=N +HB+B+BBE+F.S

using the definitions of i) H = NC+HB and
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ii> B~ = B + BB gives:

v=H+ B>+ F.S

Fote this is the same assumption made earlier to give a negative

coefficient a1z in equation set (3.25).

Bote this is the same assumption made earlier to give a positive
coefficient Bzz in equation set (3.25). Of course, if neither

are affected, then 6RL/6S will be > 0.

Branson and Halttumen [1979] define this equilibrium as being
where the sum of net exports plus investment income on net
foreign assets sum to zero. In this case étability requires the

trade effect to outweigh the investment income effect.

If domestic and foreign assets are pérfect substitutes then from
(3.26) v = ~az = aa = -as. -Similarly from (3.27) B, = -Bz = Bs
= -Be. Consequently this implies that the interest rate parity
condition always holds so that:

RL = RL* + S* - LnS.



Appendix 3. A: Model

Specification

In this appendix we use a simple three asset model (i.e. money,
bonds and net foreign assets) to examine the effects of specifying
2 model in ratio form rather than levels. The supply of bonds,
money and nominal wealth are assumed to be exogenous so that the

asset market clearing equations may be specified as follows:

m = o1 R+ azRC* + azw (3A. D
b = B.R + B=RC* + Baw (34.2)
s+f = Y¥:R + YzRC* + ¥=w (34.3)
w = gm+ g= + z(s+) . (34.4)

using standard notation with small case letters representing
logs, § the share of the relevant asset in wealth, z = (1-g.-¢=)
and RC* = R*+s*-s
Denote equations 1 to 4 as model 1. DKNote this specification is
quite general with no presumption that tke elasticity of demand of

the various assets with respect to wealth is unity.

An alternative specification in ratio form (mndel 2) is appended

below:
m-b = zR ¢+ x;RC* + AaW (34.5)
s + f -(B1m +6xb) = Q3R + Qz=RC* + Qaw (34.6)
w = fm+ gzb + z(stf) (3A.7)

where 8 represent the share of the asset in gross domestic
assets and 6z = (1-6.). Note the term on the LHS of (34.6)

approximates Ln(SF/ (¥+B)]
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Clearly equation (3A.5) may be considered as a subtraction of
(3A.2) from (3A4.1). Likewise equation (3A.6) may be taken to
represent equation (3A.3) minus a weighted average of equations
(3A.1) and (34.2). In principle, if accurate estimates of the
coefficients in equations (3A.5) and (3A.6) are obtained, it is
possible to derive the coefficients for equations (3A.1) to (3A.3)
by solving the following set of simultaneous equations - noting

that (3A.14) to (3A.16) are given by the portfolio adding up

constraints:
v = o - Ba (34.8)
Az = 0z ~ B2 (34.9)
Aa = oz - bs - (34.10)
Q= Y1 - gaan — fzfa | (34.11)
Qz = Y= - fiaz = fzP= (3A.12)
Qz = Yz - fras - f=z=Ba (3A.13)
o + Byt ¥ =0 (3A.14)
oz + Bz + Yz = 0 - (3A.15)
oz + Bz + ¥z = 0 (3A.16)

The analysis can be éxtended further by differentiating totally
the two sets of equations in both models and solving for dR and dS.
In model 1 one equation is redundant so we can eliminate the bond
equation so as to preserve close comparability with model 2. After
differentiation it is possible to eliminate the wealth identity in
both models by substituting for dw in the other equations. This

produces the following equation sets:



Model 1

pm

Model 2

—

b

an (azz-0=)/S

R 8 (Yzz-¥=-1)/S

A (O\zz2-xz)/S

Qv (Quz-Q=-1)/8

dR

ds

dRr

das

-go_

r
-0z 1-a=¢.
¥z  ~Yzf
-
[kz 1-Xzf

&%) P -azZ

“Yzf=z 1-asz

-(14)z¥2) ¥
1-Q4

Q= -(61-Qzf1) —(eé‘esﬁz

dR*+ds*

dm
db

df

X -
dR*+ds*

It can be seen that the coefficients of the two models are not

inconsistent with each other.
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CHAPTER 4 NON—BANK PRIVATE

SECTOR PORTFOLIO SELECTION

4.1 Introduction

The basis of the analytical framework is the balance sheets of
the principal sectors of the economy, i.e. the public sector, the
central bank,the non-bank private sector, the banking sector and
the overseas sector. It ic first of all necessary to examine these
balance sheets which are reproduced in table 4.1 with all the items
being recorded in nominal terms and denominated in sterling. DNote

also physical assets are excluded from these balance sheets.

Since the aim of the study is to examine the behaviour of the
assets and liabilities ‘of the non-bank private and the banking
sectors, we shall treat the assets and liabilities of the public.
sector (including the central bank) as exogenous. Consequently the
size of the PSBR will determine the quantity of the monetary base

and of bonds available to the other two sectors.
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Table 4.1 Balance Sheets

The Public Sector

Liabilities Acsets

Fet overseas assets NOSPS Bank Deposits at:
Foreign currency Central Bank DCB
borrowing from banks BB$ EBanks DPS
Government debt Foreign currency
(B+BB+BSCB+BOS) bank deposits DG$
Net worth RVPS

Central Bank

Liabilities Assets
Notes and coins: Foreign Currency
held by banks BCB . reserves RES
held by NBPS NC Holdings of public
Banks' deposits DB  sector debt BSCB
(normal) Loans to the
Banks' deposits ‘ SPECD banking sector CL
‘(special)

Public sector

deposits DGCB

Net worth NVCB
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Overseas Sector Relative to the UK

Liabilities

Net overseas assets:

¥BPS F
Banks ~FB
Public sector -NOSPS
Central bank IR

Net worth ¥V0S

Fon—-Bank Private Sector

Liabilities
Bank Loans:
sterling L
Foreign currency Ls
Net financial worth v

Assets
Public sector debt BOS

Sterling bank

deposits DAS
Assets

Notes and coins (9
Sight Deposits DS
Time deposits DT

Foreign currency
deposits Ds
Net overseas assets

F

Public sector debt



Banking Sector
Liabilities
Private sector:

Sight deposits

Time deposits
Public sector deposits
Overseas sterling
deposits
Non-deposit liabilities
Loans from the central
bank
Foreign currency
deposits:

¥BPS

Pudblic sector
Net overseas foreign
liabilities

Net worth

..94_

DS
DT

DPS

DOS

NDL

CL

Ds

DGs

FLB"

Assets

Sterling lending to:
Private sector L
pverseas sector 10s

Foreign currency

lending to:
NBPS Ls
Public sector BBs

Public sector debt BB
Monetary base HB
(NCB+BD)

Special deposits SPECD
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Assuming that the net worth of the banking sector is zero the
following identities derived from the balance sheets in Table 4.1

hold:

Non-bank Private Sector

L+1%$ +VvV=DNC+DS+ DT+ DS+ F'+E 4.1
Banking Sector
DS + DT +DG + DOS + FLB + BDL + D$ + DG$ + CL = L + LOS + BB + HB

+ SPECD + L$ + BBS 4.2

These identities can be further simplified. First, we
aggregate, for each sector, overseas assets/liabilities and foreign
currency deposits/lending with the domestic baﬂking sector. This
assumes that these two categories of assets/liabilities are close
substitutes because both are subject to revaluation following
exchange rate changes. Second, since our aim is to explain the
behaviour of the banking and non-bank private sector, we shall
treat public sector sterling deposits with the banking sector (DPS)
as exogenous. Similarly central bank lending to the banking sector
(CL) and sterling deposits (DOS) from overseas bheld with the
banking sector may also be treated as being outside the immediate
control of the banks given the structure of ‘“interest rates.
Consequently we combine these items with the banks' non-deposit
liabilities (NDL) to produce a new composite exogenous variable,
Other liabilities (OL) i.e

OL = DPS + CL + DOS + NDL
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These simplifications produce the following balance sheet
identities which are used throughout the remainder of the study:
Eon-bank Private Sector
L+V=N+DS+DT +B+F £.3
where F = F' + D$ - L$
Banking Sector
DS + DT + OL = L + BLOS + BB + HB + SPECD + FB (4.4)

where OL DG + DOS + BDL + CL

L

FB = -FLB -D%$ -DG$ + L$ +BB$

In this chapter estimation of the portfolio behaviour of the
non-bank private sector will be examined <(i.e. the- variables
contained in 4.3) and the behaviour of the baﬁking sector (items

contained in 4.4) in chapter 5.

4.2 Theoretical Framework

In chapter 2 we reviewed existing studies of tke UK
financial/monetary sector.l Here we outline an alternative approach
which in fact follows the methodology adopted in the Liverpool
model to explain portfolio behaviour but with a greater degree of
disaggregation of financial assets. The detail is also greater
than that contained in the Cambridge and London Business School
models. It is suggested that the non-bank private sector decision
to accumulate assets can be considered to be part of a nesting

pProcess, in which closely related assets are nested at different
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levels so as to represent a multi-level series of sequential
decisions., This is illustrated in figure 4.1.

At its highest level the decision to accumulate financial assets
is part of the non-bank private sector's consumption/saving
decision. Given the history of financial net worth (V) and current
flow additions to it, the next decision in the sequence of decision
meking is at the second level where the non-bank private sector
allocates its fipancial net worth between net domestic (NDA) and
net foreign assets (F) and it is at precisely this point that this
study commences with financial net worth being treated as exogenous
for estimation purposes. Given the level of net domestic assets
the third level of decision taking is reached with the division
between gross domestic assets (DAS) and liabilities to the banking
sector (L). In this way the non-bank private sector proceeds in
successive stages to the determination of its portfolio of
financial assets/liabilities. Fext thére is' the allocation to
liquid assets, i.e broad money (M2) and to 1illiquid assets
(government debt, B i.e. bonds). VWithin the holding of money there
is a further decision to‘be made concerning the division of money
holdings between narrow money (M1) and time deposits (DT). Finally
narrow money can be subdivided into holdings of notes and coins and
élso sight deposits. This hierarchy is, in principle responsive,
to the degree of substitution between the respective nested assets.
However institutional and theoretical considerations are also
relevant. For instance it would be reascnable to assume that notes
and coins are more substitutable with sight deposits than with

bonds.
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FISURE 4.1

NON-BANK PRIVATE SECTOR

HIERARCHY OF PORTFOL.10 DECISIONS

ot | m
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The 'utility tree' depicted in figure 4.1 is that implied by the
non-bank private sector utility function in the semse of Strotz
[19571. The actual utility function employed is the 'nested' CES
first put forward by Sato [1967] which bas the additional advantage
of powerfully simplifying the analytical and estimation problems.
This utility function in its 'nested' form can be represented by

the following series of functioms:

U =lor (F)™*Z1 3%y 5402 (RDA) " >Z23%2517 17> (4.5
F =[x (L) "#Z53%;t0a (DAS) " #Zas®asl ™~ 7> (4.6)
DAS =las(M2)"*Zes®sstas(B) " *Ze3%es]l /¥ 4.7
B2 =lor(M1)~wZ73%75+0e (DT) " “Zey®es] 17 ' 4.8
X1 =[a9(NC)—*293693+G10(DS)_TZ1oJeloJ]"’*‘ 4.9

The Zis;s represent the relevant quality variables which capture
influences on the composition of portfolios other than the returns
on competing assets/liabilities such as the relative riskiness of
the assets or exogenous preferénces.affecting the composition of
the portfolic. The Greek letters are parameters. There may be
several components of each Z, some common to each asset (e.g.
financial wealth) and others not. For example it might be expected
that inflationmn would affect the demand for money but not
ﬁecessarily the demand for bonds. From this set of utility
functions, the following asset demand equations describing the

total portfolio structure of the non-bank private sector can be

derived :
Ln(L/DAS) = fY(RL-RM; Zz,%zs5; Zas®ajs)ten (4.10)
Ln(M2/B) = f2(RD-RG; Zs5;%s;} Zes®e;)texz 4.1
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Ln(¥1/DT) = f2(RD; Z73%75; Z2s8:%s)tes (4.12)
Ln(NC/SD) = f9(RD; Z93®ws; Z103®105)%€a (4.13)
Ln(F/XDA) = f8(RC*-RG;Z103;Z115%113)%€s 4.14)

where RG is a composite rate of interest on government bonds and

is assumed to be the representative rate on domestic assets, RL

is the rate of interest on bank lending

Z:s are vectors of relevant quality variables

The advantage of such a process is that each decision level is
separated from the ones above it and below it. Therefore at each
stage it is not necessary for all assets to have the same speed of
adjustment or alternatively to specify a more general adjustment
process with the adjustment of each asset depending on lagged
values of all other assets. This avoids irksﬁme conditions that
are an essential component of the normal demand system portfolio
adding up constraints. Within this hierarchy we expect that highly
liquid assets have a much' faster speed of adjustment than fairly
non-liquid assets. As noted appendix 3.4, this procedure is used
purely as a tractable modelling framework and npone of the
predictions of the model depend critically on the precise

functional form adopted for the equations.

" Table 4.2 gives the expected partial effects of the quality
variables on each asset/liability with YEXP and AFPEXP representing
expected permanent real income and expected inflation respectively.
Traditionally it would be expected that inflation would act on
nominal assets as a tax reducing holdings of such assets. It is

also a stylised fact that the variability of inflation is
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positively correlated with the level of inflation so the higher the
level of inflation, the greater is its variability. It would seem,
therefore 1likely that 1its negative impact would probably be
stronger on non-interest bearing assets than on interest bearing
ones but we are not dogmatic about this. It may also be true that
the impact will be less on variables which are held primarily for
transactions purposes than those primarily held as a store of
value. It would be expected that bank lending would rise with
expected inflation since inflation benefits borrowers and penalises
lenders. Real financial wealth (RV = VW/P) would be expected to
have a positive impact on all assets. It is however by no means
clear that the elasticity of asset demand with respect to wealth
will always be unity. Ve allow in the asset demand functions for
the possibility that the non-bank private sector will have varying

asset preferences as wealth changes.

Table 4.2 Quality Variable Effects

Asset/Liability
KC DS DT B L F
APEXP - - - - + +
RV + + + + + +

YEXP . + + ? 7 ? 7
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A rise in the foreign rate of interest would be expected to
divert asset holdings from domestic to foreign sources. Similarly
a rise in the foreign rate of interest also increases the cost of
borrowing abroad consequently increases the demand for domestic
bank credit. A rise in expected (i.e. permanent income) would in

all likelihood raise the demand for all assets and possibly credit.

Ve now turn to the examination of the relative impact of these
quality variables on the ratios specified as dependent variables in
(4.10) to (4.14) above. In cases where the direction of the impact
of a change in the quality variable is the same for both the
numerator and the denominator, the direction of the impact of the
quality variable on the asset/liability ratio is ambiguous. This
will depend on the relative elasticities of demand for the two
variables concerned. A negative (positive) coefficient would
indicate that the denominator has a higher (lower) elasticity than
the pumerator. The 'a priori' relative impact of these quality
variables is presented in table 4.3 with question marks indicating

the absence of strong priors.
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Table 4.3 Relative Impact of Quality Variables

Asset/Liability Ratios

BEC/DS M1/DT M2/B L/DAS F/EDA
APEXP ? 7+ 7 + ?
RV ?- 7- ? ? ?
YEXP ?- - ? ? . 2

The effect of changes in financial wealth 6n the ratios is not
clear except that the strength of the impact may vary inversely
with the extent to which the asset is held for tramnsaction
purposes. Consequently the impact on ﬁhe NC/DS and M1/DT ratios
would, if anything, be expected to be negative. Similarly expected
income would be likely to have a negative impact on the KC/DS ratio
and the M1/DT ratio. This reflects our prior view and the evidence
of much empirical work that suggests a higher income elasticity on
time deposits than M1 and on sight deposits as compared with cash.
A rise in the foreign rate of interest would unambiguously raise
the ratios L/DAS and F/FDA because domestic borrowing and the
holding of foreign assets would become more attractive, The
effect, if any, omn ratios of purely domestic assets is not
apparent. Similarly a rise in domestic rates of ‘interest would

lower demand for overseas assets and hence the ratio F/NDA.
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Increases in the rate of interest on bank deposits would make time
deposits more attractive relative to other assets and hence lower
the ratio of M1 to DT but raise that of X2/B. For similar reasons
the ratio of M2/B would fall as the return on bonds increases. The
direct impact of these interest rates on other ratios is not clear
from an ‘'a priori' view. A rise in the rate of interest charged on
bank loans should reduce the demand for bank loans and hence the
ratio of bank loans to gross domestic assets subject to the

condition that net domestic assets are positive =,

Having completed the theoretical discussion of the portfolio
behaviour of the non-bank private sector, we proceed to discuss the

estimation of this model in the following sectioﬁ.

4.3 Estimation

Before proceeding to the presentation of the empiricél estimates
of the parameters governing the non-bank private sector's
portfolio bebaviour, vit is necessary to make a few comments.
First, full details of the data used are provided in chapter 6 but
Preliminary comments on both the foreign rate of interest and of
the expected variables are appropriate at this stage. The ‘'ex
ante' return on foreign assets consists of two components, the
known rate of interest and the expected change in the exchange

rate. The problem is how to measure the second component, i.e. the
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expected change in the exchange rate. One method would be to use
the observed forward premium but, given our assumption of imperfect
substitutability between domestic and foreign assets, we view the
forward premium itself as a biased predictor of the future change
in the exchange rate ® - for a review of the empirical evidence
regarding the forward rate as a predictor of the expected spot rate
see Holden, Peel and Thompson {19851]. Consequently where we use
the forward premium as our 'ex ante' estimate of exchange rate
movements and therefore the covered foreign rate of interest
(R*+FP) as the return on assets denominated in foreign currency,
estimation is carried out through the use of instrumental variables
to overcome potential bias (see also Bean [1883]). The second point
of clarification concerns the two expected vériables APEXP and
LnYEXP. These were estimated by the McCallum technique and full
details of the estimation procedure are reported in the appendix

4.A to this chapter.

The general form of the estimated equations follows the
specification contained in (4.10) to (4,14) together with the
addition of a time trend to capture the effect of omission of
relevant variables such as technology changes. It was decided to
restrict the use of the foreign rate of interest in the non-bank
private sector portfolio equations to the first portfolio decision
(i.e. between domestic and overseas assets) and secondly to the
domestic bank borrowing decision. For the purposes of estimation,
the rate of interest on gilt-edged securities was treated as

exogenous. Appeal to the efficient market hypothesis would suggest
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that today's price is the best predictor of tomorrow's price. This
assumption is also consistent with the view that the ‘pivotal’ rate
of 1interest, 1{i.e. the money-market rate, can be +treated as
exogenous for estimation purposes. A full listing of the model
together with exogenous and endogenous variables appears as

appendix 7.4A.

Estimation was carried out using the TSP package. Methods of
estimation included ordinary least squares <(OLS), instrumental
variables (Inst), and seemingly unrelated regression estimates
(SURE). Vhenever appropriate, the value of +the first order
autocorrelation coefficient used in the latter two 'methods of
estimation was that obtained by the instrumentai variable estimate.
The possibility of the existence of higher order autocorrelation is
considered in Appendix 4.B to this chapter. Details of estimation
are reported in Tables 4.4 to 4.8. In all tables the figures shown
in parenthesis represent ‘t' valies.. p represents the estimated
first order serial correlation coefficient. Estimated coefficients
for the seasonal dummies are not shown. SSR refers to the sum of
the squared residuals, S to the standard error of the regression
expressed as a percentage of the mean of the dependent variable.
In some cases where the logarithmic ratio used as the dependent
variable approaches the value of zero, a quite small absolute error
produces a very large relative error. This is particularly true of
the details shown in Tables 4.5 and 4.6 for 1n(¥1/DT) and 1n(¥2/BA)
respectively. DV refers to the Durbin-Vatson statistic, the

Subsequent figure in brackets refers to the Durbin 'h' statistic
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and b/d indicates this statistic is not defined. The sample period

was 1973(1) to 1980(4).

Table 4.4 presents some estimates for the currency to sight
deposit ratio for which all estimation methods produce broadly
similar results. The positive sign on the interest rate
coefficient suggests that sight deposits are a closer substitute to
time deposits than currency. This result is highly plausible on
the assumption that the interest elasticity of currency demand is
less than that of sight deposits. The negative impact of expected
income suggests again the wholly plausible result that sight
deposits bave a higher income elasticity of demand thamn currency.
The speed of adjustment is moderate with a mean lag in the region
of +two quarters. Expected inflation failed to add to the
explanatory power of the equation. The results broadly conform to
'a priori' expectations and appear fairly well determined. Turning
to Table 4.5 we present the results of estimating the ratio of Ml
to time deposits and yet again the various estimation methods
produced broadly similar.results which appear to be fairly well
determined. The coefficiént for LnRV was negative in line with our
priors outlined in tgble 4.3. Expected inflation comes in with a
pbsitive sign (significantly different from zero in some estimates
only) which suggests that this variable has a stronger impact on
time deposits than that on nparrow money. This is a fairly
surprising result which perhaps reflects our earlier caveat
suggesting the view that assets primarily used for tramnsaction

purposes may be insensitive to changes in rates of inflation. The
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speed of adjustment is also disappointingly slow for such a 1liquid
variable, Inclusion of expected income failed to dimprove the

explanatory power of this equation.

Table 4.6 presents results of the estimating equation for the
ratio of broad money (M2) to bonds. Early experimentation
suggested that the difference between the deposit rate and the
gilt-edged rate of interest provided better estimates than that
achieved through using them as separate variables. The
significance of the estimated coefficients depends on the method of
estimation. If this allows for the presence of first order serial
correlation, then the coefficient for LnRV is highly significant
whereas that for the lagged dependent variablé becomes small in
value and not statistically significantly different from zero. The
interest rate coefficient verges on significance. The negative
sign of the coefficient for LnRV suggests that the elasticity of
demand for bonds with respect to wealth is higher than that for
broad morney. In the three functions discussed so far, the
estimated coefficients for total wealth all possess negative signs
which confirms the intuitive belief that the more illiquid an asset
becomes the higher its elasticity with respect to total wealth.
Therefore at low levels of wealth a fairly liquid portfolio should
be expected and as financial wealth increases a tendency towards a

more illiquid portfolio should be observed.

Bank lending to gross domestic assets proved to be problematic

in estimation. The results are set out in Table 4.7. Again in
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Table 4.4 Ratio of Notes and Coins to Sight Deposits

Dependent Variable Ln(HC/DS>; Mean Value = -0.7426
Constant RD LoYEXP  LaRV T Lagged p
Dependent
Variable
OLS 12.27 0.4346 -1.040 -0.2378 0.0038 0.2288
(2.73) (3.87) <(2.39) (3.50) <(2.00) (1.28)
R= 0.8208, SSR 0.0080, S 2.50, DV 2.454 (b/d)
OLS 6.962 0.4423 -0.5666 -0.1602 0.0017 0.5127 -0.4444
(1.78) (5.84) (1.51) (2.86) (1.05) (3.14) 2.47)
R= 0.9681, SSR 0.0070, S 2.34, DV 2,042 (-0.31)
IEST 12.283 0.4705 -1.043 -0.2361 0.0038 0.2373
(2.73) (3.77) (2.40) (3.47) (1.98) (1.28)
SSR 0.0080, S 2.52, DV 2.455 (b/d)
IEST 7.187 0.4541 -0.5892 -0.1606 0.0018 0.5085 -0.4392
(1.79) (.75 (1.52) (2.86) (1.07) <(3.07) (2.43)
SSR 0.0070, S 2.34, DV 2.040 (-0.32)
SUERE 9.380 0.4301 -0.5445 -0.1362 0.0016 0.5786 -0.4392
(2.35) (6.78) (2.09) (3.02) (1.39) <(4.63)

SSR 0.0071, S 2.01, DV 2.151 ¢(-0.60>

Instruments: Constant, LnYEXP, LnRW, Ln(EC/DS)t¢-1, RDe-1, Seasonal
Biparies. ‘
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Table 4.5 Ratio of Narrow Money to Time Deposits

Dependent Variable Ln(M1/DT) Mean Value = -0.164
Constant RD LnRV APEXP T Lagged p
Dependent
Variable

OoLs 1.108 -1.646 -0.1111 0.6305 0.0037 0.8726
(0.97) (5.63) (1.10) (2.05) (2.50) (11.48)

R= 0.9379; SSR 0.0313, § 225.00, DV 2.389 (-1.22)

OLS 1.735 -1.465 -0.1661 0.5674 0.0028 0.9261 -0.2960
(1.73) (5.80> (1.89) (2.16) (2.12) (14.04) (1.52)
R= 0.9736, SSR 0.0281, &S 217.07, DV 2.02 (-0.06)

IFST 2.634 -1.053 -0.2200 0.2860 0.0017 0.9355
(1.7 (2.43) (1.81) (0.76) (0.89) (10.60)
SSR 0.0369, & 243.91, DV 2.61 (-1.99)

INST 2.682 -1.121 -0.2484 0.3534 0.0014 0.9752 -0.3626
(2.48) (3.84) (2.62) (1.26) (0.9%) (14.77 (1.92)

SSR 0.0313, S 225.00, DW 2.052 (-0.16)

SURE 2.094 -1.400 -0.1469 0.4662 0.0027 0.9089 -0.3626
(1.92) (7.06) (2.09) (2.27) (2.65) (17.56)

SSR 0.0297, ©S 185.36, DV 1.802 (0.59)

Instruments: Constant, LnRW, APEXP, Ln(X1/DT)+-:, RDe¢-:, Seasonal
Binaries.
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this case tbhe assumption of equality of response of the loan ratio
to the various rates of interest proved to be helpful. This was
achieved by the inclusion of the composite interest rate variable
(RL-RG-RC*) as one of the explanatory variables. The sign of the
coefficient for this variable was negative, correctly implying a
negative effect from the loan rate but a positive effect from the
other two interest rates. Inclusion of the expected rate of
inflation consistently produced wrongly signed but statistically
insignificant coefficients, This variable was therefore omitted
from the estimating equation. Again the various methods of

estimation produced coefficients of a broadly similar magnitude.

The results of estimating the ratio of net foreign assets to net
domestic assets are set out in Table 4.8. The key variable, the
differerce between the foreign covered rate and the five year gilt
rate was always of the right sign and significant at the 5% level
suggesting strong substitution effects. The speed of adjustment is
also moderate which suggest a strange asymmetry regarding the
adjustment of net foreign assets vis a vis adjustment of certain

domestic assets (e.g. Ml and time deposits).

Table 4.9 shows long-run estimates of the elasticity of
substitution between the nested groups of assets with respect to
the various quality variables. The elasticities shown are based on

the instrumental variable estimates and in the case of interest
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Table 4.6 Ratio of Broad Money to Bonds

Dependent Variable Ln(M2/B); Mean Value = -0.234
Constant RD-RG  LnRV T lagged P
Dependent
Variable
OLs 2.189 1.319 -0.1583 -0.0082 0.5522
(1.12) (1.89) (0.94) (2.54) (3.14)

R 0.9716 SSR 0.0671 S 226.07 DV 1.882 (3.11)

OLS* 7.935 0.5368 -0.6599 -0.0i46 0.0139 0.7811
3.72) (0.67) (3.47) (3.80) (0.08) (7.06)
Eé 0.4997 ©SSR 0.0568 & 205.98 DV 1.595 (3.42)

INST 2.218 1.334 -0.1607 -0.0083 0.5498
(0.93) (1.3% 0.79) (2.10) (12.63)

SSR 0.0671 S 226.07 DV 1.880 (b/d)

INST 7.416 2.753 -0.6026 -0.0165 0.0498 0.4759
(2.84) 1.97) (2.65) (3.88) (0.23) (2.56)
SSR 0.0725 S 235.04 DV 1.890 (b/d)

Sure 4.459 2.753 -0.6964 -0.0180 -0.0224 0.4759
4.97) Imposed (4.50) (6.20) <(0.15)

SSR 0.0734 S 204.70 DV 1.666 (1.81)

* p failed to converge after 20 iterations

Instruments: Constaht, LnRV, T, Ln(¥2/B)e-n, RDe-1, RGe-n,

Seasonal Binaries
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Table 4.7 Ratio of Bank Lending to Gross Domestic

Assets
Dependent Variable Ln(L/DAS) Mean Value = - 1.011
Constant RL-RG LnRV T Lagged
-RC#* Dependent
Variable
OLs -1.979 -0.8763 0.1558 0.0003 0.8295
(4.95) (6.25) (4.09) (0.69) (15.30

R= 0.9478 SSR 0.0092 S 1.94 DV 2.30 (-0.89)
INST -1.998 -1.178 0.1485 0.0004 0.7793
(4.56) (4.01> (3.53) (0.74) (10.76)

SSR 0.0110 S 2.12 DV 2.080 ¢(-0.2%
SURE -1.886 -0.8379 0.1485 0.0003 0.8375
(56.50) (7.28) (4.87) (0.75) «(i8.8DL

SSR 0.0093 S 1.68 DV 2.287 (-0.84)

Instruments: Constant, RLe-1, RGe«y, LnRV, Ln(L/DAS)+-1, R*,
Seasonal Binaries
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Table 4.8 Ratio of Net Overseas Assets to Net Domestic
Assets

Dependent Variable Ln(F/NDA) Mean Value = -2.394
Constant RC*-RG LnYEXP T Lagged
Dependent
Variable
OLS  14.647 0.416 -1.565 0.0058 0.6654
(0.33) (3.00) (0.35) 0.33 (5.53)

R* 0.8393, ©SSR 1.534 S 10.56 DV 2.190 (-0.73)
SURE 15.305 8.219 -1.626 0.0064 0.6611
(0.42) (3.16) €0.44) €0.43) (6.97)
SSR 1.547 S 9.19 DV 2,184 (-0.63)
OLS -0.8648 8.905 " 0.6820
(3.43) (2.62) : (7.66)
RZ 0.8509 SSR 1.542 S 10.18 DV 2.230 ¢(-0.75)
INST -1.0980 12.499 0.6025
(3.33) (3.03) (5.24)
SSR 1.654 S 10.53 DV 2.112 (-0.42)

Instruments: Constant, R*, RG, FPi-y, Ln(F/FKDA).-1, Seasonal
Binaries
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Table 4.9 Relative Long—Run Elasticities

RD RC* RL RG APEXP  LnRV LnYEXP
KC/DS 0.11 0 0 0 0 -0.48 -2.12
M1/DT -5.37 0 0 0 2.01 -10.02 0
M2/B  0.34 0 0 ~0.34 0 0.63 0
L/DA 0 0.71 -0.62 0.63 0 0.67 0
F/NDA O 4.17 0 ~-3.64 0 0 0

Table 4.10 Single Equation Long-Run Partial
Elasticities

RD RC# RL RG LnRW
F 0 +4.283 0 ~3.37 +5.20
B -0.16 0 0 +0.16  +5.87
w2 +0.17 0 0 -0.17 +5.62
DT +2.87 0 0 0 +10.63
DS -2.55 0 0 0 +0.66
NC ~-2.44 0 0 0 +0.557
L 0 +0.88 ~0.78 +0.78 +6.72

1 Assumed coefficient
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rate coefficients are evaluated at their means. The striking
feature of this table are the high elasticities for the M1/DT ratio
which are coupled with a very slow adjustment and therefore low
elasticities in the short run. Thus for example a 1% rise in RD
causes a decrease in the ratioc of holdings of Mi/DT by 5.37% and
similarly a rise in the ratios of NC to DS and of M2 to B of 0.11%
and 0.34% respectively. From these relative elasticities it is
possible to derive partial elasticities for eac‘h of the individual

assets and liabilities 4. These are presented in Table 4.10,

A word of caution is appropriate here with regard to the
interpretation of these elasticities. A problem occurs with
respect to the ratio Ln(M1/DT). As noted in the.previous paragraph
the coefficient on the lagged dependent variable implies a low
response to current changes in the independent variables, a long
lag (average 9 quarters) and therefore a large response in the long
run. Because of the method of calculation demonstrated in note 4,
the various elasticities are interdependent so that this effect

spills over into the estimates of other elasticities.

Turning now to the interest rate elasticities, it is clear
that they are signed in accordance with 'a priori' expectations
except, perhaps, the slightly positive elasticity for broad money
(M2) - a possibility noted with respect to tbhe similar official
definition of M3 by KNiehans [1981]. Consequently the magnitude
and sign of the partial elasticities lead to the prediction that

the main effect of raising the level of domestic interest rates
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would be a switch from non-interest bearing money (Ml) to time
deposits and hence to interest bearing money (M2). 1In general the
interest elasticities with respect to money shown in table 4.10 are
bigher than those published in other studies. This is particularly
true with respect to those related to monetary variables. For
example, Coghlan [1978] reports interest elasticities for Ml in the
range between -0.1 and -0.5 for period 1964 to 1976.. Joknston
(19841 quotes similar elasticities for notes and coins held by the
non-bank private sector for period 1965 to 1982, In a similar
manner Artis and lewis [1976] report interest rate elasticities
over the period 1963 to 1973 varying between -0.03 and -0.26 for ¥l
and -0.24 and -3.00 for M3. Plerce and Tyson [1985] summarise the
information on short- term interest rate elasficities of the the
demand for money as follows:
Broad Estimates varying between -0.07 and -0.8
Farrow estimates * varying between -0.06 and -1.2

Turning now to the other interest-rate elasticities it is worth
comparing these with those reported in Melitz and Sterdyniak {1979]
who followed a similar approach to that adopted in this study - see
chapter 2.10. They report elasticities of +0.35 to +0.39 for the
ratio of government debt to money (broader definitions than used in
tﬁis study) compared with -0.34 for the inverse of this
relationship reported in table 4.9. Similarly they find own-
interest elasticities of -0.35 to -0.45 for the demand for loams in
real terms compared with -0.77 reported in table 4.10. Their
elasticity of the demand for loans with respect to the foreign rate

of interest is lower than that reported in table 4.10 - precise
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figures are not available because they do not report the average

value for this rate.

Regarding the various wealth elasticities, it was first of
all necessary to assume a particular value for one variable before
it is possible to derive the other figures. Following the work of
Baumol [1952] it was assumed that the elasticity of the demand for
notes and coins was 0.5. Consequently it may be more correct to
regard the various wealth elasticities as an index scaled relative
to the assumed value of 0.5. The elasticities appear to be on the
high side but it is difficult to make firm comparisons with the

results of other studies because of the initial assumed value.

It would be inappropriate to claim that the estimated
coefficients represent the precise population coefficients but,
nevertheless, we would claim that they are reasonably illustrative
of the type of functions estimated within the model. We now turn

to the estimation of the portfolio behaviour of the banking sector.
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Notes

1. To illustrate the methodology used we shall take the first stage
of the sequence of decisions described earlier and maximise
utility (U) - as defined in (4.5) - with respect to F and NDA
subject to the constraint:

RV = F/(14RC*) + FNDA/ (1+4R) (4¥. 1
where RV is the present value of real net worth
RG 1is a composite domestic rate of interest
RC* is the foreign rate of interest
Setting up the Lagrangean:
g = [t (F)™>Z+13%1 340z (RDA)-AZ22;5®2,177 7>
+ x[F/ (1+RC#) + KDA/(1+RG) - RV) (4X.2)

and maximising we obtain the first order conditions

SLE/EF = o USr=12F-¢x"10Z, 8,5 + x/(1+RC*) = 0 (4¥.3)
SLg/SKDA = azU<*+ 1 EDA=C>*1>Z e, + x/(1+RG)= 0 (48.4)
SLg/8x = F/(1+4RC*) + FDA/(1+RG) - RV = 0 (4F.5)
From (4N.3) and (4K.4) we have
(F/EDAY=<**1> = (4RI (Zz5%25/2+;5%:5)

(az/a1)1/(1+RC*) (4¥.6)

Taking natural logarithms, assuming a standard lagged adjustment
hypothesis and adding a disturbance term we arrive at the first
estimating equation:

Ln(F/BDA)+ = y7LnD + y7(8z,;LnZ2;-6+5LnZvy) +
y7{Ln(1+4RG)«-Ln(14+RC*) >} + (1-7)Ln(F/NDA) 1~y + €+ 48. 7

where y = -1/(1+X) and 7 is an adjustment coefficient 0Q¢7¢1
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D = Lnlaz/on)
Foting that Ln(1+RG) is approximately equal to RG given that RG
is a esmall figure and similarly for RC*, (4§.7) may be written
out in purely general terms as:
Lo(F/FDAYe = Bo + BrlnZzs - BzLnZ.s + BaRGe
=~ BsRC*e« + BaLln(F/EDA)e- (48.8)

Ln(F/BDA)e = £7{Zs4; Z=zs; RG-RC*; Ln(F/NDA)¢-1)} (4¥.9)
From the balance sheet constraint and given financial wealth it
is possible to obtain at once the absolute level of the non-bank
private sectors net foreign asset position and also its domestic
asset position. Given the composite asset NDA the procedure can
be taken further and subsequently employing the same principles,

the series of asset functioms.

This condition can be easily demonstrated by noting that the
ratio BL/DAS may be defined as:

Q =1L/(L + FDAY = f"(RL; ...... o) (4¥.10)

where L domestic loans

¥DA

net domestic assets

differentiating Q with respect to RL produces:

dQ/dRL = [ (L+KDA)dL/dRL-LdL/dRL]/ (L+NDA)= (4K. 10
Rearranging
dQ/dRL = [1/(EDA+L)1[ (1-Q)>dL/dRL] (4K§.12)

Thus provided Q is less than 1 (i.e. that KDA is greater than

zero) dQ/dRL is negative since dL/dRL is negative by assumption.
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To demonstrate this point, it is only necessary to consider a
situation where assets denominated in different currencies are
considered by economic agents to be imperfect substitutes.
Possible reasons for such imperfect substitutability include
political risk, governmental regulationg, potential or actual
capital controls etc. In this situation, market equilibrium
would require the return on domestic assets to equal the return
on foreign assets plus 2 risk premium representing compensation
for the extra risk involved in bolding assets denominated in
foreign currency. The relevant market clearing identity may be
approximated by:

R = R* + EeLlnSesr - LnSe + RP ' (4¥.13)

representative nominal domestic rate of interest

where R
R* = representative foreign nominal rate of interest
S = spot rate (& per $)
E = expectation operator
RP = risk premium

Terms of R, RF and RP being consistent with each other

Equality in actual or observed market opportunities would be

given by:
R=1Rs + FP (4¥. 14>
where

FP = forward premium or LnFS. - LnS. with FS = forward rate with
other variables as before

Substituting (4F.14) into (4N.13) and rearranging gives:

FP = E.LnSt«» - LnS. + RP (4¥.15)
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hence the forward premium is a biased predictor of the expected
change in the spot exchange rate given the existence of a risk
premium, i.e. provided RP is not equal to zero. Tests of
(4N.15) can be undertaken in two ways. First using the
definition that FP = LnFS - LnS and adding S: to both sides of
(44.15) produces:

E«lnSess = LnFSe + RP (48.16)
Hence running regressions of the form

LnSesr = oo + arLnFSe (48.17)
should produce values for oo and an of 0 and 1 respectively if
the forward rate is an unbiased predictor of the future spot
rate (i.e. RP = 0). Note in this test LnSi.: is the actual spot
rate in period t+l and FS. is the forward rate in period t.
This equation tests the accuracy of FS as a predictor of the
future spot rate. A more stringent test is to examine the
accuracy of the forward premium as a predictor of the future
change in the spot rate. This can easily be carried out by
running a regression of the form:

LnSt«r - LnS: = ato + o1 FPe (4§.18)
Or ASe = oo t o1 FPe (4¥.18a)
Again the estimated values of ao and o1 should be O and 1
respectively. The impression conveyed by the literature is that
estimates of (4§.16) are generally satisfactory but that the
values of oo and ai derived from equations of the type of
(4N.18a) often do not meet +the 'a priori' «conditions.
Furthermore their explanatory power is low. The results of

running regressions of the form of <(4¥.16) and (4N, 18a) are
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shown below and clearly they are in accord with the general

picture described above.

Estimation Period 1973(1) to 19804)

Coefficient t value

Dependent variable: LnSe+:

Constant 0.0382 0.72
LnFSe 0.9206 3.70
Durbin-Vatson statistic 1,278
R= 0.9206

Dependent variable: AS.

Constant -0.0081 0.42
FPe -0.5085 0.50
Durbin-Vatson statistic 1.473
R= ' : -0.057

Seasonal Dummies not quoted

4 Long-run partial elasticities for interest rates were calculated
in the following way. Starting from the estimated Ln(M2/B)
equation:

Ln(M2/B) + a+RD - a1RG + azLnRV + ALn(M2/B)e-y + ... (4K.19)
ignoring RG for simplicity of exposition then the long-run

coefficients are given by:
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Ln(M2/B) = o1/ €C1-X)RD + o/ (1-XOLnRV + ..., (4¥.20)
Assuming RV 1s constant and abstracting from changes in the
composition of wealth (since a change in RD would also alter the
value of ¥ due to valuation effects) and differentiating (4N.20)
with respect to RD produces:

6LnM2/6RD - SLnB/SRD = o (1-)) (4F.2D)
from the wealth identity assuming V¥ is constant:

$:6LnM2/8RD - §=6LnB/6RD = 0 (4¥.22)

where ¢. and ¢= are the respective shares of M2 and B in W
Hence

SLnM2/8RD = - (§=/¢1)6LnB/ERD (4K¥.23)
Substituting (4N.23) in (4K.21) and rearranging producés:

-(f=/$1)6LnB/SRD - 6LnB/&RD = o/ (1-)) (4§.24)
HEence a solution for &6LnB/6RD can be obtained, which on
multiplying by the average value of RD, provides and estimate of
the elasticity of B with respect to RD. It is then possible to
calculate the other elasticities of B with respect to interest
rates and also for M2.

Turning to the Ln(M1/DT) equation, a similar methodology can be
applied in conjunction with the identity:

B1€m1 ., k0 + Bz€DT,RD = €Mz, RD (4XN.25)

where 81 and 8: are shares of M1 arnd DT in M2
In a similar manner it is possible to derive the remaining
interest rate elasticities of the non-bank private sector

portfolio assets.
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The wealth elasticities can be derived directly from equation
(4X.20) and the other estimated equations provided one wealth

elasticity is assumed.
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Appendix 4. A: The Generation of

Expectational Variables

The two expectational variables were generated using the
McCallum [1974] technique for obtaining consistent estimates but
using a rather longer time period than that used for estimating

other coefficients within the model.

For expected output we used the log of expenditure GDP at factor
cost in constant 1975 prices so that:

E«LnYe = E(LDnYt/Qe-1) (44. D

where Qu.-1 defines the information set in the previous quarter.
In the output case the information set inclﬁded lagged output
values, lagged real balances and a time trend. Summary statistics

are set out below:

Table 4A.1
Dependent variable LnY
Sample period 1967 (1) to 19804
Mean A 10,04
Standard error 0.18
as percentage of
the mean

R® 0.9611

F(7,48) 194.97
Durbin"h" 0.06
1 : 56

The residual from this regression was further regressed on up to

eight lags of itself and the information set to check for "white
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noise” properties. A x® test supports the null hypothesis that the
residuals are information free (see Godfrey [19781).

Table 4A.2 Simultaneous Lags

X lag R= nR= X% €0.025)
15 8 .1002 4.81 17.5
14 7 . 0996 4.78 16.0
13 6 . 0822 3.95 14.4
iz 5 . 0794 3.81 12.8
11 4 . 0776 3.70 11.1
10 3 . 0619 2.97 9.4
9 2 . 0586 2.81 7;4
8 1 . 0316 1.52 5.0
R*n tends to x*c«v» where n = number of observations, k = the

number of parameters and L the number of lags.

Generation‘cf the expegted inflation rate was mare problematic.
The variable used was the consumer price index, but this was
gererated in a forward loocking manner so that:

EcALnPr+a = EelnPesa ~ LnPe (4A.2)

= E(ALnPe+a/Qt-1) (44.3)
so that E.ALnPi+a represents the expected annual inflation rate
one year -hence. The problem with such an approach is that, as is
well known, the residuals from this process (which can only exploit

the lagged one quarter information set) could exhibit up to fourth
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order serial correlation. Consequently any test of "white noise"

properties must take this fact into account.

Again using the McCallum technique the dependent variable ALDPi+a
was regressed on the lagged values of the Consol rate, expamnsion of
the U.S. money supply and the lagged real value of the U.K. money

supply. Summary statistics are outlined below:

Table 4A.3
Dependent variable ALnPt+4
Sample 1967(1) to 1980¢4)
Mean 0.1111
Standard error 20.52

as a percentage
of the mean

R2 0.8011

F(10,41) 56. 39

Durbin-Vatson statistic 0.9438

n | ‘ 52

The residuals from the expected inflation generation equations
were then regressed on their own lags of up to 4 quarters. The
fesiduals from this equation were again retained and tested for
information content by regressing them on their own lags of up to
eight quarters together with the information set used to generate
the expectational series. The table of x* statistics presented
below again generally supports the 1null hypothesis +that the

residuals are information free.
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Table 4A.4 Simultaneous Lags

k lag R= nR¥ X< (€0.025)
19 8 4174 16.70 17.5
18 7 .3802 15.21 16.0
17 6 .3078  12.31 14.4
16 5 .2912  11.65 12.8
15 4 2174 8.70 1.1
14 3 . 1797 7.19 9.4
13 2 . 1540 6.16 7.4
12 1 . 150z 6.00 5.0

R?n tends to y®«.» where n is the number of observatiomns

and L the number of lags.
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Appendix 4. B:

Autocorrelation Tests

As discussed in the main body of the text supplementary tests
were carried out to check for the existence of serial correlation
beyond that for first order as evidenced by the quoted
Durbin-Vatson statistics. The basis of +these tests is the
regression of the residuals on their own lagged values and all the
explanatory variables (including constants and seasonal binary
variables) used in the original estimating equation. In this
connection the actual variables were employed rather than the
instruments used in the estimation procedure. The estimating
equation took the general form:

ERR: = aX + IpnERRe-w (4B. 1

where X = Vector of explanatory variables appearing in the

original equation

ERR = Actual - Estimated variable
The performance of (4B.1) was then compared with (4B.2)

ERRe = oX + Ipn-1ERRe-k—1 (4B.2)
using the likelihood ratioc test to examine the hypothesis p. = 0
against the alternative hypothesis that p. # 0. These tests were
éarried out sequentially for each of the non-bank private sector
portfolio equations until the final test took the form:

ERRy. = oX + p1ERRe— (4B.3)
against the performance of ithe equation:

ERR: = oX (4B. 4)
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Absence of serial correlation requires the "x*" statistic for the
ratio x® = n¥ln(S*,./S.) to be 1less than the critical value
according to the level of significance adopted which was a type 1

error equal to 5%. where;

T = number of restrictions

S%,. = restricted sum of squares
S2., = unrestricted sum of squares
n = number of observations

Tests were carried out to check for serial correlation up to
fourth order (i.e. k = 4 in (4B.1) and (4B.2) above) and the
results of the tests are shown in table 4B.1 below. There is some
indication of the continued existence of serial correlation
remaining within the equations since two of the tests produce “x="
statistics greater than the relevant critical value. One possible
explanation of this is that a solution is obtained for only oOne
expectational wvariable within the model namely the expected
exchange rate. Two expectational variables have been estimated by
the McCallum technique and are therefore assumed to be fixed.
Other expectational variables from the real and overseas sector may
be relevant to decisions within the financial sector and these
excluded variables may be responsible for the small degree of

serial correlation evidenced by the tests.
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Table 4B.1 Autocorrelation Tests.

Hypotheses
Null Alternative LFCD LMTD LMBA LBLA LDOSA
pa=0 p1#0,p=20, pa20, 0.313 0.652 13.028% 0.896 0.232
paz0
p==0 p1#0,p=#0, p320 0.209 7.367% 1.605 0.004 0.541
p==0 p1#0, pz%0 0.002 1.645 0.001 0.467 0.540

p1=0 p1#0 0.000 0.001 1.078 0.374 0.996

T indicates significance at the 5% level.
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Chapter L) Bankling Sectorxr

Por-tfolio Behaviour

5.1 Introduction

For the purposes of this study the banking sector refers to
United Kingdom offices of all banks that have'agreed to observe a
common ratio and other credit arrangements together with the
institutions of the discount market. Unlike +the official
definition, it excludes -the banking sector of the Bank of England.
Ir sections 2 and 3 we examine the environment within which the
barks operate and also present estimates of their portfolio

beraviour.

5.2 Analytical Environment

In terms of the balance sheet identity

DS + DT + OL = L +BLOS + BB + HB + SFECD + FB 4.4)
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DT, HB, BB, FB and TEL (= L+BLOS) are treated as endogenous toc the
banking sector, DS is to be treated as demand determined i.e.
perfectly elastic in supply. The remaining two variables 0L and

SPECD are treated as exogenous.

Specification of the behavioural equations must reflect the
institutional environment contained in the system of Competition
and Credit Control which was 1in operation throughout the
observation period though with some modificationms. This eystem
continued until 1981 and it is therefore necessary to examine
briefly how it affected the money supply process. Three features
are relevant in this respect. These are i) the reserve base
specified for the banks, ii) the ability of the banks to create

reserve assets and iii) the conduct of monetary policy.

First with respect to the reserve base, the introduction of the
system of Competition and Credit Confrol entailed the replacement
of the then existing reserve requirements (i.e. 8% cash ratio and
28% 1liquid asset ratio) with a single reserve ratio of 12.5%
against banks' eligible 1liabilities . Within the contezt of
Competition and Credit Control the banks could acquire extra
reserve assets either by increasing their share of a given toial of
such assets or alternatively by maintaining their share but
increasing the total volume of reserve assets. The first method
entails the banks buying reserve assets from non-bank holders of
such aésets. In practice the scope for such operations was iikely

to be limited because non-bank holdings were quite widely scaitered
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and not particularly large relative to banking sector holdings (see
e.g. Zawadski [(1981)) . Consequently such a purchase operation
would probably have been quite expensive. The second method
involved interplay between the banks and the discount houses. Two
types of transaction can be distinguished; i) operations which did
not involve any increase in the scale of the discount houses'
business and 1i) operations which increased the scale or nature of
their business. With regard to the first type of transaction, bank
lending to the discount houses took two basic forms; money at call
(i.e a reserve asset) and market loans (i.e. a non-reserve asset).
Hence when they were short of reserves, the banks cpuld switch
their lending from market loans fo money at call. This resulted in
an increase in +the banks' holdings of reserve assets without
"altering in any significant manner, either their own or the
discount houses' operations. As reported by Greenwells Special
Monetary Bulletin dated 2/3/79 page 4, the banks took advantage of
this method to achieve significant increases in their holdings of
reserve assets (£800m in the banking month to mid October 1976,
£586m in the banking month to mid August 1977 and £168%m between
mid Fovember 1977 and mid February 1978). Vith respect to the
second type of transaction, the banks could arrange a swop of
assets exchanging non-reserve assets for reserve assets with the
discount houses - for example government debt with more than one
year to maturity for debt with less than one year to maturity.
Alternatively the banks could sell the discount houses non-reserve
asseté and provide finance for their purchase by way of money at

call or short notice. The scope for this latter type of
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transaction was in fact restricted by two ratios imposed on the
discount houses. First the discount houses had to maintain an
'appropriate relationship’' between the scale of their business and
the size of their capital and reserves. Secondly there was the
‘undefined asset multiple' (i.e. the ratio of assets other than
defined public sector debt to capital and reserves) which was
restricted to a limit of 20. Furthermore expansion of the scale of
their business in times of rising rates of interest could prove
expensive to the discount houses because of the fall in capital

values of some of their assets such as gilt-edged securities.

Fevertheless, despite these caveats, it is clear that the banks
could and did increase their boldings of reserve assets within the
context of Competition and Credit Control. Consequently these
reserve assets cannot be viewed as a surrogate monetary base. Iu
contrast increased holdings of assets traditionally regarded as the
monetary base -(i.e. notes and coins‘and balances at the Bank of
England) could only be acquired with the acquiescence of the

authorities.

A useful starting point for the discussion of the third point,
i.e. the relevance of monetary policy to the determination of the
money supply, is contained in the green paper "Xonetary Control*
(HMSO [19801)., This paper listed the main instruments of control
of the mﬁney supply as i) fiscal policy, ii) short-term interest
rates, iii) gilt-edged funding, iv) special deposits W

quantitative controls. The instrument most relevant to this
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discussion ie number 1i). Short-term interest rate control was
achieved through the Treasury bill issue and MLR (originally linked
to the Treasury bill rate but an administered rate after 1978).
The technique adopted was to issue a quantity of Treasury bills in
excess of the funds available to the market as estimated by the
authorities. Consequently the discount houses were forced 'into
the bank' to borrow funds so that the Bank could relieve the
resulting shortage of funds at the structure of interest rates
desired. In other words the supply of the monetary base became
demand determined at the rates of interest desired by the
authorities. Alterations in the rate of interest .could be
engineered by variations in MLR and the support. price. ‘Clearly the
Treasury bill rate and MLR would have a strong influence on other
rates of interest and in particular other short-term rates of
interest. Consequently the main method of controlling the growth
of the money supply was to change rates of interest rather than to
achieve changes in the size of the monetary base. Vithin this
framework, the role of special deposits was generally taken to be a
support towards the achievement of the desired structure of
interest rates. A dissenting view is expressed by Bewley [1981]
who claimed empirical support for the view that calls for special
deposits led to a significant reduction in Dbank deposits.
Nevertheless it is true that interest rates were also varied
according to the state of the monetary aggregate. Given monetary
targets interest rate policy was also a means 0f achieving these

targets so that in practice monetary policy was in all probability
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a compromise between achieving a desired interest rate structure

and the money supply target.

The conclusion reached from the discussion of these three
factors is that the 12.5% reserve ratio was not a major determinant
of the money supply during the period of Competition and Credit
Control. Consequently the general strategy adopted is to assume
that the authorities attempted to fix the Treasury bill rate by
their daily intervention in the money markets. Given this rate
(i.e. it 1s 1treated as exogenous tc the banking sector for
estimation purposes) the banks demand a quantity of base assets
which demand is met by the authorities. Similarly the Banks demand
public sector debt given the structure of interest rates.
Consequently the quantity of both the monetary base and also
government debt held by the banks is demand determined. This
strategy requires the public sector budget constraint to be

specified in the following manner:

FSBR = Bond + Foreign + aH + Government G.D
sales exchange intervention
market in domestic
intervention money markets

Bond sales includes all forms of public sector debt to the non-bank

private sector and to the banks. AH includes changes in holdings
of monetary base by the banks and the non-bank private sector.
Government intervention in the domestic money markets is the slack
variable which ensured total demand for monetary base and public
sector debt is satisfied given the Treasury bill rate of interest
and the size of the PSBR. The banks are assumed to have some

control over their supply of sterling loans and time deposits. The
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model will incorporate supply functions for these items by
inclusion of equations specifying the rates of interest charged on
bank loans and paid on bank deposits. A similar strategy was
followed for the rate of interest on bank loans by Melitz and
Sterdyniak [1979]. The remaining choice asset FB is given by the

balance sheet identity (4.4).

5.3 Estimation

The methodology adopted is similar to that wused in the
estimation of the non-bank private sector. The functions are
estimated in ratio form with banks' net holdings of overseas assets
treated as the slack or residual asset in the balance sheet.
Estimation was again carried out through the TSP programme using
ordinary least squares (QOLS), inétrumental variables (INST).
Estimation results are reported in Tables 5.1 to 5.4. Seasonal
binary coefficients are not quoted. The estimation period rumns
from 1973(1) to 1980(4), Throughout the estimation process the
interest rate variables RG and R (i.e on government debt and the

money market rate respectively) were treated as exogenous.

The banks supply of loans as a ratio to total liabilities is
hypothesised to be a positive function of the loan rate (i.e., the
higher the 1loan rate the more loans supplied)> and a negative

function of the return on competing assets (i.e., the higher the
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bond rate the smaller the quantity of loans supplied). The
representative cross rate of interest was taken to be the exogenous
Treasury bill rate although other rates of interest were tried as
reported below. Consequently the estimating equation took the
following form:

TBL/ (D+0L) = a= + o+ RL + o=RM + € B.D

az < 0 < an
where TBL = Total sterling bank lending
RL = Rate of interest on bank loans
RM = Treasury bill interest rate
OL = Other liabilities

error term

m
I

For purposes of estimation equation (5.1) was inverted to obtain:

RL = Bo + B:1[TBL/(D+OL)) + BzRM + €' (5.2)

where Bo = ao/an
Br.= 1/a; > 0
Bz = —az/on > 0
€' = - (1/an €

The rationale underlying equation (5.2) mey be summarised as that
in order to achieve the desired structure of assets within the
portfolio, the banks set the interest rate Dnlloans in the light of
i) the short term rate of interest fixed by the authorities and ii)
the proportion of their portfolio held in the form of loans. This
approach differs from that adopted in the macromodels surveyed in
Chapter 2 which in gemeral allowed for little scope for the banks'

preferencec in the determination of the supply of their 1loamns.
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Estimation results are reported in Table 5.1 and are generally
quite satisfactory. The coefficients are correctly signed and
apart from the constant term significantly different from zero at
the 5% level of significance. The Durbin-Vatson statistic exceeds
the upper critical value at the 5% level so that 1t is possible to
accept the null hypothesis of 2zero autocorrelation. Tests for
higher order correlation for this and other estimates are reported

in Appendix 5.B.

A number of other variables were also tried as discussed
briefly now. First, incorporation of special deposits as an
independent variable failed to improve the ‘performagce of the
equation. Second, it would be interesting to examine whether
deposit 1liabilities and other 1liabilities have had different
influences on the loan rate of interest. Separation of deposits
and other liabilities also fgiled to improve the fit and
performance -of the equation. | Third, the performance of
additional/alternative rates of interest was examined. The use of
the deposit rate instead of the Treasury bill rate was generally
unkelpful since it rendered insignificant the coefficients of the
lending variables i.e. TBL/(D+0L) etc. Further the role of the
foreign rate of interest was also investigated as an additional
variable, In most cases the coefficient on this variable was
correctly signed but not significant. This is perhaps due to the

high degree of correlation between the two rates of interest (i.e.
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Table 5.1 The Supply of Bank Loans

Dependent Variable RL Mean Value = 0.1157

Constant RX LENRAT

OLS -0.0711 0.8733 0.1207
(2.83) (24.70) (3.3L)

R= 0.9708, SSR 0.0007, S 4,24 DV 1.77
INST ~-0.0611 0.8806 0.1073
(1.7 (21.98) (2.14)

SSR 0.0007, S 4.24, DW 1.72

NB Lenrat = L/ (D+0L)

Instruments: RM, LENRAT.-:, Constant
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RM and RC*) as evidenced by a simple correlation coefficient value
of 0.829. Further estimates were therefore tried comstraining the
two coefficients to be equal. Given the consistently high "t"
value o0f the estimated coefficient of RM it was perhaps not
surprising that the estimated coefficient for the new synthetic
variable (RM+RC*) was correctly signed and significant. However
the explanatory performance of the equation deteriorated as
evidenced by higher standard errors. For these reasons it was
decided to adopt (5.2) as the specification of the equation

determining the rate of interest charged on bank loans.

The supply of time deposits as a ratio to total liabilities is
hypothesised to be a negative function of the own rate of interest
(i.e., the cost of obtaining deposits) and a positive function of
the yields on assets held against deposits. The representative own
rate of interest was specified to be.the London interbank sterling
3 month deposit rate . This rate was chosen as opposed to the more
traditional seven day notice deposit rate paid by the London
Clearing Banks in view of the growth of liability management by the
banks. In this connection it is interesting to note that the
London Clearing Banks indicated to the Vilson Committee that 40% of
sterling deposits were obtained in the wholesale interbank market.
The yield on the corresponding earning assets was assumed to be
that earﬁed on the principal asset held i.e. loans in sterling. 1In

addition it may be assumed that banks will be willing to increase
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their supply of time deposits 1f the return on foreign currency
assets is increased. The resulting equation was therefore:
DT/ (D+0L) = ao + oWRD + azRL + asRC* + € (5.3)
oy < 0 Coaz,az
where RD = time deposit interest rate
RC* = covered foreign interest rate
other variables as before
Equation (5.3) was also inverted to obtain the rate of interest omn
deposits as the dependent variable:
RD = Bo + B2[DT/(D+0OLY] + B=RL + B=zRC* + €' 5.4)

1/an <0

where B
Bz = ~a=/ar > O
Bz = —az/cyv > 0

~(1/a3)€

m
]

The rationale wunderlying the specification of (5.4) may be
summarised in a similar manner to that described earlier for the
loan rate, that is, in order to achieve the desired structure of
liabilities within their portfolio, the banks set the rate of
interest on time deposits according to i) the returns on assets
beld against deposits and ii) the proportion of their liabilities
held in the form of interest bearing liabilities. Table 5.2
reports estimation results for the rate of interest on time
deposits. Early experimentation revealed that 1) seasonal
variables did not add to the explanatory power of the the various
estimated equations and ii) the performance of the equation was
improved when the coefficients Bz and B= were constrained to be

equal. The overall impression is that the various methods of



- 145 -

Table 5.2 Supply of Bank Time Deposits

Dependent Variable RD Mean Value = 0.1190

Constant RL+RC* TDRAT p
OLS 0.0146 0.5388 -0.0659
(0.88) 22.3) (1.73)

R 0.9428 SSR 0.0018 S 6.64 DV 1.33

OLs 0.0100 0.5313 -0.0511 0.3301
(0.45) (17.78) (0.99) (1.87)
R= 0.9120 SSR 0.0016 S 6.30 DV 1.81
INST 0.0243 0.5510 -0.0944
(1.32) (18.35) (2.32)
SSR 0.0018 S 6.72 DV 1.34
IEST 0.0268 0.5625 -0.1062 0.3154

(1.00) (12.20) (1.82) 1.7

SSR 0.0017 S 6.47 DV 1.80
K8 TDRAT = DT/ (D+0OL>

Instruments: Constant, (RL+RC*)e—1, TDRAT:-n
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estimation produced broadly similar results. There is, however,
evidence of first order serial correlation since in the abserce of
allowing for this in estimation, the Durbin-Vatson statistics lie
in the indeterminate region. All the coefficients are sigred in
accordance with "a priori" expectations but it is noticeable that
the coefficient for the variable DT/ (D+0L) only verges on being
significant at the 5% level - and even then only after allowing for
the presence of first order serial correlation in the estimation

procedure.

The rationale wunderlying the specification of +the banking
sector's demand for public sector debt within their portfolio of
domestic assets is that the banks desire a normal ratio between
their holdings of public sector debt and sterling loans. This
ratio will not be a constant but will vary positively according to
the gap between the rate of interest on on public sector dett and
that on loans. (i.e., the more profitéble holdings of public sector

debt are in relation to loans):

BB/TBL = Bo + B1(RG-RL) + € E.9
£1. 2 0
where BB = banking sector's holdings of public sector dedt

other variables as before
Inclusion of the lagged dependent variable may be necesszry to
allow for lagged adjustment. Early experimentation confirmeé that
this was so. In addition the use of binary variables to capture
seasonal influences was also tested using a standard F test. The

null hypothesis that this set of variabies did not contribute to
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the explanatory power of the estimating equation could not be
rejected. Nevertheless, the equation performed better in some
other respects with rather than without seasonal binaries. First,
at least one of the binary variables was always significant at 5%
level. Second, without seasonal variables, .the constant term
assumed what seemed to be an excessively important role. Third,
the value of R? fell marginally when these additional variables
were excluded even though they did not add significantly to the
power of the equatioans. Fourth, the coefficients for the other
variables were more likely to be significant if accompanied by
seasonal variables. Finally bank holdings of government debt may
be expected to follow a seasonal pattern dependent on the flow of

payments to the public sector.

The estimation results are reported in Table 5.3. The
coefficient for the interest rate gap is always correctly signed
and generally verges on being significantly different from zero at
the 5% level of significance. The value of the Durbin "h" statistic
approaches the critical value of 1.645 for the OLS estimate and
just exceeds this figure for the instrumental variable estimate.
.The purging of first order serial correlation carried out for both

estimation methods provides more satisfactory estimates.

The theoretical underpinning of the banking sector's demand for
monetary base is, as stated earlier, that the authorities fix the
Treasury bill rate of interest by their daily interventions in the

money market. During the observation period the Bank of England
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Table 5.3 The Demand for Bonds by the Banking Sector

Dependent Variable Ln(BB/TBL) Mean Value = -1,337
Constant RG-RL Lagged p
Dependent
Variable
OoLs ~-0.3817 1.636 0.7203

(2.20) 1.77) 6.83)

RZ 0.7426 SSR 0.1708 S 6.06 DW 1.56 (1.55)

OLS -0.4362 1.981 0.6127 0.3061
(2.72) (1.84) (4.89) (1.67)
R= 0.6410 SSR 0.1599 S 5.86 DV 2.14 (-0.56)
IRST -0.3303 1.825 €.7120
(2.20) (1.62) (6.52)
SSR 0.1710 S 6.07 DV 1.54 (1.65)
INST -0.5325 2.839 0.5625 0.3611

(2.83) (1.90 4.1 (2.02

SSR 0.1631 & 5.92 DW 2.15 (-0.67)

Instruments: Constant, RX, OL, T, Ln(BB/TBL)v+-:, Seasonal Binaries
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operated so as to make the banking system short of cash with this
shortage being relieved by the Bank at interest rates of its
choosing. Given thie framework the quantity of monetary base held
by the banking sector was demand determined subject to the minimum
ratio imposed by the authorities. It should therefore have been a
relatively simple task to estimate a function of the general form:
Ln(HB/D) = Bo + B1RM + ¢ (5.6)
$1. <0

In fact estimation proved difficult despite Howard's [1982]
confident assertion that "in the present British monetary system
the banks demand for cash reserves is a well defined and well
behaved function of bank liabilities and a few other variables"
(page 21). A reworking of Howard's methods applied to our data is
shown as an appendix 5.A to this chapter. Iwo reasons may be
perhaps advanced for our difficulties. First, intervention is on a
daily basis whereas estimation is based on quarter ends. Second,
the change in the system with the introduction of Competition and
Credit Control may have meant that the banking system took some
time to learn how the system worked. On the other hand it is
interesting to note that the Bank of England reported that for the
largest component of the monetary base "it has not been possible to
find a2 stable econometric relationship between interest rates and
cash balances in this country" (BEQB [1982] page 520). Similarly
Johnston [1984]1, whilst finding support <for interest rate
responsiveness of i) the total monetary base and ii) cash holdings

of the non-bank private sector, found little evidence that banks'
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holdings of till money or of operational balances at the Bank of

England were sensitive to interest rate movements.

Representative estimates are presented in Table 5.4. The
general picture is that it is possible to obtain reasonable
estimates of the banking sector's demand for monetary base but only
at the expense of severe first order serial correlation. VWhen this
serial correlation is purged from the estimating equation the
coefficient of the Treasury bill rate becomes insignificant. Even
then the Durbin-Vatson statistic falls within the indeterminate
range making it impossible to assert confidently that no first
order autocorrelation remains. The same .general. picture is
obtained when a time trend is included or the loan rate of interest
substituted for the Treasury bill rate. Incorporation of the
lagged dependent variable grastically reduces the significance of
the constant term whilst at the same time bearing a coefficient
which suggests implausibly long adjustment lags (in the region of
11 quarters). At the same time no real improvement in the
performance of the equation is obtained. Consequently it was
decided to remain with the specification outlined in (5.6) because
. of our prior belief that interest rates affect the demand for
monetary base by the banks but at that same time noting that this

equation is one of the least satisfactory estimates in the model.

Initially it was intended to leave the banks' holdings of
foreign assets as the residual element obtained from the balance

sheet identity (4.4). Problems arose with this approach with
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Table 5.4 The Demand for High-Powered Money by the

Banking Sector

Dependent Variable Lan(HB/D) Mean Value = —-3.385
Constant RN p
oLs -3.103 -2.112

(31.4) (2.88)

R= 0.1487 SSR 0.3876 S 3.54 DV 0.64

OLS -3.307 -0.3387 0.8408
(23.58) (0.4 (7.05)

R= 0.8668, SSR 0.1934, S 2.50, DV 2.697
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respect to simulation of the model because convergence was
difficult to obtain (see chapter 7). Consequently it was necessary
to estimate an equation specifying the banks' net holdings of
overseas assets (FB). Following a similar methodology to that
adopted for non-bank private sector net holdings of overseas assets
we assume that the banks wish to maintain, within their portfolio,
& ratio of net overseas assets to domestic assets <{FB/(TBL+BB)).
This ratio will not be comstant but will vary according to relative
rates of return (i.e., positively with the foreign rate of interest
and negatively with the démestic rate) so that the estimating
equation can be specified as:

FB/(TBL+BB) = 8o + B.R* + BzFP + BzRL + ¢ 5.7
Bz < 0 < B1,B=

$+ and Pz were not constrained to be equal so as to
allow for the fact that not all foreign investment is ‘covered’
against the risk of exchange rate changes. Partial adjustment can
be allowed for by incorporating the lagged dependent variable on

the right hand side of (5.7).

For period 1973(1) to 1980(4) equation (5.7) proved
~difficult to estiméte since the estimated coefficients o0f the
interest variables were invariably insignificant and also
incorrectly signed. It was thought that perhaps these poor results
were due to the impact of exchange controls so additional estimates
were tried for the period 1980¢(1) to 1984(4). The ordinary least
squa?es estimate (equation 1 in table 5.5) gave promising results

with all variables (except the constant term) significant at the 5%
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Table 5.5 The Ratio of Net Overseas Assets to Domestic
Assets for the Banking Sector

Dependent Variable FB/(TBL+BB) Mean Value = 0.0222

Constant R* ¥pP RL Lagged p
‘ Dependent
Variable
OLS 0.0116 0.1569 0.2711 -0.2119 0.7448
(1.87) 1.0 (1.55) (1.24) (4.22)

§; 0.6611 SSR 0.0023 S 18.92 DV (1.927) (0.28)

OLS 0.0099 0.2451 0.3613 -0.3207 0.9075 -0.4466
(2.06) (1.79) (2.29) (2.09) (6.73) (1.57)
R= 0.7322 SSR 0.0002 S 18.47 DV 1.587 (1.20)

INST 0.0103 0.4836 ¢.7021 -0.53%91 0.07570
(1.16) (0.95) (1.09) (1.01) (3.23)
SSR 0.0004 S 25.23 DV 1.7995 (b/d>

INST 0.0097 0.1357 0.2180 -0.2008 0.8852 -0.3258
(1.92) (0.68) (0.93) (0.91) <(5.90 (1.1

SSR 0.0002 S 19.37 DV 1.608 (1.24)

Instruments: Constant, FPt—w,R*,RM, FBi-:, Seasonal Binaries
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level or verging on significance. Estimates by the instrumental
variable approach +tended to remove the significance of the
coefficients. Possibly this is attributable to the fact that
instrumental variable estimates are in general not efficient and
the beneficial property of consistency is asymptotic. However, it
was decided to remain with the instrumental variables estimates
though the non-logarithmic estimate <(equation 4) was used as it

tended to assist convergence of the model,

Table 5.6 presents estimated long-run elasticities of

the dependent variables with respect to their various determinants.

Table 5.6 Long—Run Elasticities
Dependent Variable Variable Elasticity
RL RM +0.847
~ -~ LENRAT +0.681
RD ' RL +0.547
RC* +0.627
TDRAT -0.399
Ln(EB/D) RM -0.038
FB/ (TBL+BB) R* +11.79
’ FP +0.65
RL -12.30

Two salient features of this table are worth comment. First, as
noted earlier we have not obtained a satisfactory estimate for the
high powered money demand function which is in any way sensitive to
the rate of interest. Second, our bank supply functions leave a

role for ©bank portfolio preferences over and above that
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attributable to the change in rates of interest engineered by the
authorities. This contraste with the common procedure adopted in
most of the macroeconomic models surveyed in chapter 2 where the
lending rate in essence follows a simple mark-up procedure on the
"key" short-term rate of interest. It is also instructive to
compare the estimates shown in table 5.6 with those obtained by
Melitz and Sterdyniak [1979] who followed the same approach. The
long-run elasticity of the loan rate of interest with respect to
the ratio of loans to (deposits+net worth of the banking sector)
was in the region of 0.52 against the figure of 0.68 reported for
the similar variable lenrat reported in table 5.6. On the other
hand the estimated coefficient for the money-market rate of
interest just exceeded unity as against the figure of 0.87 shown
in table 5.1 - the average value for the money-market rate of
interest over the estimation period was not reported by Melitz and
Sterdyniak. The methodology concerning the determination of the
rate on time deposits is not the samé for the two models so that no
comparison is possible. Consequently, as is the case for the
coefficients for the non-bank private sector portfolio behaviour,
we do not claim that the estimated coefficients represent the
precise population coefficients but rather that they are reasonably

illustrative of those contained within these types of functioms.
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Assets clascified as reserve assets are detailed below:

i

iid

iid)

iv)

Balances with the Bank of England (otber than special
and supplementary special deposits).

British government and Korthern Ireland government
Treasury bills, local authority and commercial bills
eligible for rediscount at the Bank (subject to a
maximum of 2 percentage points out of the 12.5% in the
case of the latter category).

Money at call with the London money nﬁrkefs - mainly
with the discount houses.

British government stocks and government guaranteed
nationalised industry stocks with one year or less to

firal maturity.



- 157 -

Appendix 5. A: The Demand for

Monetary Base

Howard (1982] provides a fairly detailed study of the demand for
moretary base over a similar period to that in this study
(197171978 instead of 1973/19880) but using monthly data. The
demand for monetary base function was specified to take the form
(using our notation rather than that ir Howard):

HB/D = a + (yoty:RMODS/P + (Yo+¥ RKODT/P + BLA/P +pRHB/P (54A.1)

where LA = liquid assets

RHB

required holdings of monetary base
other variables as before
Howard also included additional variables din his initial
theoretical specification but these were subsequently excluded on
the statistical grounds of insignificénce. Rearranging (5A.1) and
assuming that p = 1 produces:
IR/D = a(D/P)"" + (yo=¥&)k + (y1-¥,)kRM + BLA/P (54.2)

where XR = excess reserve holdings

k = DS/D

other variables as before

Separate designation of liquid assets is not consistent with our
classification of bank assets/liabilities as shown in the balance
sheet listed in Table 5A.1. Similar remarks apply to the division

cf monetary base between required and excess holdings. A thirad
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minor difference arose from the fact that our equation was
specified in nominal terms and this consequently eliminated the
price level from <(5A4.2). These wvariations resulted in the
estimating equation taking the form:

HEB = Bo + B+RM + B=2kRM + BaD-' + Bak (54.3)
The signs of the partial derivatives of HB/D are

shown below:

Variable Partial Derivative
RM Bitkf= < 0
k Bat8-RM.> 0

Results of estimating this equation using OLS is shown in Table
54.1. At first sight the coefficients seem well defined. The
explanatory power of the equation is high but the Durbin-Vatson
statistic falle in the indeterminate region (for levels of
significance af 5%, 2.5% or 1% indiéating the probable presence of
positive autocorrelation. More serious objections concern the
signs of the partial derivatives. Evaluation at the mean values of
RX and k produce estimates of -0.00034 and -0.011 respectively.
The coefficient for k is incorrectly signed with the implication
that the higher the ratio of sight deposits to total deposits the
less the quantity of monetary base demanded by banks. Similar
results occur when estimation follows the instrumental variable
approach or allowance is made for first order serial correlation
(equations and 2 and 4 in table 5A4.1). Introduction of a time

trend failed to alter materially the results noted above or produce
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Table S5A.1 Demand for High-Powered Money by the
Banking Sector (Reworking of Howard's Results)

Dependent Variable Ln(HB/D)> Mean Value = 0.0342

Constant RX¥ kR¥ k De—n P
1 OLS 0.0775 -0.0045 0.0103 -0.1265 471.3
3.4) 2.4 2.4 2.5 7.9

R= 0.8864 S 4.97 DV 2.708

2 0OLSs 0.0795 ~-0.0046 0.0103 -0.1288 452.6 -0,4542
(5.0) (3.6) (3.4) (3.6 (11. 1 2.4)

R®= 0.9411 & 4.3%9 DV 2.01
3 IKST -0.0043 -0.0050 0.0115 -0.1425 453.9
(4.5) (1.1 1.1 (1.2) 4.4)

S 4.91 DV 2.703

4 IKST 0.0671 -0.0036 0.0080 -0.1012 466.2 -0.4834
3.1 2.0 (1.9 2.1 (10.6) 2.3)

S 4,39 DV 1.945

(1-k) (RM-kRX)
5 QOLS 0.0435 -0.0005 443.2
(7.6) 2.0 6.7

S 5.85 DV 1.865
6 INST 0.0436 =-0.0005 442.2
(7.6 2.0

S 6.14 DwV 1.845

Instruments: Time Trend, PSBR, RM, Constant, OL, Seasonal Binaries
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a statistically esignificant coefficient. This result contrasts
with that obtained by Howard where a statistically negative

coefficient was attached to the time trend.

Applying average values of RK and k to the equation estimated by
Howard in his study suggests that the partial derivative of excess
reserves to k was also negative. Howard fails to discuss the signs
of the partial derivatives with respect to the estimation of the
initial equation. Instead he goes on to consider the statistical
significance of the coefficients (i.e. yo, ¥1, Yo and Y. etc). He
discovered that only one of the estimated coefficients (i.e. yo) is
not significant.

Eliminating yo alters (5A.3) to:
HR = B:RM 4+ BzkRM + BzD"' + Be(l-k) (54.4)

with the following partial derivatives:

Variable Partial Derivative
RM a+(Y1"X1)k < 0
k -—Xo+<y1_¥1)RM > 0

The signs for the coefficients for this equation (including those
omitted in our simplification noted earlier) were checked by Howard
and found to be in accordance with the relevant theory. Our
experience is different. Examination of the original estimated

coefficients (i.e. Yo etc) from the estimated equation 1 in Table
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5A.1 showed that two coefficients <(both Bo and B.) were
insignificant. Eliminating both these variables from (54.2)
produces:

HB/D = Be (RE-KRM) 48D + Be(1-k) (54.5)

with the relevant partial derivatives being:

Variable Partial Derivative
RK Be = ¥ <0
k -B=-B=R¥K > O

The results of estimating equation (5A.5) are ehown in Table SA.1
as equations 5 and 6. Both equations using OLS and instrumental
variable estimates yield similar results. The problem of tke
perverse sign of the partial derivative with respect to k remains
(-0.038 for the OLS estimate). Neither equation shows any sign of

serial correlation.

One further curiosity'in Howard (19821 remains. Although using
monthly data, only eleven seasonal variables were incorporated in
the reported regression equation. In addition a constant term was
tried "to allow fully for seasonal effects". The constant term was
not significant. We tried regressions with an additicnal binary
variable (making four in all) without a constant term. This did
not solve the problem of the perverse sign of +the partial
derivafive with respect to k. However, the inclusion of the

additional sezsonal variable did render the coefficients for (1-k)
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and (RM-kRM) statistically insignificant but left their signs in
accordance with the results reported in Table 5A.1. The
coefficients for all seasonal binary variables were statistically

significant.

The conclusion drawn in this appendix is that reproduction of
the results contained in Howard [1982] is difficult using quarterly

data over the observation period in this study.



- 163 -

Appendix 5. B:

Auvtocorrelation Tests

The basis of the tests is precisely the same as that outlined in
Appendix 4.B for the non-bank private sector. A summary of the

tests is presented in Table 5.B1.

As far as first-order serial correlation is concerned the tests
replicate the results of the Durbin-Watson statistics. Three of
the equations appear to be free of first-order serial correlation
whereas, in line with the results noted in the nain-body of the
text, it has not been possible to purge the high powered money
equation of serial <correlation despite the wuse of an
auto-regressive estimation procedure. Turning now to the higher
order statistics, it is not possible to state categorically that
there is no evidence of serial cﬁrreiation in view of the existence
of two significant yx® statistics; 1i.e. fourth order for the RIB
equation and second order for the RL equation. These blemishes
appear to be relatively minor and may be attributable to the same
causes as advanced 'in Appendix 4.B; that is exclusion of other
expectational variables arising from the behaviour of the real

sector.
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Table 5B.1

Eypotheses

Full

p4=0

Alternative

p1#0,pz#0, paz0, paz0

p1¢0,p2#0,p3$0

p1#0,pz=#0

Pl#O

ED LBLL

8.457% 2.458

0.972 0.004

0.651 3.916

0.010 0.574

¥ indicates significance at the the 5% level.

RL LBHD

1.876 0.001

2.636 0.324

6.512* 0.331

0.007 14.9331
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Chaptexr 6 DATA DESCRIPTION

6. 1 Data Sources

The data discussed in this section refer to the items contained
in the balance'sheets listed in chapter 4 with the same symbols
being used. The two key sources of the data are; i) Financial
Vealth data for the non-bank private sector - first published in the
August 1981 edition of Financial Statistice and ii) Table 6.1 of the
Financial Statistics which shows total assets and liabilities of the
then-banking sector which was defined as the UK offices of all banks
that agreed to observe a common ratio and other credit control
arrangements, together with the banking department of the Bank of
England and the institutions of thé discount market - mnote that
since 1981 this sector has been superceded by the new monetary
sector which also includeé the Trustee Saving Banks and the National

Giroc Bank.

The inclusion of the banking department of the Bank of England
raises two main probleme. First Barnk of England holdings of
government debt are included in lending to the public sector. It
would nof seem to be likely that these Loldings are subject to the
same type of motives that are relevart to those of the other

institutions contained within the banking sector. Second, 1two
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important items are petted out in the consoclidation of the banking
sector's balance sheet. These are 1) epecial deposits and i1i)
banks' balances at the Bank of England. To rectify this situation
the Bank of England's holdings of public sector debt was deducted
from, and the other two items added to the assets of the banking
sector. Note this still leaves holdings of net foreign currency
assets by the banking department of the Bank of England in the
banking sector's balance sheet. No adjustment has been made in
respect of this item. Details of all adjustments to the raw data
necessary to produce the data series appearing in the balance sheets

described in chapter 4 appear in section 2 of this chapter.

A further caveat is necessary. Although thé data refer as near
as possible to the end of the quarter, there are some
inconsistencies. For example some of the banking statistice refer
to the last working day of the quarter whereas others refer to the
thiré Vednesday of the last month of the quarter (except for
December when‘it is the second Vednesday). These inconsistencies
have been indicated in thg data description which follows. All date

is BOT seasonally adjusted.

The narrow definition of money includes notes and ccins in

circulation with the non-bank private sector plus sterling sight
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deposits beld by this sector with the banking sector. Figures were
obtained from the Bank of England corrected for the various changes
in definitions introduced over the years. The component notes and
coins includes public sector holdings. Measurement is at the end of

the quarter.

2 Nonetary Base and Special Deposits
i  Fotes and coins held by the banking sector NCB
ii Banks' deposits at the Bank of England DB
iii Fotes and coins held by the non-bank private sector NC
iv Special deposits (including supplementary special

deposits) held by banks at the Bank of England SPECD

These figures were all extiracted from the details of the
monetary base first published (as a whole rather then as individual
components) in an article contained in the March 1881 edition of the
Bank of England Quarterly Bulletin (Table B). Measurement is at the
close of busiﬁess on the third Vednesday of the month (second in
December). Prior to 19753 coverage of tke figures cf the breakdown
between banke' till money and the residual in circulation with the
non-bank public is not fully consistent with other statistics
fhroughout the period but the inconsistencies are not thought to be
large. Fote the figures will also not be consistent with those
included under the heading of money in tbe financial wealth
statistics because public sector holdirge of notes and coins are

included in the monetary base.
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3 Financial Vealth Data — Eon—-Bank Private Sector

In very broad terms net financial wezlth can be defined as the
sum of fipnancial assets, i.e. claime against other sectors
(currency, bank deposits, government securities, net overseas
assete) less 1liabilities to other sectors <(i.e. bank loans).
Freliminary estimates of non-bank private sector financial wealth
for the UK were published by Grice and Bemnett {1980] but these have
been superceded by the publication of a more detailed series by the
Central Statistical Office. A quarterly series covering period 1966
quarter 4 to 1980 quarter 4 first appeared in the August 1981
edition of Financial Statistics and is used for the purposes of this

study.

The individual components of this wealth series are:

i Public Sector Long-Term Debt GILTS
This consists ©of British government and government
guaran&eed securities; Northern Ireland government stock;
local authoritie; listed stocks; bonds and long-term
borrowing in the form of loans and mortgages; securities
issued by public corporations and other long-term debt of

public corporations. Valuation is at market prices.
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Fixed Price Public Sector Debt FFP3D

This second category refers to those assets whose market
prices are relatively fixed. These assetse are national
savings; tax instruments; Treasury bills and local authority

temporary deposits.
Overseas Assets Ock

Overseac government and municipal securities; debenture and
loan stock; ordinary and preference shares; <direct
investment; property holdings overseas; loans to overseas
subsidiaries; advance and progress payﬁents on imports and
exports; other overseas trade credit and loans. Valuation
is at market prices or book value after allowirg for

exchange rate changes.
Overseas Liabilities o158

Debenture and loan stock; ordinary and preference shares;
direct investment; advances on imports and exports; other
overseas trade credit and loans. Valuation is at market
prices or book value after allowing for exchange rate

changes.

Bank Loans (LHL®)
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This coverse domestic bank lending to the non-bank private
sector; both in sterling and foreign currencies. The

foreign currency lending in sterling reflects exchange rate

fluctuations.

vi Money (Sterling plus Foreign Currency) MOK
This variable is defined as the non-bank private sector
component of the M3 definition but of course excludes public
sector deposits. Thus tbhe series includes non-bank private
sector holdings of notes and coins together with sterling
and foreign currency sight and time deposité (including
certificates of deposit) at UK banks except for finance
houses' special deposits at the Bark of England.

vii Money (Foreign Currency) MRFC
This refers to holdings of bank deposits denominated in
foreign currency. Sterling valuation reflects exchange rate
changes.

viii Residual Component RESID

This refers to the additional items which appear in the
official series. These are: UE ordinary &and preference
sharec <(holdings and issues) Otkher domestic loans (lending

and borrowing); Domestic trade credit (granted and
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received); Other domestic assets and liabilities; Accruals
of taxes, rates and interest (payable and receivable);
Public sector loans for house purchase. Valuation of all

items is at end of period.

4 Bank Lending to the Public Sector in Sterling BELPUB

Table 6.1 in the Financial Statistics shows total assets and

deposits of the banking sector. Total assets are divided into bank

lending to the various sectors in sterling and foreign currency.

Consequently this variable refers to total bank lending by the

banking sector to the public sector im sterling. Valuation is

mzinly at nominal values.

As noted earlier these figures:

i

ii

include public sector debt held by the Bank of England

excludé the banking sector's deposits (including special
deposits) at the Bank of England.Adjustments have therefore
been made to the raw data to exclude (i) and include (ii).

Measurement is at the end of the quarter.

Sources of the individual figures are the following

tables of the Financial Statistics:

1680¢4) to 19814 Table 6.1
1979(4) to 1980(3 Dec. 1980 Table 6.1
1878(4) to 1979(3 Dec. 1979 Table 6.1

1076 (4> to 1978(3) Dec. 1978 Table 6.3
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1974 (1) to 1976(3 Dec. 1977 Table 6.6

1973(1) to 19734 Dec. 1975 Table 38

S Bank Lending in Foreign Currency to the Public Sector

BLPUBS

Source the same as for 4 above. Total sterling value reflects

exchange rate changes.

6 Bank Lending to +the Non-Bank Private Sector in

Foreign Currency Ls

Source the same as for 4 above. Total sterling value reflects

exchange rate changes.

7 Banking Sector: Foreign Currency Business
i  Banking Sector Total Foreign Currency Assets FCA
ii BankiAg Sector Total Foreign Currency Liabilities FCL
The figures for assets include BLPUBE and $L. The source is the

same as for 4 above. Total sterling value reflects exchange rate

charges.

8 Bank Lending in Sterling to the Overseas Sector LOS

Source the same as for 4 above.

9 Sterling Bank Deposits from the Overseas Sector DOS

Source the same as for 4 above.



-173 -

10 The Covered Foreign Rate of Interest RC*

This consists of two components; i) the foreign rate of interest
(R*) and ii> the forward premium (FP). The representative foreign
rate of interest is the three month rate on Eurodollar deposits in
London. The rates listed are representative middle market rates as
recorded by the Bank of England during the late afternoon of the
last working day of the ©period concerned. The forward
premium/discount on dollars (three months) in London - expressed as
a percentage per annum - ie the middle market rate as recorded by
the Bank of England during late afternoon of the last wofking day of
the period concerned. The specific figures were obtained from
various issues of the Bank of England Quarterly Bulletin - apart
from the period 1973 (1) to 1974 (4) which were obtained from the

Bank of England Statistical Abstract veol. 2 :

1980 4 ~ March 1981 Table 18
1980 3 December 1681 Table 20
1980 2 _ September 1980 Table 18
1979 4 to 1980 1 June 1980 Table 18
1979 3 ‘ December 1979 Table 19
1979 2 September 1979 Table 18
1979 1 June 1979 Table 19
1978 & ¥arch 1979 Table 18
1976 1 to 1978 3 December 1978 Table 29

1975 1 to 1976 2 December 1976 Table 28
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11 Rate of Interest on Public-Sector Debt RG

The representative rate of interest on public sector debt was
taken to be the calculated redemption yield on five-year government
stock. Sources of the individual figures were obtained from the

same sourcee as detailed for 10 above.
12 Interest Rate on Bank Lending RL

Since 1971 the rates of interest charged by banks on loans have
been linked tc their own individually declared base rates. FKormally
these base rates are the same for each bank due to competitive
forces. In some cases, however, different rates have been recorded
and in this case the rate selected is the mid point of the range.
Measurement is at the end of the period and the source o©f the

individual figures was the 1982 Annual Supplement to Economic Trends

13 Treasury Bill Rate of Interest RK

(Money Xarket Rate of Interest)

This rate refers to the average rate of allotment at the weekly
tender expressed as an annual rate of interest. The sources of the

individual figures is the same as for 10 above.

14 Rate of Interest on Time Deposits RD
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This rate of interest ie taken to be the Inter-Bank sterling 3
month deposit rate. The rate quoted is the mean of the lowest bid
and highest offer on the last working day of the period. It was
felt that this rate was more appropriate than the traditional 7-day
deposit rate in view of the increasing use made by the banks of the
inter-bank money market as a source of funds., The source of the data

ie the same as for 10 above.

15 Holdings of Public Sector Securities by the Bank of

England Banking Department. BCE

These figures refer to holdings of governmeﬂt securities by the
Banking Department of the Bank of England. Measurement is at close
of business on the third WVednesday of the month (second in
December). Sources of the data are various issues of Financial

Statistics as follows:

197¢ 2 to 1980 4 May 1081 Table 6.3
1678 3 to 1978 1 Gctober 1079 Table 6.1
1577 2 to 1978 2 December 1978 Table 6.1
1976 4 to 1977 1 December 1977 Table 6.1
1975 4 to 1976 3 December 1976 Table 6.1
1974 4 to 1975 3 December 1975  Table 35

1873 4 to 1974 3 December 1974  Table 35

1873 1 to 1973 3 December 1973 Table 35
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16 Consumer Expenditure at Constant and Current Prices

COXN75 & CON

This data was used to obtain the implicit price index used in
the study to deflate nominal variables wherever appropriate. The
source of the data on consumer expenditure was the 1982 annual

supplement to Economic Trends

17 US Consumer Price Index USP
The data were obtained from various issues of International
Financial Statistics Item 6L as follows (with the "base being

converted into 1975 = 100):

1977 1 to 1980 4 March 1981
1975 1 to 1976 4 March 1879
1973 1 to 1974 4 March 1977
18 The Exchdnge Rate s

The $/& exchange rate was obtained from the following editions of

the BEQB. Measurement was at the close of trade on the last working

day of the month

1980 4 March 1981 Table 18
1980 3 December 1981 Table 20
1680 2 v September 1981 Table 18
1880 1 June 1980 Table 190

1979 4 March 1980 Table 19
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1979 3 December 1980 Table 19
1979 2 September 1679 Table 18
1979 1 June 1979 Table 14
1978 4 March 1979 Table 14
1977 4 to 1978 3 December 1978 Table 29
1975 4 to 1977 3 December 1977 Table 29
1974 1 to 1975 3 December 1975 Table 28
1973 1 to 1973 4 December 1974 Table 29
1972 4 September 1974 Table 28

19 Balance of Payments Statistics

The two main balance of payments statistics series (the current
account and changes in reserves) were obtained from Table 126, 1982

Annual Supplement to Economic Trends

6.2 Generation of Data

The following adjustments were necessary to obtain the principal
series used in the model described in the balance sheets listed in

chapter 4:

i Sighkt Deposits (DS) were obtained by deducting notes and coins
held by the non-bank private sector from Mi;

i.e.DS = M1 - NC



ii

1ii

iv

vi
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Time deposits are obtained by deducting the non-bank private
sector's boldings of money denominated in foreign currency and
¥l from their holdings of money;

i.e.DT = MON - MOFNFRC - M1

Similarly M2 was obtained from the identity:

¥2 = M1 + DT

Sterling deposits held by the non-bank private sector follow
automatically by adding DS and DT;

i.e. D=DS + DT

Monetary base held by the banking sector is derived by adding
the banking sector's holdings of notes and coins to their
deposits at the Bank of England;

i.e.HB = DB + KNCB

Bank lending in sterling to the NBPS is obtained by deducting
from total bank lending to the private sector their borrowings
in foreign currency;

i.e. L = (L+L$) - L$

Total bank lending in sterling refers to the sum of lending to
the non-bank private sector and to the overseas sector;

i.e. TBL = L + LOS
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vii The definition of bank lending to the public sector used in this

study excludes all such lending carried out by the banking
department of the Bank of England and also boldinge of monetary
base by the banking sector. It is therefore equal to total bank
lending to the public sector minus i) lending by the banking
department of the Bank of England and 1i) boldings by the
banking sector of notes and coins - it will be recalled that
banking sector deposits at the Bank of England have already been
netted out;

i.e. BB = BLPUB - BCB - NCB

viii The banking sector's net holdings of foreign currency assets is

ix

derived by subtracting total foreign currency liabilities from
their total foreign currency assets;

i.e. FB = FCA - FCL

Other liabilities of the banking sector is treated as the sum of
the resid&al items of their balance sheets. It therefore
consists of non-deposit liabilities and all otber components not
explained within the model, for example Bank of England lending
to the banking sector;

i.e. OL = HB + BB + TBL + FE + SPECD - D

As far ac is possible net overseas assets o0f the non-bank
private sector refer to all holdings of assets and liabilities

denominated in foreign currency irrespective of the originating



- 180 ~

source of the asset or direction of the liability;

i.e. F = OSA + MONFRC - OSL - L$

xi FKNominal financial wealth was defined as:
V=M +B-L + RESID
In turn the non-bank private sector's boned holdings were
obtained by adding together +their holdings of gilt-edged
securities and fixed price debt

i.e. B = GILTS + FPPSD

xii The residual element of the balance of payments (Other) was
obtained as the gap between identified items within the balance
of payments identity

i.e. Other = ARes - CA + AF + AFB

6.3 Data Consistency

In view of the widely ‘different sources of the data, it was
considered advisable to check the data for consistency. One such -
check used was to compare the figures obtained for bank lending from
the Financial Statistics with those derived from the wealth series
referred to in the previous sector. The two series yielded
approximately equal figures and summary statistics of a comparison

between the two seriecs is shown below:
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Table 6.1

Correlation coefficient 0.9998
Root Mean Square Error 826(2.1%)
¥ean Absolute Error 811¢2.1%)
Mean Error 811¢2.1%
Fraction of Error due to Bias 0.964
Fraction of Error due to Different Variation 0.001

Fraction of Error due to Different Co-variation 0.034

A second consistency check was carried out by comparing the
sterling money series held by the non-bank private sector derived
from the wealth series with that obtained from the Firancial
Statistics by adding notes and coins plus sterling bank cEeposits
(both held by the non-bank private sector). As can be seen from the
details shown below in Table 6.2, .the equality between the two
series was apﬁroximately satisfied given timing difference between
the two series - notes and coins are as per the banking statistics
(i.e generally the third WVednesday of the month) and the other

series refer to the end of the period.
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Table 6.2

Correlation Coefficient 0.9994
Root Mean Square Error 453(1.1%)
Mean Absolute Error 271¢0.6%
¥ean Error ~-262(0.6%)
Fraction of Error due to Bias 0.336
Fraction of Error due to Different Variation 0.011

Fraction of Error due to Differemt Co-variation 0.653

These two consistency checks provide gratifying support for data
consistency although, in the case of thke first check, the small
error is consistently signed in one direction i.e. biased.

6.4 Data

A listing of the raw series of data necessary to derive the

variables used in the model now follows:
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1873
1974
1974
1974
1974
1975
1975
1975
1975
1976
1976
1976
1976
1977
1977
1977
1877
1978
1978
1978
1978
167¢
1976
1679
197¢
1980
1980
1880
1880

B O DD = > N o D) = s GO DG W= WD B G) N

n
&m

12940
13832
13520
13967
13382
13801
14163
15457
15426
15901
16773
17483
17801
18920
16227
15467
19566
20410
22049
23659
24270
24762
26046
27535
274095
27892
28957
30046
29173

T 29743

28791
31230
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644
685
735
806
692
753
775
872
754
797
786
862
737
768
785
814
741
867
774
952
778
835
822
267
817
917
865
906
868
889
526
1043
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202
268
247
195
290
236
290
300
359
297
304
322
265
378
272
326
317
310
335
428
267
399
369
423
426
477
497
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378
473
676
487
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3048
4089
4091
4369
4327
4499
4639
5068
5089
5305
5501
5730
5809
6072
6319
6531
6505
6792
6995
7581
7559
7862
8200
8731
8725
8846
0156
9714
9498
9739
0882
10255

SPECD
im

728
754
1098
1439
1351
884
622
928
043
966
980
989
983
1000
1043
1806
1027
1055
1110
1185
1246
656
641
1009

741
772
805
i3z
242
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26264
27751
30150
32486
32930
33977
34851
36728
36413
36565
38580
30231
39150
40735
42934
43750
42979
44849
45769
47722
49255
51600
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54999
54635
57687
52115
61933
62111
66426
68874
73346
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MOKFRC BLPUB

E£m £m

1006 7627
1072 7966
1320 8513
1432 9277
1773 7928
2180 7502
2500 7666
2398 8907
2516 8055
2342 9617
2765 11254
2939 11966
3115 11406
3487 11302
3966 11908
3896 11801
4220 10815
4583 11316
4327 12134
4151 13632
4469 12054
5128 11723
4862 12132
4800 13478
4585 11605
5043 12590
4737 13409
5202 14980
5625 12864
5658 " 14323
5646 14546
6081 17325

BCB
F &,

1085
1136
1455
1675
1686
1101
1248
1248
1418
1261
1360
1405
1375
1478
1548
1905
1449
1599
1516
15¢e1
1797
1046
1370
1848
1550
1394
1477

. 1462

615
574
534
446

Ls
£

2568
2619
302¢
3436
3759
3984
4132
4373
4332
4963
S47T7
5605
5889
6246
6879
6994
7456
7630
7595
7421
7870
8318
8213
8088
8248
8329
8297
8326
8847
9105
9200
8852



1973
1973
1973
1973
1974
1974
1074
1974
1975
1975
1975
1975
1976
1976
1976
1976
1977
1977
1977
1977
1978
1978
1978
1978
1g7a
1970
1979
197¢
1980
1880
1680
1980

BN DWW WD WNNERE WD EOND B WM -

20241
21541
23622
25899
27073
28585
29360
30250
30272
30137
30122
30123
30627
32122
33540
34923
35678
37075
37652
38499
39526
41860
42591
43967
46399
49155
50584
52681
55501
580099
61928
62833
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FCA
&m

28734
29713
35694
40512
44957
47558
48001
50319
51647
57512
63611
67195
72476
79890
87323
92222
92655
96554
98118
95062
1005¢3
103971
106827
112077
111572
115122
127453
134258
145823
143085
143568
153318

FCL
&m

28061
29040
35089
39892
44329
46989
47235
43397
50809
56836
62824
66170
71333
7881
85902
90770
91521
94944
96824
83833
99146
101844
104779
109947
109581
113555
126336
13z266¢€
144478
141132
141777
152027

LOS
£m

1654
1744
1912
1967
2072
2117
2138
2256
2132
3273
3275
3184
3529
3795
3996
3831
3746
3926
4086
4237
4887
5149
5176
5089
5014
4909
5089
5074
5407
6100
6916
7879

&nm

2807
3035
2821
2959
2902
3383
3637
3686
3500
3717
3723
3825
3995
3721
3947
3967
4170
4528
4877
‘5606
5634
5245
5458
5476
6085
6632
7034
8475
8914
10091
10897
11477
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1980
1980
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.43
.83
.94
.82
.44
.43
.40
.15
.08
.78
.35
.9
.84
.36
.89
.28
.25
.96
.21
.59
.60
.53
.09
.58
.04
.07
.15
.68
.53
77
.66
41

RG
%

10.
10.
11.
12.
14,
15.
15,
17.
13.
14.
14.
14,
13.
13.
14,
13.
11.
12.
.45
.58
10.
11.
11.
11.
10.
.18
.91
12,
12.
10.
11.
11.

11
10
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42
33
45
26
69
37
01
45
68
77
17
56
75
68
86
81
64
36

20
89
50
79
27

15.
20
g1
038
56

.50
.00
.00
.00
.00
.00
.00
.00
.38
.50
.00
.00
.50
.50
.00
.00
.50
.50
.00
.00
.50
.00
.00
.50
.00
.00
.00
.00
.00
.00
.00
.00

* R

. 06
.02
11.
12.
12.
11.
11.
11.

20
76
300
50
24
24

9.55
9.68

.73
.89
.56
.26
.74
.97
.57
.60
.37
.39
.08
.49
.38
.91
.78
.79
.82
.69
.97
.32
.86
.45

"B

13.25
15.81
15.50
13.44
11.75
12.56
9.94

8.69

10.62
10.72
8.50
11.22
12.81
14.37
9.12
7.7%
5.84
"6.66
€6.684
0.16
9.69
1z.44
12.12
14.07
14.16
17.06
18.57
17.13
15. 94
14.84
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RESID GILTS FPPS 0OSA OSL
im £m inm im &m
230 15202 9162 21205 11905
~149 15930 9526 21303 12472
-1057 15431 9607 21122 12749
-997 15409 9668 21627 13477
-1487 14873 9784 21775 14261
-1977 15592 10068 21963 14669
-3306 16305 10521 21641 14810
-3895 115152 10702 21633 15423
-36%98 15005 10387 22424 15888
-3850 19176 10449 23669 16847
-4205 20759 10876 23834 1782%
-4467 22772 10932 24930 19073
-3750 24505 11273 27303 20138
-3813 25579 11238 28590 20782
-5343 25066 11687 29467 20897
-547¢ 28103 11237 30940 21530
~-5585 32934 12089 20160 228169
~4596 32835 12439 29490 23316
-4168 39850 12837 29332 24318
~-3736 41139 12968 29680 24501
-3313 39530 13362 29621 24943
-2583 38733 13366 30996 25269
-2466 40773 13843 32661 25739
~-4641 41378 14378 32628 263009
-4893 46888 1582% 38872 29734
-5477 47612 16433 40083 - 31514
~-7943 51215 16641 42701 32383
-9627 . 49755 14940 44636 32730
~7315 51489 15078 46513 33554
~7048 56514 - 15687 47910 34478
~686% 59731 16004 46231 35528

~7938 60283 16961 50706 35864
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CHAPTER 4 THE MODEL A= A

WHOILXE

Ve commence by discussing in sections 1, 2 and 3 additional
functions imposed on the model namely i) the linkage between the
exogenous Treasury bill rate of interest and the rate on goveroment
bonds; ii) valuation effects or finazncial assets due to changes in
botk rates of interest and also exchange rates and iii)
determination of the exchange rate. A complete listing of the
model is presented in appendix A. In section 4 we describe the
forecasting methodology adopted for the projection of the exogenous
variables necessary to obtain the rational expectations solution to
the model. The performance of the model is reviewed in section 5
and finally,in view of the large Pumber of charts contained within

this chapter, they are presented together in appendix B.

7. 1 The Term Structure of

Interest Rates

hccording to the preferred habitat theory of the term structure
of interest rates, the long-term interest rate can be described by
current and expected future short-term interest rates and liquidity

preciumz - see Holden, Peel and Thompsorn [198%5]. More precisely
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assuming one period rates of return with interest rates measured at
the beginning of the period:
(14RLR.)™ = (14RS¢) (14E(RSta14Ll1) ... v (J4ELRSean-14Lln-a) (7. 1)

where RLR

long-term rate of interest

RS = short-term rate of interest

Li = liquidity premiums with 1 = number of yeare ahead
Provided RL, RS and the various Ls; are small fractiones (7.1) may be
approximated by:

RLRE. = (1/1n) (RS«+ELRSi+1..+EtRSten-1+Latlat. .. . 4Ln-1) (7.2)
Assuming constant 1liquidity premiums (7.2) may be further
simplified to :

RLRe = (1/1) (RS« +E4RSeant. .. . #EeRSear-)+L 7.3

In the context of this model the long-term rate of interest is
represented by the five year rate on gilt-edged securitiee (R3) and
the short-term rate by the rate on Treasury bille (RM). Hence
(7.3 may be written more precisely as:

RG. = (1/20>(RM1+ELRML¢1...+ELRM1+;9)+L (7.4
Moving (7.4) forward one period produces:

RGt+1=(1/20) (REi+1+Eca1RMevzt. . +Eev1RMic19+Ee w1 RMeazod 4L (7.5)
Subtracting (7.4) from (7.5) and rearranging produces:

. ARG =(1/20) (AR¥+4 (Evx1RMisz-E«RMeaz)+. + (Beas RMeazo-EcRMea1) (7.6)

It should be noted that apart from the last term all other terms
are either actual changes in RM or the change in ite expected
value. The further simplifying assumption is made that any change

in the information set, i.e. news, produces the same quantitative
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change in all current and expected future rates so that ARM =
(EcerRMez-E RMe-2) etc. Applying this assumption to (7.6) and
noting that the effect of the last term (i.e. Et+1RMeszo~ELRMea:)
ie likely to be dwarfed by the other terms produces the following
term structure equation for simulation purposes;

ARG = ARM 7.7
The starting value for RG is taken to be RM+0.007 where 0,007
reprecents a constant 1liquidity premium and is measured by the
average excess of RG over RN during the estimation period.

Consequently (7.7) may be written in the form used for simulation

purposes:
RG = RN + 0.007 : (7.7a)
7. =2 Valuation Effects on

Financial VVGBEi].f:llr

For estimation purposes the domestic component of the non-bank
private sector's wealth was valued at market prices and therefore
inzcluded valuation effects arising from the impact of changes in
the rates of interest on the market price of securities. Similarly
the foreign component (F) also incorporates the effects of exchange
rate changes. In contrast the banking sector's holdings of public
sector debt are valued at acquisiticon cost for balance sheet
purpoées - in line with the valuaticn of the other items of their

balance sheet such as bank lending. Simulation of the response of
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the endogenous variables to external shocks requires valuation
effects to be incorporated within the model since these provide a

potentially interesting component of the transmission mechanism.

This can be achieved by changing W into an endogenous variable
for simulation purposes. A simple way of achieving this is to
determine V according to its lagged value plus the valuation
effects due to interest and exchange rate changes and the additionms
arising from the public sector borrowing account and the current
account of the balance of payments. For the domestic component
this was simply specified as:

VALD = MN(FDA+—1#{(RG+-RGe-1)/RGe-1 ) _ | 7.8

where )\ is a fraction representing i) the proportion of DAS held

in non-fixed price debt and 1ii) the average maturity of
outstanding debt.
It is not likely that the fragtion A would remain constant over
time but, on the other band, vit' ie wunlikely +that a violent
distortion of the trutk will occur by assuming a constant A, A
variety of values o0of )\ .were experimented with and ultimately a

vzive of 0.1% was selected.

For the original date the balance of payments was closed through
the construction of a new synthetic exogenous variable “OTHER"
which reflected the gzp between the official financing component
and the sum of the current account and the other two capital flows
endogenous to the model i.e. F and FB. The balance of paymente

ideztity now becomes:
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oF = CA - ARES - AFB + OTHER 7.9

The procedure adopted was to incorporate a valuation effect which
ensured equality between the original series for F and this new
synthetic series which incorporated the valuation effect by
simultaneously making a corresponding adjustment to the variable
OTHER. The valuation effect itself was estimated as:

VALF = p#{F(-1#(LnS+-LnSe-1)} (7.10)

where p is a fraction representing the fact that not all

overceas assets/liabilities are denominated in foreign currency.

The value of p was arbitrarily fixed at 0.5.
Using (7.8) and (7.9) the definition of net finanéial wealth
becomes:

V =V¥.-, + PSBR + CA - ARES -~ AFB + OTHER

~0.15%#{(RG+-RGe+-1) /RGe~1}3BDA -1} +

0.53{LnS+-LnS -1 )%#Fv-4} (7.11)

7.3 The Exchange Rate

The exchange rate in this model is determined by interaction
between i) the definition of the forward premium, ii) the non-bank
private sector's demand for net overseas assets and iii) the
balance of payments identity. First, as noted in chapter 4.2, the
forward premium is defined as the gap beilweern the expected and

current spot exchange rates so that:



- 195 -

FP = 43 (E«.LnS«+1 - LnSu) (7.12)

where FP is expressed at an annual rate.
This permits the current spot exchange rate to be specified as:

LnS: = E¢LnS:sy - FP/4 (7.13
A function to determine FP can be obtained by using the definition
that RC* = R* + FP and then inverting the estimated demand equation
(i.e equation (4.14) for which the estimation results are reported
in Table 4.8) for net overseas assets by the non-bank private
sector so that:

FP = Bo = (RGi-R*) + RiLn(F/NDA). - RzLn(F/BDA) ¢-1 (7.14)

Finally it is possible to obtain the change in the non-bank
private sector's holdings of net overseas assets from i) the flow
addition due to the current account surplus and ii) the stock
valuation effects attributable to exchange rate changes.
Rearranging (7.9) produces: '

F = Fios + CAx - ARES, - AFB. + OTHER. (7.15)

The specification in (7.13> to (7.15) ensures that the exchange
rate is determined by the interaction of all the asset market
equations not just by the balance of payments capital flows ' and
hence is consistent with the asset market approach to exchange rate

determination and the main thrust of Melitz (16841].

7. 4 Generation of Exogenouss

Variables
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Eighteen exogenous variables are used in the model. Of these
variablee, one consists of a time trend and three are seasonal
binary variables. Generating processes for these variables are
purely mecltanical, i.e. 1 4 Te-1 for the time trend and D.-a. for
the seasonal bina;y variabdbles. Special Deposits is a government
policy variable and it was decided to represent this variable by a
random walk. One other variable needs further commernt. In the
model PEXF 1s treated as exogenous. As far as forecasting
exogenous variables is concerned, it is only necessary to forecast
either the price level or the rate of inflation since the forecast
for one implies values for the other. Ve provide below a process
for the gemeration of forecasis of the price. level wgich imply a
forecacst for PEXP given by:

APEXP = LnCPlesa = LnCPI4 (7.16)

For the remaining thirteen"variables predicted values were
obtained using ARIMA processes (see for example Box and Jenkins
{16701). Graphe of the original seriesc together witk details of
the autoccrrelation (ACF) and partial autocorrelation functioms
(PACF) are shown in figures 7.1 to 7.32. By examining the graphs
.0f the series (to observe any change of mean or variance) andv
checking the ACF and PACF's to see if they decline for long lags, a

\
decision can be made on whether each series is stationary. It
appears that RE (see figures 7.12 and 7.24), OTHER (see figures 7.7
and 7.19), BOF(=ARES) (see figures 7.8 and 7.20), PSBR (see figureg

7.10‘and 7.22) and CA (see figures 7.9 and 7.21) are stationary.

The remaining series, R* (see figures 7.1 and 7.13), LnYEXP (see
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figures 7.2 and 7.14), P (see figures 7.3 and 7.15), LOE (see
figures 7.4 and 7.16), OL (see figures 7.5 and 7.17) RESID (see
figures 7.6 and 7.18) and USP (see figures 7.11 and 7.22) are
non-stationary and so are differenced to remove the trend. Tkis
appears to make R* (see figure 7.25), LnYEXP (see figure 7.26 ), P
(see figure 7.27 ), LOS (see figure 7.28 ), OL (see figure 7.29)
and RESID (see figure 7.30) all stationary, but in the case of USP
(figure 7.31) the ACF implies there is still a trend. Second

differencing gives stationarity (see figure 7.32).

Subsequently a search was made for an appropriate ARIMA process
of the order (p d q). Various cozbinations of p and q'were tried
with values ranging from 0 to 2 inclusive so as to ascertain the
"best fit". The selection criteria were i) the smallest value of
the residual sum of squares; ii) the significance of the estimzted
autoregressive or moving average coefficients; iii) the lack of
significance of the autocorrelaéic:' and partial autocorrelation
coefficients o©f the residuals ard iv) parsimony. The third
criteria is necessary to ensure the residuale are free from
informstion content so that the correlation coefficients should not

be significantly different freom zerc.

The selected processes are shown in Table 7.1 with the relevant
autocorrelation and partial autocorrelation coefficients of the
residuale being shown in tables 7.2 and 7.3 respectively.
Estimation was achieved througt use of the MIKITAE computer

package. For the uncovered foreigr rete of interest (R*), the best



Table 7.1

- 198 -

Exogenous Variables Generating Processes

Variable ARIMA

RF

LuYEXF

(4*' difference)

Crl
LGE
0L

RESID

USCFI

Ca

Processes for RN,

0

1

1

1

1

Process

1

1

0

1

MACD

0.4411
(2.58)

0.3837
(2.09

0.8746
(5.58)

-0.3001
(1.66)

-0.929¢9
(4.78>

0.387¢
(2.25)

0.3876

AR (1) Constant

0.8567
(8.87)

0.5330
(2.94)

1.0015
(22.59

-0.6121 176.5
(2.19)  €0.45)

163.¢

SSR RMS of
of SSR
as a %
of Mean
Value

0.02 26.0 f

0.01 1.8 -

188.14 2.0

3389431 8.
14215740 5.
921397 22.
é9134848 60.

17.36 6.

9645851 536.

OTHER, and BF are mndelled &c random walks

©
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TABLE 7.2 AUTOCORRELATION COEFFICIENT OF RESIDUALS

1 2 3 4

5

W 0,019 <0.113 0,120 0.239 0.124

LRYEYP 0.9 -0.113 -0.113 -0.%5 0.6

Pl =0.402% 032 -0.175% .22 -.104
108 -0.206 ~0.008 .107 -o.082 .03
oL ~0.367 286 -0.109  0.246 -y.283

HSID  -0.019 -0.180 —9.03% .12 -g.192

PR ~0.011 ~0.041 -0.090 -g.00% 04

us I 060 0.3 .2n .21

A 103 .08 -0.v7 20

8 Iidicates anefficient sigificanly different from zero,

.213

067

OEFFICIENIS
6 7 8
-0.112 0,008 0,023

0.32 0.008 -0.0%
-0.099 -0.179 219
~0.220 -(.0N 107

32T Qa7 22
0. 171 -0.028 067
-0.147 g4 443
-0.168 168 .001

-0.097 -0.080 215

9 10 " 12 13
<0017 0.9 0014 <0097 <0.061
064 <0.3% 0003 0.0 0.14)

069 ~0.21 .06 .05 .07
-0.307 -0.067  .267 =0.012 -0 .053
“0.19¢  L176 -0.264 .32 _g.244

J24 -0 .,068 -0,068 00 074

5T 0101 ~0.112 _0.079 —q .23
-0.289 -0.067 .2t .05l ~9.318

053 08 o090 @ .05

(Type I ervor = 0,05}

1h
0,40

0.153
-0.222
-0.065

-0.107
-0.062

standard critical
enur  degrees
15 1/ n freedm value
0129 0.180 0 0.367
<0204 0,92 26 uSYu
2t 0,980 0 0.367
-0.103 0,180 X 0,367
-0.092 0,180 30 0.367
-0.118 0,380 30 0.367
-0.005 0.189 27 0.387
J06 0183 29 0.37
03671 0VTT N 0.362
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TABLE 7.3 PARTIAL AUTOCOHRRELATION COEFFICIENTS OF RESIDUALS

. ) standard critical
COEFFICIENTS ervor  degrees

FOCTIN 1 2 3 ! 5 6 7 8 9 10 11 12 13 1k 15 1/ 0 freedm value
i 3 -0.019 <0.133 0,117 0.2 0.179 -0.02 -0.030 -0.104 -0,080 -0.047 -0.098 -0,109 -0.05] -0.016 -0.066 0.180 0 0,37
LREYP 0,160 -0.167 -0.08% -0,%8 0,312 0.238 -0.018 -0,104 0.045 -0.22 -0.005 -0.249 0,238 -0,129 -, )02 0.1 26  0.3%
cel ~0.429-0.15 -0.212  .056 ~0.008 -0.180 ~0.30 -0.123 .072 -0.220 —0.0% -0012 .01 ~0.176 —p.12 0180 B 0.%/
LOS ~0,206 ~0.052 .09 -0.00 .05 -0.25 -0.367 .08 050 -0.073 2B 054 ~0.096 -0.155 -0 .140 0,180 30 0,367
oL 06T AT .00 211 078 143 0.29 -0.043 -0.005 .09 -0.0% .7 .03 -0.199 .0 01 N 0.37
RESID  -0.079 ~0.187 ~0.068  .086 -0.199 -0.187 -0.137 -0.058 0,121 -0.064 -0.09 .09  .027 —0.207 -0 .14 O0.180 -0 0,37
PSR Q.01 -0.041 -0.091 -0.398% .0l4 —0.231 .71  .006 .226 -0.260 .081 -0.116 -0.097  .163 .0.048 0.189 27 0.%7
Us crl 060 =034 309 .005 .73 -0.12 .06 -0.09 -0.151 =0.087  .089 .092 -0.25) -0.13 -0.173 0.8 29 0I5
cA 03 089 -0.035 202 -0.03 -0.152 —0.064  .236 -0.0M .12 -0.061  .079 -0.048 -0.091 =9, 00 O R 0.%2

& Indjcates coefficient significantly diffetent Cinm zems,  (Type 1 ervor = 0.06)
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process was an ARIMA (0 1 1). Alternative representations using
autoregressive functions failed to obtain estimates of the
relevant coefficiente which were significantly different from zero
at the 5% level. An exception to this occurred in the case of an
ARI¥A (2 1 2) process but this was rejected on the grounds of
parsimony in view of the fact that the additional restrictions
failed to improve significantly the fit as evidenced by an observed
x= of 5.87 against the critical 5% value of 7.815 using the test:
XZer> = D¥lD(S®./850) 7.17)
vhere r = number of restrictions

S¥r= restricted sum of squares

S¥.= unrestricted sum of squares

n = number of observations
There is no evidence of exploitable information in the residuals
since none of the relevant coefficients listed in Tables 7.2 and
7.3 approach the critical value. Neverthelecs the representation
ie not completely satisfactor&ﬂgiVen the rather high value of the
relative root-mean square of the residuals showr in the last column

of Table 7.1.

in the case of LnYEXP. it was necessary toc fourth differemnce the
original series prior to seeking out the best ARIMA process in
order to eliminate the seasonal influence. Again an ARIMA (0 1 1)
Process provided the best fit. The relative root-mean square of
the residuale is very satisfactory. None of the coefficients
listed in Tables 7.2 and 7.3 are significantly different from zero

for LnYEXF but a few coefficients do approack the critical value.
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The position with the P series is that the ARIMA (1 1 0) process
meets all the criteria with the exception that the first order
autocorrelation coefficient is significantly different from zero.
Consequently it is not possible to assume that the residuales are
pure white noise and information free. An ARIMA ( 0 1 1) process
also yielded a significant estimate of the relevant coefficient but
with a higher sum of squares of the reziduals. Other processes

failed to converge after twenty five iterations.

The selected best fit model for LOS is (1 1 0) which provides a
satisfactory estimate. The estimated coefficient is significantly
different from zero with a reasonably low relative rooi-mean square
of the residuals. The appropriate correlation coefficients
displayed in Tables 7.2 and 7.3 provide no indication of any
remaining information content within the residuals. ARIMA (0 1 1)
anc (1 1 1)~ processes also provided estimates of the relevant
coefficients which were eignifiﬁanfly different from zero. In the
case of the moving average process, the sum of the squares of the
residuals was greater than that achieved through the use of tke
first order autoregressive process. The use of the additional
. restriction in the (1 1 1 ) process failed to provide a significanf
reduction in the value of the sum of squares as evidenced by the x=
test. Turning now to the other liabilities of the banks (OL) the
selected process is an ARIMA (1 1 1). Both coefficients are
statisfically significant and the degree of fit, as evidenced by
the relative root-mean square of the recsiduals, is good. Values of

p and q higher or lower than 1 produce coefficients which are not
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significantly different from zero. However examination of the
relevant autocorrelation coefficients contained in Tables 7.2 and
7.3 suggest that the residuals may not be pure white noise.
Several coefficients verge on significance at the 5% level and one
coefficient exceeds the critical "t" value. Estimation of the
process for RESID proved to be more problematic. Examination of
the time profile of the series exhibited in figure 7.6 suggests a
non-stationary series with a negative time trend. The evidence
from the autocorrelations depicted in figure 7.18 ie less clear
cut but nevertheless first differencing does seem to be necessary
(see figure 7.30 ). Difficulty was experienced in estimating a
satisfactory ARIMA process and it was pertinent to ﬁote that the
estimated moving average (1) coefficient is not statistically
different from zero. In addition the quite high relative root-mean
square of the residuals indicates a not-very high explanatory
power.. In contrast the residqals appeared to be white noise. The
performance . of the other ARIHA processes were even less
satisfactory witk either coefficients with a 1lower degree of
significance or the estimation process failing to converge within
twenty five iteratioms. On balance therefore, given the revealed
~time profile of the series, it seems preferable to use an ARIMA 0
1 1) process as compared with the alternative of a random walk

which implies a constant value throughout the forecast period.

The series for PSBR exhibits a strong seasonal patiern so that
as for LnYEXP it was necessary to fourth difference the series

prior to seeking out an appropriate ARIMA process. The best
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process turned out to be an ARIMA (1 0 1). The estimated
coefficient is significantly different from zero and the residuals
are largely free from information content - one autocorrelation and
one partial autocorrelation coefficient are significantly different
from zero. The major drawback is the high relative root-mean
square error of the series. In part this is due to the presence of
positive and negative values which produces a relatively low mean
value with a high variability (mean 1779 and standard deviation
1043>. An ARIMA (1 0 0 ) process produced similar results but with
& marginally higher sum of squares of the residuals. Other
processes failed to converge within twenty five iterations or

resulted in non-significant coefficients.

Turning now to the US consumer price index, as noted earlier it
was necessary to twice difference the series and an ARIMA (0 2 D)
%rocess produced the best results. The moving average coefficient
was significant at the 5% level and the explanatory power of the
process was high as evidenced by the low relative root-mean square
cf the residuals. None of the two sets of autocorrelation
coefficients for this variable contained in Tables 7.2 and 7.3 are
_sigrificantly different from zero at the 5% level but twd
coefficients are only very slightly below the critical "t" value.
Therefore it is not possible to say with complete certainty that
the residuals are free of information content. Other processes
yielded‘ at least one ectimated coefficient which was not
significantly different from zero or alternatively failed to

converge within twenty five iterations. The explanatory power of
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the estimated generating process for CA was extremely low as
evidenced by the very bhigh relative root-mean square of the
residuals. As is the case for PSBR this is partly due to a series
with positive and negative values resulting in a low mean but with
high variability (mean 106 standard deviation 671). It other
respects the estimated prbcess was satisfactory. The estimated
coefficient was significantly different from zero at the 5% level.
Examination of the various correlation coefficients in Tabtles 7.2
and 7.3 yields no evidence of information content. An ARIKA (1 O
0> process also produced a significant coefficient but with a
marginally higher sum of squares of the residuals. Combinations of
autoregressive and moving average processes produced'at least one

insignificant coefficient.

Finally it wac not possible to derive satisfactory ARIMA
processes for the variables RM, OTHER and BOF. In no cases were
the <coefficients =near an écceptable level of significance.
Consequently it was decided to model these processes ac random

walks.

7.5 Evaluation of the Model

Yithin the relevart 1literature, there are no clear and

unaxbiguous criteria according to which macroeconcomic models can be
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evaluated. Criteria often used include:

i Comparison with Time Series Models

i) Ex Post Forecasts

il Ex Ante Forecasts
Methods (ii) and (iii) can be employed within the sample period and
outside the sample period. As Matthews [1985] notes evaluation of
ex post forecasts can be criticised on the grounds that the degree
of exogeneity varies between models whereas ex ante forecasts
reflect not only the character of the model but also the ability of
the model user. Evaluation of models using within period sample
period data runs the risk of over-using sample period data. Fair
[{1972] notes a further difficulty with regard to outside sample
period forecasts in that "it is an unfortunate characteristic of
macroeconomic models that the coefficients can change substantially

as the sample period changes ....... " (page 705).

'Ex  Ante' tracking exefciées are subject to further
difficuities. The first concerns the projection of the exogenous
variables. As is cusiomary, in this model these processes were
estimated by ARIMA methods. Clearly market operators would have
additional knowledge to that revealed by the time series analysis
so as to forecast the future path of the exogenous variables. In
other words, ARIMA processes on their own are unlikely to provide
‘best' forecasts of the exogenous variables. A more subtle
difficuity with respect to the forecasts arises from the fact that

the ARIMA processes themselves were estimated over the whole sample

period and may therefore not have been known to market operatores.
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More correctly these processes should have been estimated over a
period prior to the sample period and therefore the implied
assumption is made that we are estimating processes which were
already in existence and known to market operators. A second
problem occurs Dbecause our forecasts ignore the stochastic
component of the time series estimates. Hendry and Richard [1982]
point out that if the model is stationary, such forecasts would
simply tend to the mean of the relevant series unless the serieg of
exogenous variables was continuously updated. Consequently, in the
absence of such updating, the historic track will explain none of
the variance of the observed series even if the mndel is the true
data generating mechanism. Finally Hendry and Richard [1082]
demonstrate also that an examination of historic tracking errors
mzy not substantiate the validity of the model even if it is the
'true' model generated by the data because the accuracy of the
simulation track depends on "the extent tc which the selected model
attributes data variance to féctbrs which are outside the model
irrespective of whether or not such factors really are stirongly

exogenous in practice" .(page 29).

Fevertheless, 'provided these defects are kept in mind, it is
argued that tracking exercises still provide some indication of the
validity of the model as a whole as distinct from that of the
individual equations examined in chapters 4 and 5. The following
exercisec were carried out using the ‘RATEXP' computer package -

see for example Matthews, Marwaha and Pierse [19811:
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i) Simulation using actual values of exogenous variables and
actual subsequent observations of the expected variables
(i.e perfect foresight)
ii) True rational expectations forecasts
In the case of (ii) above the method adopted was similar to that
outlined in Katthews ([1985]. The projections of the exogenous
variables were used to produce a four-period ahead forecast in the

following manner:

Ee-aXess = EQXews /Qu-1) (7.18)
Eie1Yeas = £7°(Ee—1Xevi; Evma¥easan) (7.19
i=123,4
where Q@ = the information set
Y = endogenous variables
X = exogenous variables

The process was then repeated for the whole sample period with the
information on the exogenous variables being updated at each
forecast. . This also requi;es' specification of the terminal
condition ¥. The procedure adopted was to use the definition of
the real exchange rate and to forecast the future real exchange
rate by way of a simple time trend and using the forecasts of the
domestic ané US price levels derived from the ARIMA forecasts
discussed eariier. The actual equations used were:

E«LnSi+y» = LnUSPe«1-LnFe+1-ReallnSe+n (7.20)
with ReallnS being defined as:

ReallnS = LnUSP - LnP - LnS .20

The precise version of the model used was that listed in

appendix 7.&. This involves one alteration to the estimated
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equations as discussed in chapters 4 and 5. As noted earlier the
essumption of equality between domestic and foreign ratese of
interest facilitated the estimetion of the bank lending equation.
It was felt, however, that the own rate of interest should bhave a
stronger impact on the demand for bank loans than that for the
competing source of loans. Consequently this assumption was
imposed on the relevant equation by adjusting the two estimated
coefficients but it should be noted that the adjusted coefficients
still lie within a 95% confidence interval of their original

(equal) estimates.

Examination of the tracking errors concgntrated ‘on variables
considered to be of significance within the context of the
theoretical model discussed in ckapter 3. These are i) notes and
coins (NC); ii) two definitions of money (¥l and M2); iii) domestic
bank lending to the non-bank private sector in sterling (L) iv) the
rate of interest on bank loéﬁs (RL) and the exchange rate (LS.
Figures 7.33 to 7.62 show the behaviour of the actual and model
forecastse of these variables. Further examination of the tracking
errors concentrated on the following summary statistics comparing
the actual and model predicted values of key variables:

i) The Root Mean Square Error

i.e. {I(P.-A)/n)*

iid The Mean Absolute Error
{LIP:-Ai1/n)
iii The Mean Error

{L(P:i-A:) /1)
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iv The Theil Inequality Coefficient
{L(Ps-A,)=/LA®)
v) The correlation coefficient between the actual and model
predicted variables.
where P:. and A: refer to predicted and actual values respectively
Greater importance was attached to measures (i), (11> and iwv) as
opposed to (iii) since the latter can be quite small due to
negative and positive errors offsetting each other by chance.
Similarly a high value for the correlation coefficient can be
recorded even if the prediction is biased. The Theil inequality
coefficient has & minimum value of 0 but no upper limit. The

relevant statistice are shown in Tables 7.4 to 7.8,

Ve now examine the results of simulations of the model. These
results are reported in Tables 7.4 to 7.8. The first simulation
uses actual observed values of both the exogenous variables and
LoS«<+: noting that this exbe;imEDt represents perfect foresight.
The ctatistice incorporated in Table 7.4 seem satisfactory with
relatively low forecast errors. The tracking performance of the
model is depicted in Figures 7.33 to 7.38 inclusive. Again the
results seem to be adequate. The second set of simulation results
reported in Tables 7.5 to 7.8 cover dynamic rational expectations
solutions of the model with the terminal condition for the expected
exchange rate being given by (7.20) and (7.21). Thus these
simulations test not only the performance of the model but alsg, in
addition, the ability to forecast values of the expected exchange

rate used ac terminzl conditions. For the quantity variables the
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summary statistics reported in Tables 7.5 to 7.8 seem satisfactory.
As would be expected the errors tend to become larger as the
forecasting bhorizon increases. In general higher order forecasts
induce higher order serial correlation. Thus forecast errors will
be correlated up to the length of the forecasting horizon-1. This

will lead to higher variances and, therefore, forecast errors.

A similar pattern is revealed in Figures 7.39 to 7.42, 7.45 to
7.48, 7.51 to 7.54 and 7.57 to 7.60 for one period, two period,
three period and four period abead forecasts but it is noteworthy
that the prediction for bank lending produced one outlier for each
of the simulations when substantial unde;—predicfion occurred.
Charts 7.41, 7.47, 7.53 and 7.58 reveal a similar, 1if less
proncunced, picture for M2. These errors occur in the one/four
period ahead forecaste starting from 1977 quarter 1 when the model
failed to converge. These were the only simulations where
convergence was not achieved éé little weight should be attached to
these errors. The results for the bank lending rate of interest
are less satisfactory;and relatively high forecasting errors are
recorded in Tables 7.5 to 7.86. A similar picture is revealed in

Figures 7.43, 7.49, 7.55 and 7.61.
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Table 7.4 Static Simulation: Actual Exogenous Variables

1974 Quarter 3 to 1979 Quarter 4

r % RMS %“HMAS %ME TIC

BC 0.996 2.4 2.0 -1.4 0.0006
M1 0.996 2.6 2.2 -1.5 0.0007
) 1€ 0.993 2.8 2.6 -1.8 .0.0008
L 0.993 3.1 2.6 -1.3 0.0010
RL 0.979 4.8 3.9 -0.6 0.0022
LnS 0.890 7.3 6.1 -0.9 0.0053
where r = correlation coefficient between actual and predicted

values

%RMS = % Root Mean Square Error

%¥AS = % Mean Absolute Error

%¥E =

% Mean Error

TIC = Theil's Inequality Coefficient
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Table 7.5 Static Simulation: Rational Expectations
One period Ahead Forecasts

1974 Quarter 3 to 1979 Quarter 4

T % RMS %MAS %ME TIC
NC 0.987 3.4 2.8 0.6 0.0011
M1 0.986 3.7 2.9 0.1 0.0013
M2 0.978 3.7 3.2 -0.8 0.0013
L 0.971 5.0 3.7 -0.4 0.0024
RL 0.796 14.2 10.9 1.6 0.0194
LnS -0.540 26.9 22.9 -7.1 - 0.0766
where r = correlation coefficient between actual and predicted
values

%RES

% Root Mean Square Erraor

%¥AS % Mean Absolute Error

%“¥E

% Mean Error

TIC = Theil's Inequality Coefficient
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Table 7.6 Static Simulation: Rational Expectations
Two Period Ahead Forecasts

1974 Quarter 3 to 1980 Quarter 1

r % RXS %MAS %ME TIC

NC 0.981 4.6 3.5 2.4 0.0002
M1 0.982 4.5 3.7 1.8 0.0002
M2 0.974 4.1 3.3 -0.5 0.0017
L 0.959 7.3 4.9 -0.8 0.0051
RL 0.641 1.4 16.9 3.1 0.0384
Lns -0.692 27.2 23.7 -7.0 . 0.0721
where r = correlation coefficient between actual and predicted

values

%RMS = % Root Mean Square Error

%MAS = % Mean Absolute Error

%¥E = % Mean Error -

TIC = Theil's Inequality Coefficient
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Three Period Ahead Forecasts

1674 Quarter 3 to 1980 Quarter 2

NC

M1

RL

LnS

where

T % RMS %MAS %ME
0.964 6.87 5.3 4.2
0.9870 6.3 5.1 3.5
0.973 4.3 3.6 -0.1
0.955 8.8 6.4 -1.3
0.432 26.5 22.1 5.2
-0.675 26.4 23.5 5.9
r = correlation coefficient between actual
values
%RMS = % Root Mean Square Error

“HAS

U]

% Mean Absolute Error
“ME = % Mean Error.

TIC = Theil's Inequality Coefficient

Rational Expectations

TIC

0.0045

0.0038

0.0018

0.0074

0.0654

©0.0680

and predicted
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Table 7.8 Static Simulation: Rational Expectations
Four Period Abead Forecasts

1974 Quarter 3 to 1980 Quarter 3

r % RMS %MAE %ME TIC

5C 0.930 9.7 8.1 6.6 0.0091
X 0.951 8.3 6.5 5.3 0.0066
0.969 4.7 4.1 0.6 0.0021
L 0.947 10.3 8.2 -1.9 0.0099
RL 0.340 29.0 24. 8 6.8 0.0781
LnS -0.768 26.6 23.3 -4.8 . 0.0685
where r = correlation coefficient between actual and predicted

values

%R¥S = % Root Mean Square Error

%¥AS = % Mean Absolute Errcr

%ME = % Mean Error -

TIC = Theil's Inequality Coefficient
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Finally turning to the forecast errors for the exchange rate
which can only be described as poor (see Tables 7.5 to 7.8 and aleo
figures 7.44, 7.50, 7.56 and 7.62). It sbhould however be
remembered that this variable is forecast by the equation:

LnS: = E«LnSt+y - FP/4 (7.13)
and no doubt the inadequate performance reflects to a large extent
the inability to forecast the required terminal conditions for
E+LlnS«+1 with any degree of precision. It will be recalied that
the predicted value of the expected real exchange rate ie obtained
by & simple time trend and we show below summary statistice for the
relationship between the actual and predicted values during the

observation period:

R= 0.504

RMS 0.170(25%)
MAS 0.146C17%)
ME -0.187(27%)

where the same abbreviatioﬁé are used as in Tables 7.4 to 7.8
and the figures in brackets represent percentage errors
A second reason for this deficiency is that the simulations were
carried out under the assumption of a pure float whereas  the
authorities intervened in the markets during this period ®. This
view is substantiated by comparing these errors with those obtained

using actual values for E.LnS¢+: described in table 7.4.

Thé tentative conclusion drawn from this analysis is that the
model gives a reasonable representation of the UK financial system

during the relevant observation period.
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Notes

w

This arises because of the ratio 1og(F/RDA) used as the
dependent variable in the original equation for holdings of net
overseas assets held by the non-bank private sector. For
example a once-and-for-all increase in domestic wealth due to a
rise in the PSBR causes the exchange rate ($ per £) to rise as
foreign assets and domestic money are substituted for bonds in

portfolios.

Fuller discussion of terminal conditions is contained in chapter

8.2.

Eezrney Aand MacDonald [1985] alsoc ncte the poor fit of =a
rational expectatione simulation over rapproximately the same
time period. They' argue that the actual rate would have
followed the path of the rational expectations simulation if the
“information about the Thatcher experiment been known in

advance" (page 20).
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Appendix 7. A

The 1instrumental variable estimates are used with the sole
exception of the banks' demand for monetary base for which
estimation was by ordinary least squares only. The entire model
was re-estimated by the full information maximum likelibhood method
with all the slope parameters contained in the information set so
as to obtain new estimates of the constant terms. As noted in the
main body of the text, the non-bank private sector net overseas
asset equation was inverted to obtain the forward premium as the
dependent variable with the actual net holdings of overseas assets
being obtained from the balance of payments identity. Variables
are as defined before with the exception of the seasonal binaries
D1, D2 and D3. Full details of the abbreviations used follow the

listing of the equations/identities,

Non—-Bank Private Sector Portfolio Equations

E.1  LECD = 10.342 + 0.4541RD. - 0.5892LnYEXP - O0.1606LuRV. 4+
0.5085LNCD.—1 + 0.0018T - 0.0417D1- 0.0277D2 -~ 0.0290D3
p = -0.4302

E.2 LMID = 3.658 - 1,121RD. - 0.2484LnRV. + 0.3534APEXP. +
0.0014T + 0.9752LMDe—, - 0.0302D1 - 0.0407D2 - 0.0196D3

p = —0.3626



=220 -

E.3 LMBA = 3.887 + 2.753(RD-RG)« - 0.602€LnRV.~ 0.0165T +
0.0498LMBA+-1 - 0.0697D1 - - 0.0373D2 - 0.0351D3
p = 0.4759

E.4 LBLA=-1.9979 - 1.456RL.¥ + 0.900RC.¥ + 0.1485LnRV. + 0.0004T
+ 0.7793LBLA.-» 40.0115D1 + 0.0131D2 - 0.0123D3

E.5 FpP= -1.0979 - (R*« - RG.) + C.0800Ln(F/FNDA). -
0.0482Ln(F/FDAY+-+ - 0.0056D1+ 0.0037D2 - 0.0120D3

% = imposed coefficient

Banking Sector Portfolio Equations

E.6 RL = ~0.0611 + 0.8806RM. + 0,1073LENRAT.
E.7 RD = 0.0183 + 0.5625(RL+RC¥)+ ~ 0.1062TDRAT.
p = 0.3154

E. 8 LBEI=-0.5953 - 0.3387R¥. - 0.1019D1 - 0.0¢382D2 - 0.0562D3
p = 0.8408
E.Q FE./(TBL4BB). = -0.0042 + 0.4836F*. + (.7021FP. -0.5391RL.
+ G.757T0(FB/ (TBL+BB))e—1 + 0.0020D1 + 0.0052D2 + 0.0001D3
Term Structure
E.10 RG= R + 0.007

Valuation Effect

E.11 V = KDA:i-1 + PSBR. - 0.15%#{(RG¢-RGi-1)/RGc-1) #NDAy-1 + Fy_1

+ Ch. - BF.+ OTHER. - (FBL-FB¢~1) + 0.5% '\Z_nS«.—LnSp--.)iFL._]



-221-~

Log of the Exchange Rate

E.12 LnSy = E«LnS:t+1 - FP/4

ldentities

I.1 BC = {Exp(LNCD)}DS

1.2 ¥1 = {Exp(LMID))DT

I.3 DS = M1 - NC

1.4 M2 = (Exp(LMBA)E

1.5 DT = M2 - X1

1.6 L={Exp(LBLA>}DAS

1.7 D=DS + DT

1.8 TBL = L 4+ LOS

1.9 HB={Exp ((LBHD}D

1.10 BRB=0L+D-HR-FB~-SPECD

1.11  F=CA-BF+OTHEER- (FBe~FBe—1)+Fe-1
+ 0.5%(LnS¢~LnSc~1)#F

1.12 DAS = B + M2

1.13 B= WV - ¥2 - F - RESID + BL

I1.14 LnR¥W = Ln(¥W/P)

I1.15 RC* = R* + FP

Notes and coins
Narrow money
Sight Deposits

Broad Money

Time Depbsits

$ Bank lending tc nbpe
Total £ bank deposits
Total £ bank lending
Bank's monetary base
Bank's holdings of
bonds

Inverted balance of

payments identity

nbps gross domestic
assets

nbps bond holdings

nbps real financial
wealth

covered foreign rate

of interest
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1.17

1.18

-eze -

N¥DA = DAS - L nbps net domestic
assets

LEFRAT = TBL/ (D+0L) banks lending ratio

TDRAT=DT (D+0L) banks time deposit
ratio

Endogenous Variables

BB

DAS

DS

DT

FB

FF

LBHD

bonde held by the nbps

bonde held by the banking sector
nbps gross domestic assets

total sterling bank deposits
sight deposits held by the nbpe
time deposite held by the nbps
net overceas assets of the nbps
net overseacs assets of the banks
forward premium on $

monetary base held by bankipng sector
sterling bank lending to the nbpe
Lo (HB/D)

Ln(L/DAS)

Ln(BB/TBL)

Ln(K2/B)

Ln(M1/DT

Ln(¥C/DS)

Ln spot exchange rate (& per &)

narrow money held by nbps
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Me broad money beld by nbps
NC notes and coins (i.e. monetary base) held by nbps

NDAa net domestic assets held by nbpe

P General price level based on consumer prices
RC* covered foreign rate of interest

1Ny rate of interest paid on time deposits

RL rate of interest charged on sterling bank loans
RG S year gilt rate df interest

TBL total sterling bank lending by banking sector

v Ket financial wealth of the nbpe

Exogenous Variables

BCF official financing balance of payments also depicted by ARES
B= total supply of government bonds

Los bank lending in sterling to overseas sector

Ce current account balance‘of payments

Ccr: consumer price index

D, seasonal binary;variables

LEYZXP Ln real expected GDF at factor cost

0oL other liabilities of the banking sector
OTEZZ residual of the balance of payments identity
AFZY? expected inflation

R uncovered Eurodollar rate of interest

RES-Z recidual item in the definition of FIN

R¥ treasury bill (money market) rate

- , : 1
Srzll special deposits |
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T Time in unite of 1 quarter

Usp US consumer price index

Predetermined Variables

LMTDewn FBe-» LBHDv-»
RC* ¢ LBLA+ - LNCDe-»
RDe—1 LBLLe- LECDe -2
RLe-n LRYe—» RGe—n

LMBA«—» LnRVe-y DTe—-1
NDAv-1 Fe-n LnSe—a

LnSe-= Be—

Appendix 7.B: Graphs
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FIGRE 7.) THE UNCOVERED POREION RATE OF INTERBST
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FIGME 7.3: CONRIER PRICE IdOEK
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FIGURE 7.4: STERLINGE BANK LENDING OVERSEAS (LOS)
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FIGRE 7.9: OTHER LIABILITINE OF THE BANKING
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FIGURE T.6:

RESIDUAL ELEMENT OF NON-BANK PRIVATE SECTOR FINANCIAL WEALTH (RESID)
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BIGURE 7.7: RESIDUAL MRON THE BALANCE OF PATTENTS
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FIGURE 7.9t CURRENT ACCOUNT BALANCE OF PATIENTS
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FIBURE 7.10 COMPONENT OF THE PSBR FINANCED BY THE NON-BANK PRIVATE SECTOR (PSBR)
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FIGURE 7.111 US CONBUNER PRICE INDEX
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F16 7.15: P (DRIEINAL SERIES)
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LOS CORIGINAL SERIES)
AUTOCORRELATION COEFFICIENTS
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F16 7.17¢ OL CORIGINAL SERIES)
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FI16 7.18: RESID (ORIGINAL SERIES)
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F16 7.19: OTHER (ORIGINAL SERIES)
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F16 7.20: Bof CORIGINAL SERIES)
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FI16 7.21: CA (ORIGINAL SERJIES)
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F16 7.22: PSBR (PSBR(T>»PSBR(T-4))
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F16 7.23: USP (DRIGINAL SERIES>
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FI6 7.24: RM (ORIGINAL SERIES)
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FI6 7.25: R* (FIRST DIFFERENCES)
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FIG 7.26: LaYEXP (LRYEXP(T)-LRYEXP(T-4))
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F16 7.27: P (FIRST DIFFERENCES)
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F16 7.28:

LOS (FIRST DIFFERENCES)
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FI6 7.29: OL (FIRST DIFFERENCES)
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F16 7.30: RESID (FIRST DIFFERENCES)>
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FIG 7.31: USP (FIRST DIFFERENCES)
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F16 7.32: USP (SECOND DIFFERENCES)
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NOTES AND COINS

EISURE 7.23: TRACKING PERFORMANCE
ACTUAL EXOBENOUS VARIABLES
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FIGURE 7.3t TRACKING PERFORMANCE

ACTUAL EXDEENOUS VARIASLES
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FIGURE 7.371 TRACKING PERFORMANCE ~ LOAN RATE

ACTUAL EXDBENOUS VARIABLES

-253~

%
1
'
'
)
1
..
..
4.
) KEY
2, ACTUAL SERIES —
| MODEL PREDICTED SERIES . _
T3 3 A O 7 2941 234123 481 23433
1973 1974 1873 1976 1977 1878 1978 1960
FIGURE 7.383 TRACKING PERFORMANCE - LOB EXCHANGE RATE ¢DOLLARS.POUNDS >
ACTUAL EXOBENOUS VARIABLES
-2.9 ]
-2.8
8.7,
-9.6
-$.5
9.4
-2.3
—..21
- KEY
o1 ACTUAL SERIES —
mna.nemcmsaxa__
172341 2341234123401 334 33t
4123 4
1973 1974 1878 1978 1977 1978 1879 l;’ !




~254~-

NOTES AND COINS

RATIONAL EXPECTATIONS: ONE PER]IOD AHEAD FORECASTS

FIGURE 7.39: TRACKING PERFORNMANCE
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EISURE 7.411 TRACKING PERFORMANCE - M2
RATIONAL EXPECTATIONS: ONE PERIOD AHEAD FORECASTS

FIGURE 7.428 TRACKING PERFORMANCE - BANK LOANS
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FIBURE 7.43t TRACKING PERFORMANCE - LOAN RATE
RATIONAL EXPECTATIONG: ONE PERIOD AHEAD FORECASTS
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NOTES AND  COIMS

RATIONAL EXPECTATIONS: TWO PERIOD AHEAD FORECASTS
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FIBURE 7.47: TRACKING PERFORMANCE -~ M2
RATIONAL EXPECTATIONSS TWO PERIOD AHEAD FORECASTS
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FIGURE 7.49t TRACKING PERFORMANCE - LOAN RATE
RATIONAL EXPECTATIONS: TYO PERIOD AHEAD FORECASTS
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NOTES AND  COINS
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EINME 7.53: TRACKING PERFORTWICE - M2
RATIONAL OPECTATIONS: THRSE PSRIOD AHBAD FORECASTS
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FIGURE 7.55: TRACKING PERFCRMANCE -~ LOAN RATE

RATIONAL EXPECTATIONS: THREE PERIOD AHEAD FORECASTS
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EISURE 7.57t TRACKING PERFORMANCE - NOTES AND COINS
RATIONAL EXPECTATIONS: FOUR PERIQD AHEAD FORECASTS
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CHAPTER 8 SIMUILATION

STUDIES: PURE FLOAT

8.1 Introduction

In this chapter we report the results of various simulation
exercises dealing with shocks to 1) the domestic money market rate
of interest, 1i) the uncovered foreign rate of interest and 1iii)
net overseas assets bheld by the non-bank private sector. The
general procedure adopted attempted to reflioate as far as possible
the theoretical experiments reported 1in chapter 3. Consequently,
throughout the simulations the following variables were held
constant:

i Long-run expected income  (LnYEXP)

i) Fominal financial wealth (V). This implies zero balances
for the PSBR and also the current account. Fote this still
permits financial wealth to vary due to the valuation
effects discussed in chapter 7. This assumption is relaxed
for the current account balance in section 4.

These adjustments left +the ©price index rising but at an

approximately constant rate so that expected inflation remains

roughly constant. The plan of the chapter is as follows. In
section 2 we discuss the imposition of the terminal condition. 1In

section 3 the impact of the shocks discussed above are examined
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under conditions of a pure float so that the change in foreign
currency reserves is zero. It is realised that a pure float is
unlikely to occur in the real world but the results obtained using
the assumption of a pure float provide a yardstick against which
the results of intervention by the authorities may be considered.
These simulations show the impact of sbocks on the financial sector
with no feedback from changes in the real sector. It was felt to
be beyond the scope of this study to specify and estimate the real
sector in addition to the financial sector but in section 4 we
impose an equation which allows for some adjustment via the current
account balance. Intervention by the authorities in the foreign

exchange markets is considered in chapter 9.

8.2 Texrminal Conditions

It is well known that rational expectations models involving
future expectations;typicnlly involve non-unique solutions. The
method adopted in this study to overcome this problem is to impose
a terminal condition whereby agents anticipate that the model will
reach an equilibrium value at some date in the future (see for
example Minford and Peel [1983a] chapter 3) '. Imposition of a
terminal condition requires two decisions to be made; 1) the actual
terminal condition itself and ii) the time horizon envisaged before
the model returns to its equilibrium value. Dealing with the firsf

problem, it was decided to impose the exchange rate ruling at the
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commencement of the simulation period as the terminal condition
rather than any value suggested by purchasing power parity (PPP).
Apart from the dubious relevance of PPP theory to short-term
movements in the exchange rate, there was the additional problem
that the sterling exchange rate appreciated during the later part
of the simulation period even though the rate of inflation was
higher in the UK than that experienced in the USA. Two (not
necessarily competing) reasons have been offered in the literature
for this phenomenon namely 1) the onflow of HNorth Sea oil
production and ii) UK monetary policy. It was felt, therefore,
that the use of an actual value of the exchange rate would
approximate the then-ruling conditions more closely and facilitate

evaluation of the results of the simulation experiments.

The second decision was approached from two angles. First the
dynamic properties of a simplified version of the model were
examined analytically 2. Second, we also simulated changes in the
domestic money market rate of interest against differing time
horizons. The analysis concentrates on the portfolio bebaviour of
the non-bank private sector and the relevant equations are recorded
below using a slightly different notation in order to facilitate
the algebraic manipulation:

Demand for money

(1-6L) (m-b) = oR a <0 8.1
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Gross domestic assets (source)

g = 1n(LPSBRe-1) 8.2)
Net domestic assets

d =Yg - rc 8.3

where ¥ = 1+t and 1 1is the share of bank credit in gross

domestic assets
Net overseas assets

(1-AL) (f-d) = B(R*+s*-s-R) 0<B 8.4
Demand for bank loans

(1-gL) (c-g) = p(R-R*-s*+s) p<o (8.5
Gross domestic assets (shares)

g = ym-+ (1-p)b (8.6)
Valuation effect

(1-L)F = (ns(1-L))Fe—r n< 0 8.7
The smaller case variables represent logarithmic variables defined
by the standard abbreviations. Thus m = LnM, b = LnB, ¢ = LnC, s =
LnS, d = BDA and f = LnF. The capital L in this case represents
the lag operator with C representing bank lending to the non-bank
private sector. y is the share of money in net financial wealth.
Endogenous variables are m,b,d,f,c and s with equation (8.2) merely
describing the source of g in terms of an exogenous variable.

Equation (8.7) can be transformed by dividing throughout by Fe-a to

obtain:
((A1-L)F)/Fe—r = ws(1-L)
or approximately

(1-)f = (1-Li)ns (8.7a)
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Note that the solution of the model for the exchange rate (&)
requires solution of equations (8.3), (8.4), (8.5) and (8.7a) only.
Given a solution for & the remaining equations can be solved

sequentially.

From (8.4) we obtain:

s*-8 = R-R* + {(1-aL) (f-d))/B 8.8
From (8.7a):

f=7s +k 8.9
From (8.5):

c = p{R-R*-s*+8)}/(1-¢L) + g 8.10)

Substituting ¢8.10) into (8.3) produces:

d = Yg~T{p(R-R*-s*+g)/ (1-gLO+g} 8.11)
Substituting (8.9) and (8.11) into (8.8) gives:

§*-s = R-R*+{ns+k-[Yg- TP (R-B*-8*+8)/ (1-gL)-1gl1) {(1-AL)/B) (8.12)
In order to simplify the algebra it 1is assumed that 1-¢L
approximately equals = 1—XL.4Vriting

Z = {k-yg(1-AL)}+yg(1-AL)}/B and simplifying (8.12) produces:

§*-8 = R-R*+Z+{xs-nA8e—1}/B+Tp(R-R*) /B~ (rps*~Tus) /B 8.13)
Collecting like terms and rearranging gives:

1+ p/B)e*~ (1+x/B+rp/BIist An/BISe—1 = (R-R*) (1+7p/B) + Z (8.14)
Using the estimated values for p, B and )\ (taken from Tables 4.7
and 4.8), the average value for 7 over the estimation period and
the value for n used in the valuation effect produces:

0.9914s* - 1.0409s + 0.0241is¢—7 = R-R* + Z 8.15)
Assuming rational expectations so that s* = Se¢.1 and normalising

(8.15) produces:
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Se+1 - 1.05640.0243s¢~1 = R-R*+1.007Z 8.16)

The solution of the characteristic equation of (8.16) gives
roots of 0.0238 and 1.026. Following standard practice we
disregard the non-stable root and concentrate on 0.0238. The small
size of this root suggests that the equilibrium exchange rate

should be quickly restored following any external shock.

As a further check on the relevant time horizon, we simulated
the effect of a permanent “ increase in the domestic money market
rate of interest of 1% for differing time horizons. The results of
this experiment are sbown in figure 8.1, The salient feature
revealed by this chart is the change in the time path followed by
the exchange rate as the period is extended. For periods of 4 and
8 quarters the exchange rate jumps immediately and then gradually
returns to its terminal condition. For the 12 quarter time
horizdn, the adjustment path of the exchange rate assumes an
inverted V pattern which is further accentuated for the 15 quarter
period. Given the quick adjustment revealed in the analytical
solution of the si;mplified version of the model, the probable
reason for this behaviour is that we are forcing the adjustment
path away from that inherent in the structure of the estimated
model. Consequently for the simulation experiments reported in

section 3 we use an eight quarter time horizon.
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8.3 Simulation of Exogenous

Shocks: Pure Float

In this section we examine the effect of the three exogenous
shocks considered theoretically in Chapter 3. These simulations
are non-stochastic and are carried out for the time period 1975
quarter 3 to 1677 quarter 2 under the hypothesis of rational
expectations so that the shocks are unanticipated. The terminal
condition is imposed on the first quarter beyond the simulation
period, i.e. 1977 quarter 3. Two types of shock are considered:
permanent and temporary. For a permanent shock, the variable
concerned -was maintained at the new level throughout the simulation
period. In addition the terminal condition is adjusted to reflect
the effect on the equilibrium level of the exchange rate. Thus,

for example, a 1% rise in the foreign uncovered rate of interest is
assumed to raise the dollar/pound exchange rate by the same amount
(in terms of logs, from -0.7814 to -0.7714). A temporary shock on
the other hand is applied to the first two quarters of the
simulation period only and the terminal condition is left

unchanged.

The effect of a permanent rise in the uncovered foreign rate of
interest (R*) is examined first of all. The comparative static
analysis pursued in chapter 3 (Figure 3.6) suggests that both the
exchange rate and the loan rate of interest (RL) will rise. This

is confirmed by the model simulation as illustrated in Table 8.1
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below which shows the impact on the same variables used in chapter
7 to assess the performance of the model. As would be expected
under conditions of a pure float, the impact on the quantity
variables is quite small. This comment also applies to the effect
oo RL. The assumption of imperfect substitutability between
domestic and foreign assets means that the forward premium on
dollars 1is reduced but by less than the 1% rise in R*.
Consequently, the cost of borrowing abroad rises and this results
in the rise in sterling bank loans (L) revealed in the table.
Similarly, the money supply rises - the effect is more marked for
M2 than K1 because the rate of interest on time deposits also
increases following the rise in R*. Note also the loan rate also
rises following the increase in loans in fhe banks' asset portfolio
so that the profitability of banking operations is only marginally
affected (i.e. the gap between the rate charged on loans and that
paid on deposits decreases by 0.16%.3The adjustment path for the
exchange rate is shown in Figure 8.2. As predicted in chapter 3,
overshooting occurs with a gradual adjustment back towards the
terminal condition after the initial jump. The general features
described above are similar to those reported in De Grauwe et al
(19851 for a foreign rate of interest shock applied to financial
models of the German and French economy. The main difference lies
with regard to the size of the initial jump <(approximately 6%
compared with the 2.8% described above). This difference seems to
arise from their assumption of the much longer time horizon of

‘sixteen quarters. Reference to Figure 8.1 also shows that if the
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time horizon is extended, the size of the initial Jump in the

exchange rate increases.

In contrast to the case of a permanent shock, a temporary shock
to R* produces minimal effects on all variables including the
exchange rate. Examination of Figure 8.2 shows that the exchange
rate jumps by only 0.4% and then quickly returns to its original
value. The effect on the other variables is also minute as
evidenced by the details of Table 8.2. Note also there is no
growth in bank lending in this case. The small magnitude of the
effects of the temporary rise in R* contrasts with the results
obtained for a permanent rise discussed above and suggests that the
significance of the impact of interest fate changes on exchange
rates will vary according to whether the markets perceive the
changes to be permanent or temporary. This may help to explain why
the impact of interest rate changes on the foreign exchange
markets appears to be unpredictable since the advent of general
floating. The same point has been made by De Grauwe et al [1985]

and Brunner, Cukierman and Meltzer [1980].

Ve now turn to examine the effect of a rise in the domestic
money market rate of interest (RM) caused by the implementation of
a restrictive monetary policy. The effects are similar in
magnitude but opposite in direction to those analysed above for a
rise in R*. Again the effect on the quantity variables is quite
small. There is a decline in the quantity of notes and coins held

but a greater decline in holdings of M1 which implies a decline in



- 276 -
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Table 8.1
Effects of A Permanent Increase of 1% in the Uncovered

Foreign Rate of Interest (free Float)

Variable Impact Effect after End-of-Period
Effect 4 quarters Effect

&m &m &m
NC -3.4 +2.4 -2.9
X1 -3.5 +12.5 6.1
) V] -10.5 +86.5 +106.5
L +64.6 +145.7 +174.1

% % %
RL +0.02 +0.03 | +0.03
LnS  42.76 +2.02 +1.20
Table 8.2

Effects of A Temporary Increase of 1% in the Uncovered

Foreign Rate of Interest (Free Float)

Variable Impact Effect after End-of-Period
Effect 4 quarters Effect
im im im
NC +3.6 -6.1 -5.1
M1 - +11.1 -9.2 -3.6
M2 +46.2 +19.2 +11.2
L +49.1 +54.9 +25.6
% % 7o
RL +0.01 +0.01 0.0

LnS +0.42 -0.01 0.0
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Table 8.3
Effects of A Permanent Increase of 1% in the Domestic

Koney Market Rate of Interest (Free Float)

Variable Impact Effect after End-of-Period
Effect 4 Quarters Effect

&m £m in
NC -39.0 -61.4 -102.3
n -194.0 -340.3 -470.7
w -275.2 -239.4 -272.5
L -225.4 ~-130.2 -116.6

% % %
RL +0.86 +0.87 +0.87
LnS -2.56 -2.01 _ -—1.20
Table 8.4

Effects of A Temporary Increase of 1% in the Domestic

Money Market Rate of Interest (Free Float)

Variable Impact Effect after End-of-Period
Effect 4 Quarters Effect
&m in im
NC -37.4 -18.2 -25.4
X1 -188.7 -85.3 -59.4
K2 -251.0 +23.5 +4.3
L -199.0 +41.7 +7.9
% % %
RL +0.87 0.00 0.00

LnS -0.42 0.02 0.00
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sight deposits. Holdings of M2 bave also decreased but by a
smaller amount thus indicating a switch from non-interest bearing
sight deposits towards interest bearing time deposits. This, of
course, reflects the rise in other domestic interest rates which
are directly related to RM. Similarly bank lending has also
declined following the rise in the loan rate - note, however, the
rise in the loan rate is less than 1% given the elasticity of 0.85
recorded in table 5.6. At the same time the rate paid on deposits
rises by tbhe same amount so that there is no change in the interest
rate spread. The initial fall in the exchange rate is approximately
equal in magnitude to the rise following the increase in R*
discussed earlier. Again it is relevant to note that the direction
of these effects 1s in accordance with‘the theoretical analysis
carried out in chapter 3 (Figure 3.7). The pattern of adjustment
in the exchange rate for both the temporary and permanent increase
in RM is shown in figure 8.3. The comments made above with regard
to a temporary increase in R* apply with equal force to a temporary
increase in RX as evidenced by the detail contained in Tables 8.3

and 8.4.

Finally, in this section, we examine the impact of a rise inm
holdings of net overseas assets by the non-bank private sector.
This was achieved by imposing a one period positive balance of
£500m on the current account of the balance of payments. No change
was made to the terminal condition. The effect of this change on
the exchange rate is shown in Figure 8.4 and on all variables in

Table 8.5, The rise in both the exchange rate and the loan rate of
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interest are in accordance with the analysie presented in chapter 3
(Figure 3.8). The changes in the quantity variables reflect rises
in domestic rates of interest and the forward premium on the dollar
which is not offset by any decline in the uncovered foreign rate of
interest thus making foreign borrowing more expensive. Note also
there is a small shift from non-interest bearing to interest
bearing money. Ve note that the reaction to these shocks involves

'overshooting’ defined as the movement of the actual spot rate

Table 8.5
Effects of A Permanent Increase of £500m in FNet
Overseas Assets held by the Non-Bank Private Sector

(Free Float)

Variable Impact Effect after End-of-Period
Effect 4 Quarters Effect
im in &m
NC +19.7 -16.8 ~27.6
M1 +54.0 -36.8 -49.9
M2 +221.9 +162.0 +162.8
L +249.5 - +293.5 +272.3
% % %
RL +0.03 +0.05 +0.04

LnS -0.64 -0.35 -0.07
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beyond the rational expectation of the equilibrium rate as imposed
in these simulations by the terminal condition. The feature of
'overshooting' has been extensively reviewed in the literature =
with perhaps a general consensus being that overshooting results
from the specification of the model rather than being a universal
phenomenon. Driskill [1980] comments that "Furthermore, one of the
striking implications of existing asset equilibrium models, that of
overshooting, 1is seen to be not a general result but one closely
tied to rather special assumptions" (page 783). Omne might counter
that the absence of overshooting also depends on rather special
assumptions such as 1) instantaneous adjustment of the trade
balance (Driskill [19801), 1i) absence of interest bearing domestic
assets (Niehans [1977]) etc. One particﬁlar restrictive assumption
in this model is that we have not allowed any feedback via the
current account of the balance of payments from the real sector.

This is partially rectified in the following section.

8. 4 Extension of the Model to
Incorporate the Current Account

of the Balance of Payments

The various simulations reported in the previous section suffer
from one major defect since the channels of adjustment are
restricted to the financial sector. This contrasts with the

mechanism envisaged by Branson and Halttunen [1879] where tbhe
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long-term adjustment involves changes in the current account of the
balance of payments which, in turn, lead to changes in private
wealth. Since, as is already noted, the object of this study is to
model the financial sector of the UK economy, we have imposed the

following simple current account function on the model.

Abstracting from income flows derived from overseas investment,
exchange rate changes affect the current account in two ways; 1) a
valuation effect and i1i) a volume effect. This can easily be seen
by differentiating the current account identity wusing the
simplifying assumption that both the foreign currency price of
imports amd the sterling price of exports remains unchanged.
Similarly no allowance is made for domestic income changes.
Consequently:

ACA = P(6X/6S)dS ~ SPm(6IM/6S)dS - PnINMdS (8.17)
where CA is the nominal current account, X and IM are exports and
imports in real terms, P and Pm are the domestic and foreign price
level and S the spot exchange rate (units of domestic currency per
unit of foreign currency).The last term is the valuation effect and
the first two terms the volume effect. Ignoring lags (8.17) can be
approximated by:

CA = Xe~ALnS - IMenALnS - IMALRS (8.18)
where €, and €m are relevant price elasticities for exports and
imports respectively, LnS the log of the exchange rate. A further
simplification is achieved by using mean values of exports and
imports for X and INX and imposing a zero balance on the period

befocre the shock. This specification is quite general and a J
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curve would arise from making +two assumptions: i) the
Marshal/Lerner conditions are satisfied with respect to the
elasticities in the long run and 1i) the adjustment from the volume

effect 1s slower than that from the valuation effect.

This leaves two factors to be determined. These are the size
of the two elasticities and the appropriate lag structure.
Reverting to the first factor, Thirlwall (19801 considers the
question of tbhe elasticities and concludes that the evidence
regarding the significance of changes in relative prices on the
volume of imports is very mixed. In contrast he argues that there
would seem to be & general consensus among investigators that the
short run elasticity of exports with fespect to relative price
changes is quite low but that after two years the elasticity is
probably of the order of 1.5 to 2.0. Ve have imposed coefficients
of 0.5 and 1.75 for imports and exports respectively which seem to
be roughly of the right order. VWith regard to the appropriate lag
structure, we have assumed a total lag of eight quarters with
imposed weights that follow an inverted V pattern peaking after 4
quarters. The actual lags were as follows:

t 0.0; t-1 0.05; +t-2 0.10; t-3 0.20;

t-4 0.30 t-5 0.20; t-6 0.10; t-7 0.05;
This contrasts with Minford [1978] who identifies a six year lag as
being appropriate for UK manufactured exports €. The combination
of the two assumptions regarding the elasticities produces a J
curve effect with a one-off 1% appreciation in the dollar exchange

rate producing an impact effect of -£79m in period t but an overall
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improvement of £99m after 8 quarters. The break even point occurs

after 4 quarters.

Ve now examine the effects of introducing the curremt account
into the model on the simulation of a rise in the domestic money
market rate of interest reported in section 3 above. The rise in
this rate of interest causes the $/£ exchange rate to depreciate in
the period immediately following the shock but, thereafter to
appreciate gradually towards the long-term equilibrium value. The
introduction of adjustment via wealth effects through current
account changes should alter this pattern in three directiomns:

a. The initial jump in the exchange rate should cause the current
account balance to increase leading té a corresponding increase
in private wealth.

b. The long-term effect of the initial jump would be to reverse
this effect and cause the current account (and therefore private
wealth) to decrease.

c. The subsequent depreciation of the exchange rate towards the
terminal condition would produce the opposite effects to those

discussed in (a) and (b) above.

In contrast, if we assume immediate adjustment of the current
account to exchange rate changes, all the adjustment would take
place in period t. Consequently, the depreciation of the dollar
would lead to an immediate reduction in private wealth reducing the

size of the overshooting.
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Examination of the simulation of the shock to net overseas
assets discussed in the previous sectlons suggests that the impact
of these changes on other variables within the model should be
quite small. In the case of lagged adjustment, the time horizon of
the terminal condition should, in theory, be extended. However in
view of the relatively small magnitude of these effects we decided
to leave it at eight quarters. The results of a simulation of a 1%
increase in the domestic money market rate of interest against the
base run of =no current account effect confirmed +the above
prognosis. The impact of these changes as against the model which
excluded current account adjustments were as follows:

a Immediate adjustment of the Current Account

Initial jump in the exchange rate reduced from 2.56% to 2.26%
b Lagged Adjustment of the Current Account

Initial jump in the exchange rate increased from 2.56% to 2.69%
Both these impacts are relatively small and have therefore little
effect on the results discussed earlier. Similar results would be
obtained if the shock had taken the form of an increase in the
uncovered foreign rate of interest in view of the symmetry of the

results discussed in section 3 abave.

8.5 Conclusions

In this chapter we have examined the effects of shocks arising

from changes in domestic and foreign rates of interest as well as
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net foreign assets. Ve have imposed a function to represent
changes in the current account induced by movements in the exchange
rate. These effects seem to have quite a small impact so that
using foreign asset markets alone provides a useful approximation
to the results derived from the use of the more complete model.
The simulations show that the effect of interest rate shocks
depends critically on whether the changes are perceived to be
permanent or temporary. In the following chapter we examine the
potential for official intervention in the foreign exchange

markets.
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Notes

1 Alternative methods of solving the model include 1) ruling out
unstable roots (though see Burmeister [1980] for a criticism of
this approach), 1i) adopt the root which minimises the

deviations of the endogenous variables (Taylor (19771).

2. The model is mainly simplified by i) the incorporation of a
composite variable M to replace four monetary variables, ii) the
omission of the banking sector supply functions - in this latter
case the exchange rate appears in the equation explaining their

demand for overseas assets.

3. The estimated values of ¢ and X were 0.7793 and 0.6820

respectively.

4. The distinction between temporary and permanent shocks is

defined in section 8.3

5 For example see Phylaktis and WVood [19831, Driskill (19801,

Dornbusch [1976], Ethier [1979], Minford and Peel [1683bl.

6. Driskill (19811 reports that, for Swiss/US data for period
197371977, after 11 quarters about 75% of the exchange rate
adjustment has taken place and, for the price level, about 97%

of the total adjustment.
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CHAPTER L= INTERVENTION BY
THE AUTHORITIES IN THE

FOREIGN EXCHANGE MARKETS

9.1 Introduction

Justification of official intervention in the foreign exchange
markets is usually directed towards the potential for the reduction
of fluctuations im exchange rates - sée, for example, Mayer and
Taguchi (1983). It is argued that uncertainty in respect of the
equilibrium exchange rate given changing domestic circumstances
will inevitably lead to excessive volatility in the spot market
which will interact with the domestic economic environment but with
a lag due to the J curve. This may exaggerate the inherent
volatility of the exchange rate with detrimental effects on the
growth of world trade and economic growth. Such volatility may, in
principle be allievated by private speculation but it is often
argued that private speculators take an essentially short-term
position rather than the medium-term view necessary to even out
swings in the exchange rate. Consequently, there is a need for
official intervention. On the other hand, it is not always
accepted that intervention by the authorities will influence the

exchange. rate in the desired manner. For example, Bockelmann
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(1983] suggests that intervention by the authorities may change the
nature of the market so that the desired results are not obtained.
In particular:

"when the central bank is buying foreign currency the message
of the signal might be 'don't expect a drop in the exchange rate
because the authorities are set against it'. In actual fact,
the message nowadays invariably seems to be 'this may be the
best price you can get for your foreign currency for some time,
therefore hurry if you wish to sell'. So additional supply may
be provoked by the intervention that more than matches the
additional demand and effects opposite to those intended cannot
be ruled out" (page 191).

Nevertheless he accepts that situations of very short--lived
movements in the exchange rate often occur and this may be offset

by official intervention.

The following examination of intervention by the authorities in
the foreign exchange markets is carried ocut within the context of
the model incorporating lagged adjustment to the current account of
the balance of payménts. Also, given the symmetry of the responses
of the exchange rate to shocks arising from changes in both the
foreign and domestic rates of interest, we concentrate on the
response of the model to a 1% increase in the uncovered foreign
rate of interest. Furthermore, before we can move on to the
simulations two decisions are required concerning the intervention
behaviour of the authorities. The first concerns the actual

intervention rule(s) followed and the second the type of
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intervention followed. Argy [1982) distinguishes two types of
intervention rules. The first is 'leaning against the wind' and
the second the target approach. Leaning against the wind requires
the authorities to intervene so as to resist partially market
forces with the objective of reducing swings in the exchange rate.
The target approach is assumed to entail the authorities moving the
exchange rate towards a desired target rate. Althougbh it is
generally agreed that most intervention in the foreign exchange
markets by the authorities takes the form of leaning against the
wind, we shall examine the efficacy of both approaches and in the
case of target intervention assume that the target adopted by the
authorities is the rational expectation of the equilibrium exchange

rate, that is the terminal condition impdsed on the model.

Two types of intervention bhave been distinguished in the
literature, sterilised and non-sterilised intervention. The
precise distinction  between sterilised and non-sterilised
intervention is ambiguous. De Grauwe et al 1[19851] define
sterilised intervention as intervention in the foreign exchange
markets which doesinot affect the domestic monetary base. Genburg
[1981]1 defines sterilised intervention as intervention which
leaves the domestic money supply unaltered. In contrast Vonnacott
(19821 implies the much more constrained definition of sterilised
intervention as that which leaves "money stock, interest rates,
prices and competitiveness unchanged so that the long-run
equilibrium exchange rate is likewise unaffected" (page 11). In

the model specified in chapter 7, the monetary base is demand
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determined and monetary policy is exercised through variations in
interest rates so that our definition of sterilised intervention
must lie outside a constant quantity of money or other monetary
variables. Thus we have defined sterilised intervention as one
which leaves the domestic money market rate of interest unchanged
and a non-sterilised intervention as one that allows that rate of

interest to change °'.

Vithin the 1literature controversy exists over the potency of
sterilised intervention and we return to this topic in chapter 9.
For the moment it is sufficient to note that Argy (19821 argues
&hat sterilised intervention by the authorities will be effective
in a pumber of situations included in which are i) the authorities
follow a policy of leaning against the wind i1) the spot exchange
rate is flexible and ii1) imperfect substitutability exists between
domestic and foreign currency assets. These conditions apply in
the model described in chapter 7 and we would, therefore, expect
sterilised intervention to alter the adjustment path of the
exchange rate following a shock to the uncovered foreign rate of

interest.

Ve also have to decide on the statistics necessary to describe
the impact of the methods of intervention. At this stage three
statistics are used:

i) The cut in the initial overshoot compared with a

pure float.

i) The mean value of appreciation.
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11D The cumulative cost in reserves.
It 1is important to recognise that the base run or benchmark,
against which a policy intervention is assessed also incorporates
the intervention rule. We are not comparing intervention against a
base run of a pure float. Thus, for example, the rise in the
exchange rate following an increase in the foreign rate of interest
is measured against a base run which also incorporates the same
intervention rule. One important feature to note about these
simulations is the fact that we have left the terminal condition
unchanged. This is equivalent to assuming that the market believes
that no long-run effects on the exchange rate result from
sterilised intervention by the authorities. . Note, however,
intervention does alter marginally the path of transition towards

the long-run equilibrium (i.e. the terminal condition)

0.2 Sterilised Intervention

In order to represent intervention within the model, it is
necessary to specify a reaction function linking reserve changes to
changes in the exchange rate. Artis [1978] surveys the evidence on
reaction functions for the UK economy over the period from the mid
1950s to 1970. He finds that the main objectives included the
quantity of reserves, unemployment and the price level with
instruments including bank rate, special deposits, hire purchase

controls and bank advances requests. It is noteable that, in these
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studies, the target was the quantity of reserves rather than the
exchange rate but this is, no doubt, attributable to the fact that
the period covered was one of a fixed exchange rate, Haache and
Townend [1981] examined the period 1972 to 1980 (i.e. a period of
floating exchange rates) and find that the main intermediate
targets for a reaction function with reserve changes as the
dependent variable included exchange rate changes and interest
rates. However the explanatory power of the estimated equations
was generally not particularly high though it improved towards the
end of the period. As far as interest rates were cancerned, they
find very little evidence of the relationship between exchange rate
pressure and interest rate changes. More generally some studies
(see for example Vonnacott [19821, Quirk (19771 and Artus [1976] )
find explanatory variables additional to changes in the exchange
rate, such as the lagged values of the dependent variable,
considerably improved the explanatory power of the equation
explaining intervention in the foreign exchange markets. Since our
aim is to examine the effects of intervention rather than
explaining why intervention takes place, we have restricted the
explanatory variable in the reaction function to exchange rate
changes. It 1is argued that this is a sufficiently close
approximation to reality to provide a semnsible prediction of the
results of intervention in the foreign exchange markets by the
authorities. Thus the method of including sterilised intervention
in the model is to specify a function of the general form:
ARES = a(LSe~LSe-1) 9.

a<o0
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where ARES (=BF) represents the change in reserves.
The precise value of the coefficient a will depend on two factors.
The first is a scaling factor linking (LS¢~LSe¢-1) to the quantity
of reserves. The second reflects the intensity of intervention. Ve
adopt three alternative rules in ascending order of intensity of
intervention. This function will operate via equations specified
in Appendix 7A in the following manner. First the change in
reserves will alter the net quantity of overseas assets held by the
non-bank private sector via identity (I.11), This alters the
forward premium via equation (E.5) and hence the exchange rate
given the expected exchange rate via equation (E.12). Given the
adjustment path shown in Figure 8.2, it would be expected that
intervention by the authorities in the form of leaning against the
wind would lead to an immediate loss of reserves as the initial
Jump 1in the exchange rate is modified. Subsequently the
authorities would gain reserves as the dollar/pound exchange rate
depreciates towards the long-term equilibrium given by the terminal

condition.

Three intervention rules were tried. These are designated (a),
(b> and (c) in Table 9.1 in increasing order of intemsity of
intervention - i.e. larger values of a # in (9.1) above. As can be
seen from the results shown in that table sterilised intervention
produces a stabilisation of the exchange rate compared with a pure
float but at a cost in the form of loss of reserves. The same

information is also shown in figures 9.1 and 9.2. The pattern of
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reserve loss followed the expected pattern discussed earlier with
an immediate heavy loss but subsequent gains as the authorities
tried to modify the subsequent depreciation of the dollar <(or
equivalently the appreciation of the pound). This is depicted in
Figure 9.2. [KNote the benchmark for these simulations assumes that
the same intervention rules were applicable to the base run as

simulation of the shock.

Table 9.1
Effect of Sterilised Intervention

Leaning Against the ¥ind

Intervention Reduction Mean Cost in
Rule in Initial Appreciation Reserves
Jump in the
Exchange Rate im
a 0.77 1.5 337
b 0.94 , 1.46 450

c 1.15 1.38 559
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For the target approach, we assumed that the target held by the

authorities was the lopg-run equilibrium exchange rate, 1i.e.

terminal condition we imposed on the model. Consequently it

necessary to modify (9.1) to:
ARES = a(LnS. - LnS*) (9.1a)

axa< 0

The results of the simulations corresponding to those for

leaning-against-the-wind intervention are shown in Table 9.2

the

was

the

and

figures 9.3 and 9.4. As can be seen from the details contained in

table 9.2, the effects of sterilised target intervention are quite

different from those obtained Dby leaning-against-the-wind

intervention

Table 9.2
Effect of Sterilised Intervention

Target Intervention

Intervention Reduction Mean
Rule ‘ in Initial Appreciation
Jump in the

Exchange Rate

a 1.14 1.24
b 0.99 1.28
c 1.32 1.16

Cost in
Reserves

&m

592
737

655
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In general both the mean appreciation and the initial overshoot
are reduced compared with the leaning-against-the-wind
intervention. However this improvement is not without cost since
the loss of reserves is increased. This occurs because target
intervention 1is directed continually towards deviations of the
exchange rate from the long-run equilibrium level characterised by
the terminal condition. Consequently the authorities are
continually purchasing sterling throughout the simulation period.
This arises because the market exchange rate ($/£) is always above
the equilibrium (terminal condition) rate. This contrasts with the
position for LAV intervention where, after the initial overshoot,
the authorities are gaining reserves as they moderate the
depreciation of the 8 (i.e. appreciation of the £). There are also
some other interesting results. Increasing intervention (from rule
a to rule b) alters the path of adjustment rather than total

effect. In addition rule ¢ dominates rule b

The simulations for target intervention assume that the
authorities correctly identify the long-run equilibrium exchange
rate (i.e. the‘ terminal condition) as appropriate target for
intervention. It is therefore akin to an assumption of perfect
foresight. Ve have also simulated sterilised target intervention
against the background of an inappropriate target exchange rate.
So as to restrict the proliferation of simulations we concentrate
on intervention rule a in Table 9.2 and consider two possibilities.
The first is the authorities fix their target above the long-run

equilibrium value for the £/$% exchange rate. In this case it would
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be expected that intervention would be less effective in smoothing
the path of the exchange rate towards its equilibrium value but
also less costly in terms of reserves as the authorities intervene
towards an undervalued &. The second possibility is that the
authorities intervene towards a target of an $/£ exchange rate
below the long-run equilibrium. This case approximates a situation
of defending an over-valued & and would be expected to be costly in
terms of reserves but would speed up the adjustment process. The
simulations reported below in Table 9.3 refer to an error in the
target of 1% either side of the long-run equilibrium rate with
result 1 referring to the first case discussed above. As a base
run we bhave used the correct target, i.e. intervention is directed
towards the long-run equilibrium rate so that the error only occurs
in the }esponse to the extermnal shock.

Table 9.3

Effect of Sterilised Intervention

Target Intervention: Incorrect Targets.

Case Reduction Mean Cost in
in Initial Appreciation Reserves
in
1 0.16 1.85 362
2 1.91 0.66 1573

Comparison of the figures shown in Table 9.3 with the corresponding
figures in Table 9.2 (i.e. line 1 of that table) substantiates our
earlier comments. Case 2 shows a much higher reserve loss. This

suggests that target intervention is a much riskier policy than



- 302 ~

leaning against the wind where the knowledge fequirement for the

authorities is much less onerous.

9.3 Non—Sterilised Intervention

Ve now turn to the question of non-sterilised intervention. In
this case an extra function is required linking adjustments in the
domestic money market rate of interest to changes in reserves. 1Imn

particular an increase in this rate of interest follows from a loss

of reserves. The function adopted takes the following general
form:
RM = RMe-1 - BARES 9.2

Changes 1n the domestic rate of interest will, as we have already
seen from the simulations reported in chapter 8.3, tend to offset
the initial rise in the uncovered foreign rate of interest. There
is, however, a timing difference. The rise in the foreign rate of
interest applies from the beginning of the simulation period
whereas the rise in the domestic rate of interest operates at the
end of the first quarter following the reserve loss. Again in order
to avoid proliferation of simulations we restrict our analysis to
intervention rule a in Tables 9.1 and 9.2 coupled with a value for
B in equation (9.2) which produces a reasonable rise in the
domestic money market rate of interest 3. A further difficulty

arises with respect to the specification of the simulation. It
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seems inconsistent to assume that the terminal condition is not
influenced by intervention when this is accompanied by a rise in
the domestic money market rate of interest. If this rate was
increased on its own and the market perceived this change to be
permanent, then the terminal condition would be altered for
simulation purposes. Therefore it may be reasonable to assume that
the markets expect that monetary policy leading to a rise in the
domestic money market rate of interest will alter the long-run
equilibrium excbange rate and hence a change in the terminal
condition would be appropriate. The question then arises by how
much should the terminal condition be changed. Ve show the result
of two simulations representing polar views. The first (assumption
A) shows the result when the terminal condition adjusts only to the
change in the uncovered foreign rate of interest. The second
(assumption B) shows the effect of the terminal condition returning
to its original value i.e. the value prior to the increase in the
foreign rate of interest. This second assumption is equivalent to
believing that +the markets perceive that intervention by the
authorities will completely offset the rise in foreign interest
rates 1f domestic interest rates are changed at the time of

intervention.

The results of these simulations are shown in Table 9.4 and
Figures 9.5 and 9.6 Again it should be noted that the base run
benchmark incorporates both the reserve and interest intervention
rules. Vith no change in the terminal condition, the results for

non-sterilised intervention correspond closely with those obtained
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for sterilised intervention using the corresponding intervention
rule (a in Table 9.2). The initial overshoot is reduced but
otherwise the results are almost identical. In tbhe case of
assumption B, the result is completely different. A considerable
degree of stabilisation is achieved at a relatively low cost of
reserve loss. This demonstrates the importance of the assessment
by the market of the potency of intervention by the authorities.
A similar picture in respect of Target intervention is revealed in
Table 9.5 and Figures 9.7 and 9.8 ; very effective amelioration in
the rise in the exchange rate but at a bhigh cost in reserves which
is not relieved by the market's perception of the effectiveness of

intervention.

Table 9.4

Effect of RNon-Sterilised Intervention

Leaning Against the V¥ind

Assumption Reduction Mean Cost in
in Initial Appreciation Reserves
Jump in the inm

Exchange Rate

A 0.43 1.55 341

B 1.11 0.78 63
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Table 9.5
Effect of Non-Sterilised Intervention

Target Intervention

Assumption Reduction Mean Cost in
in Initial Appreciation  Reserves
Jump in the &m

Exchange Rate

A 1.36 1.18 637

B 2.40 0.19 689

9.4 An Assessment of Intervention

So far we have established that intervention can influence the
path of the exchange rate but at a cost in terms of changes in
official holdings of foreigﬁ exchange reserves. This poses the
question of against what criteria must the efficacy of intervention
be judged. Friedman [1953] suggests a single criteria - the
profitability of intervention. This arises because stabilisation
would seem to imply the authorities buying below the equilibrium
rate and selling above the equilibrium rate. Mayer and Taguchi
{1983] demonstrate that this criteria has only limited application
due to the fact that the only available information with which to
evaluate the activities of the authorities is 'ex post' data rather
than a series indicating what the exchange rate would have been in

the absence of intervention. Similarly if the exchange rate is



- 308 -

subject to a trend, intervention may be unprofitable but
stabilising in the sense that the market rate is moved towards the
equilibrium adjustment path - that is unless a 'unique' interest

rate differential equals the slope of the underlying trend of this

equilibrium adjustment path.

More recently a variety of methods have been employed to examine
whether intervention - and in particular sterilised intervention #
- has been effective. Three broad approaches can be distinguished:
First, the use of reduced form models, second, examination of
periods of actual intervention to see whether the exchange rate was
moved towards its equilibrium path and third, simulation of models
of the financial sectors of different economies. Clearly this
model falls into the third category. In order to indicate their

nature a highly selective survey of studies within these three

categories now follows.

Vith respect to the first category the general procedure is to
estimate a reduced form equation of the following general form:

ACAP = ao = owADCE + a=zR* + ..... (9.3)

where CAP the capital account, balance of payments

DCE = domestic credit expansion

The coefficient a1 1s designated the ‘'offset coefficient' as it
measures the fraction of domestic credit expansion reversed by
subsequent foreign exchange losses. A value of -1 indicates a

complete offset and consequently the inability of the authorities

to pursue a domestically orientated monetary policy or equivalently
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the ipability to sterilise intervention. Using the reduced form
approach, Argy and Kouri [1974] estimated capital flow equations
for Germany, Netherlands and Italy over the period 1964 to 1970.
They reached the tentative conclusion that the effect of changes in
the domestic component of the monetary base had been partially
offset by private capital movements. Similarly Quirk [1977]1 using
data for Japan over the period March 1973 to October 1976, found
that regression of the yen on a variety of variables failed ta
establish a significant role for the intervention variable in the

determination of the spot exchange rate.

Studies following the second approach include Mayer and Taguchi
[1983]»(period 1974 to 1982 using monthly data for the Yen, Dmark
and the &) and Vonnacott [1982] (period 1977 to 1979 using daily
data for the Dmark versus the $). In both cases the approach
involved estimating the adjustment path through the use of moving
averages and, subsequently, ascertaining whether the intervention
would move the exchange towards rather than away from this path.
In both studies the broad conclusion was that intervention was
stabilising in tﬁis sense. It should also be noted that this
approach blurs the distinction between sterilised and non-

sterilised intervention

Examples of the third approach are Obstfeld [19831, Kearney and
MacDonald {19851 and of course De Grauwe et al {19851, Obstfeld
{19831 presents a four equation model of the financial sector of

the German economy using monthly data for the period 1979(1) to
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1681¢(6)>. The equations comprise a money demand function, a money
supply function, a domestic and foreign demand for German bonds.
The model was simulated using the rational expectations hypothesis
that expected inflation reflected the model predictions of future
exchange rates. The base run ® was obtained using historical
values of the monetary base and outside debt supply. Two
simulations were carried out representing tramnsitory intervention
which was reversed after nine months. The first simulation
represented monetary intervention involving a reduction of 10% in
the monetary base. In the second simulation the effect on the
monetary base was sterilised through the issue of a corresponding
amount of government debt. The effect of intérvention was to cause
a much sharper appreciation of the currency in the case of monetary
intervention rather than sterilised intervention. Kearpey and
MacDonald employ a similar methodology with respect to UK data
using essentially the same model as was presented in Kearney and
MacDonald [1984] - see chapter 2 section 10. They comnsider two
different types of environment: static expectations and 'perfect
foresight' when expectations are formed in accordance with model
predictions. The interventions, which involve selling foreign
exchange (equivalent to £1 billion) are unanticipated and continue
for three months starting from 1976(1). Intervention is more
powerful in the case of 'perfect foresight'. The results of the
simulation sbow a curious dichotomy. Monetary intervention causes
the exchange rate ($) to apﬁreciate by nearly 8% whereas sterilised
intervention causes it to depreclate by just over 3% No

explanation is given for this differential impact. Furthermore the
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cost of intervention seems excessive in relation to the stock of
reserves held by the UK at that time (approximately £2800m at the
start of the simulation period). As noted in chapter 8 our
methodology is different. Ve simulated a shock in the form of an
unanticipated rise in the uncovered foreign rate of interest and
examined the extent to which official intervention in the foreign

exchange markets would moderate the rise in the $ exchange rate €.

Ve contend that the criteria involved in concentration on

exchange rate changes is too narrow to assess the efficacy of

official intervention in the foreign exchange markets. For example

no consideration is given to the possibility that stabilisation of

the exchange rate is attained at the expense of destabilisation in

domestic financial markets. Since we are interested in the

interaction of exchange rate changes and domestic financial markets
it is logical to examine the effects of intervention against a

wider background. Hence we propaose to use, as the relevant

criteria against which to judge the efficacy of intervention, a
loss function which the authorities are assumed to wish to
minimise. This loss function should contain as its arguments

indicators which reflect both price and quantity conditions in the

various financial markets. The indicators we have chosen are: the

exchange rate (S), changes in reserves (ARES), the loan rate (RL)
and the money supply - Narrow definition (M1) as well as the broad
definition (M2). Ve use two definitions of the money supply in

order to capture any switches between M1 and M2 following changes
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in domestic interest rates. In order to carry out this assessment
we have imposed the following loss function:
LF = Lioa {(aX4/X4)2100}2 9.4)
vwhere 8Xy represents the change in the indicator as

compared with the base run

X: represents the value of the indicator in the base

run

Ias = 1
Specification of the variable representing reserves merits further
discussion. It was necessary to build up a notional value of
reserves for each simulation. This was done by starting from the
actual figure for the start of the simulation period and
adding/subtracting the <changes implied ©by the particular
intervention rule applicable to that simulation. Thus the variable
aX refers to the change (i.e. the current flow change not the
cumulative change as shown in the Figures 9.2, 9.4, 9.6 and 9.8) in
the notiocnal series of reserves relevant to a particular
intervention rule. A further difficulty arose from the fact that
foreign currency reserves are denominated in $s and are therefore
immune to changes in the exchange rate whereas intervention in the
model is denominated in &s. Consequently the change in reserves
was converted into $s using the the exchange rate produced by the

model solution

It should be noted that the precise form of the loss function
adopted in (9.4) bas several important implications. First, any

fluctuation compared with the ‘'base run' is bad. Thus, for
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example, a gain 1n reserves 1is given equal welght to a loss in
reserves. This 1is particularly relevant to the assessment of
leaning-against-the-wind intervention (LAV) since the authorities
are involved in a heavy loss in reserves in the period of the shock
which is partially offset by subsequent gains. These changes in
reserves are all considered a loss and increase the value of the
loss function. Second, because the function is in terms of
squares, 1t 1s very sensitive to large numbers. Again this
prejudices the function against LAV intervention in view of the
beavy loss in reserves in the first period. Third, the function is
in ratio form which not only permits comparison between the
indicators adopted but also implies that if is relative changes
which matter. Finally we have to decide on the relative importance
of the various indicators within the overall function, i.e. the
values for the ois. In the absence of any strong 'a priori' views

we decided to assume equality.

In addition to the simulations carried out in this chapter, the
authorities could react to a change in the foreign rate of interest
by adjusting the money market rate by precisely the same amount.
This would leave the exchange rate virtually unaltered so passing
the burden of adjustment entirely on to domestic variables. In
order to evaluate the various policy options we show in Table 9.6
the values of this loss function for each of the major simulations
carried out in chapters 8 and 9 together with the interest rate
option discussed above. For sterilised intervention, all

intervention rules show that intervention is costly in terms of
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reserve losses. The values for LAV intervention reflect the caveat
mentioned earlier concerning the high values allocated to large
changes. Consequently, although the cumulative loss of reserves is
greater in the case of target intervention than in LAV, the latter
dominates tbe former within the context of the loss function
specified in (9.4). It should also be noted that intervention rule
b for target intervention involves a relatively bigh reserve loss.
Turning to non-sterilised intervention, we distinguish between the
two assumptions made in this chapter concerning the market's belief
in the effectiveness of intervention. ‘A' reflects the assumption
that the market believes intervention is completely ineffective
with respect to influencing the long-term equilibrium rate. 'B' is
the opposite assumption that interQention prevents the long-run
equilibrium rate responding to the shock so that the terminal
condition is the same as that for the base run. In both instances
this form of non-sterilised intervention (i,e. 'active') 1is more
powerful than non-sterilised intervention. Note, however, in this
case stability of the exchange rate is obtained at the expense of
fluctuations in other variables such as the money supply and
domestic rates 6f interest. This again illustrates the vital role
of the market's assessment of the effectiveness of intervention by
the authorities in the foreign exchange market. Finally complete
stabilisation of the exchange rate at zero cost in reserves is
obtained if the authorities match any rise in the uncovered foreign
rate of interest by a corresponding change in the domestic money-

market rate of interest ('Interest Rate Option' in Table 9.5).
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Tadble 9.6

Losses due to a Rise of 1% in the Uncovered Foreign
Rate of Interest

S ARES RL X2 M1 Overall
Index
Pure Float 24.9 0 1.5 1.6 0.3 5.6
Sterilised
Intervention
LAY (rule a) 19.4 171.4 6.8 5.3 0.2 40.6
(rule b) 17.7 209.7 8.7 7.8 0.4 48.7
(rule ©) 15.5 221.1 9.8 9.8 0.7 51.4
TGT (rule a) 12.7 36.6 7.5 9.3 0.9 13.4
.(rule b) 12.6 80.8 9.8 16.1 2.2 24.3
(rule ©) 11.0 42.4 8.4 11.0 1.1 14.8
Non-Sterilised
Intervention
LAV D 16.9 167.2 39.3 12.1 0.4 47.8
(B) 5.8 80.2 13.4 5.7 0.3 21.1
TGT (A 12.5 33.6 21.5 8.8 0.5 15.4
(B) 0.7 29.4 19.9 8.4 0.7 11.8
Interest Rate
Option 0.0 0.0 927.0 2.2 24.1 190.7

LAV refers to Leaning-Against-The Vind Intervention

TGT refers to Target intervention

Rules (a) and (b) refer to the intensity of intervention as
discussed in chapter 8

(A), (B) refer to the assumptions concerning the terminal
conditions.



- 316 ~

However, the details contained in Table 9.6 suggest that the cost
of this option is high in terms of the effect on domestic financial
markets. The change in M1 is more pronounced than that in M2
reflecting the substitution of time deposits for sight deposits as
well as that of bonds for money. This contrasts with the results
for the other simulations where interest rate effects were smaller

and larger wealth effects resulted from the changes in reserves.

Intervention is costly and in terms of the loss function the
pure float dominates the other discussed policy options open to the
authorities. On the other hand it must be remembered that we have
allocated an equal importance to changes in all the indicators in
the. loss function. If a weighted average was applied then active
non-sterilised intervention could be considered an acceptable
alternative - particularly if the authorities can convince the
public at large that intervention is successful so that the long-
run equilibrium value of the exchange rate is altered (i.e the
terminal condition is changed). This would, however, require a
large change in the weights. For example, if (in the case of
leaning against the wind, assumption B) the weight attached to
exchange rate fluctuations rose to 0.6 and that for each of the
other indicators fell to 0.01, then the value of the overall index

would fall to 6.3 - still higher than the value for a pure float.

0.5 Conclusions
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Ve have found‘that intgrvention cén influence the adjustment
path of the exchange raée but at quite a high cost in reserve loss
(or gain if movements are in the opposife.direction as for example
would occur if the uncovered foreign rate of interest fell). In
the case of non-sterilised intervention the efficacy of.
intervention was dramatically increased and the corresponding cost
reduced when intervention was perceived by the markets to be
completely effective. Turning now to the narrower -question of
profitability of intervention in the foreign exchange markets, it
is apparent that it is costly in terms of reserve losses for the
.authorities to intervenme in the foreign exchange marketg;inAorder'
to moderate the depreciation of the pduﬁd foilowing a rise iﬁ‘the
foréign rate of interest. .= However, as we have. already noted,
movemepts in thgﬂ exchange rate are roughly symmetrical to both
domestic and fo;;ign shocks. Consequently.it night be expected
that, over a sufficiently long time period, tte authorities would
achieve a net gain in reserves since they would be buying sterling
at a lower rate than that at which subsequent sales were made. Ve
illustrate this point in Figure 9.9 over a two—period cycle noting
that all the changes are unanticipafed because c% cur assumption of
the rational expectations hypothesis. The uhcerred foreign rate‘
of interest rises by 1% at time t sovthat the $/4& exchange rate
immediately 1increases but suasequently declines to the long-run
equilibrium at time t+l1 <(note this coincides with the terminal
condition). At this point the uncovered foreign rate of interest

falls again to its original level so that there is an immediate

drop in the exchange rate which then gradually climbs bsck to its
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criginal level. Thkus in the period t to ¢+1, the autiorities are
,sellidg $ to moderate the rise in the price of the $ on the foreign
exchange markets. Conversely during period t+1 tec t+2 the
authorities are buying $ tc modsrate the depreciation of the $. It~
is apparent that the selling price of the 3 exceeds the buying
price so that this gap provides the authorities with aa increase in
resérves.. The existence of tiie profit is independent of the
terminal horizon but its magnitude does depend on this horizon
since the size of <he inifial roveneat in the exchange rate
increases as the terminal conditioun is extended intoc the future -

see Figure 8.1 for a demonstration cf this'point.

Ve examine further this possibility by converting the flow
lossess/gains in reserves iato a $ valuation at the exchange rate
ruling at the en& of the period.in which.intervent;on takes place.
Ve then constructed an artifical cycle.of 1€ quarters consistihg of
'two sub periods. The fifst quarter saw a r?se of 1% in the
uncovered foreign rate of interest and the 9th quarter a.fall of 1%
in that rate. ' As an illustrative example, i;tervention followed
léaning against the wind (éterilised) according:to rule a in Figure
2.1, As would be expected the authorities acquired a net gain in
reserves ~over the 6y;1e but cne which only ameunted to. 19m$;
According to the profitability criteria then, foreign exchange :
intervention is efficient but note that we have not met any of the
objectichs to the profit criteria discussed by.Mayér and Taguchi
(19831 - see page 307. In fact another real problem facing the UK

asuthorities 1is the scale of intervention mnecessary to nove the
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exchange rate. Thus, for examfle, fhé'cost of leaning-against-the~
wind intervention folléwigg assumption 4 ianable 9.4 entails a .
loss of reserves amounting to &£585m in the period following the
shock which represents just over 20% of the stock of foreign
currency. reserves at that time. In +the case of target
intervertion, the initial cost is lower but the cumulative loss of
reserves is higher (e.g. £578m for Assumption A in Table $.5). The
sole exception to this cost occurs for leaning-against-the-wind -
intervention whkere the market believes £ha§ interventicn will be
successful (i.e., assumption B in Table 0.4). The cumlative
reserve 1oss.£alls to £63m though the first period loss still

remaigs high at &£381lm. The existence of modest profits
atiributable to intervention over the long run does not therefore

modify the earlier conclusions following from the detaii

incorporated in Takle 9.6

Figure ©9.9: Intervention over the Cycle

e,

%a8{$ per £)

t t+1 t+2 Period




- 320 -

Notes

1 In the terminology of De Grauwe et al [19851 this is “active
non-sterilised intervention" (page 156). The rise in the
domestic money market rate of interest causes a corresponding
rise in the rate of interest on government securities (RG)
leading to substitution of government securities for other
assets in the portfolio of the non-bank private sector. This
can be verified from the change in the market value of
government bonds held by the mnon-bank private sector in the
following way. The total chnnge in hbldings of government
securities within the ©portfolio is attributable to two
components: i) the negative valuation effect due to the rise in
interest rates and ii) the positive substitution effect. The
period following the rise in domestic interest rate saw the
total market value of bond holdings fall by £232m out of which
£392m can be explained by the negative valuation effect.
Consequently non-bank private sector holdings of government

bonds increased by £160m due to the rise in interest rates.

2 The values of a in (8.19) are 30,000, 40,000 and 50,000 for
intervention rules a,b and ¢ respectively. As noted in the main
body of the text these figures represent the intensity of

intervention and a scaling factor.

3 The value of B in (8.10) is 0.0001
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Bockelmann (1983] questions the practical value of the
distinction between sterilised and non-sterilised intervention.
He argues that adjustment of shortages/surpluses in the domestic
money markets depends on the overall situation not on whether or
not the imbalance is due to intervention in the foreign exchange

markets.

Obstfeld noted that the ‘benchmark' simulation did not
correspond closely the historical path. He also attributed this

lack of conformity to "unanticipated" events (page 183).

This methodology is similar to that adopted by De Grauwe et al

[1985],
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CHAPTER 10 CONCLUSIONS

The object of this study is to construct an empirical portfolio
balance model of the UK financial system with a view to the
examination of the interaction between the various returns on
assets, the quantities of assets and the exchange rate. The
analysis and investigation described in the previous chapters

support the view that this objective has been achieved to a

reasonable extent

"In contrast to many other theoretical and empirical studies, we
have incorporated a richer menu of asset choice within the non-bank
private sector. In particular bank lending appears as a major
coﬁponent of the portfolio. 1In this respect, Kearney and MacDonald
[1984] and [1985] are similar but with a more limited portfolio
choice since the quantities of assets are given in their models.
Ve bave also.included a supply side function in the form of the
specification of the portfolio behaviour of the banking sector
(chapter 5). Furthermore, again in contrast to other studies of
the UK financial system (except that by Kearney and MacDonald
{1985]1) we have assumed that expectations of future exchange rates
are formed in accordance with the rational expectations hypothesis.
In this and other respects the methodology is similar to that

adopted by De Grauwe et al [1985].
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It is not claimed that the specification of the various
functions, or for that matter, the values of the coefficients
estimated represent precisely the population coefficients. Ve
would, however, claim that they are reasonably representative of
the behaviour of the financial sector given the assumption of this
type of portfolio balance model. It is against this background
that our assessment of shocks and intervention by the authorities

in the foreign exchange markets must be evaluated.

Before summing up the conclusions of this study, i1t is
appropriate to note some limitations of the analysis. These
limitations can be divided into two categories. The first category
concerns the estimation of the model and the second the extent of
the theoretical specification of the model. Dealing with the first
category, no use was made of sequential tests to assess the
structure of the equations or the lag structure in the manner
suggested by Mizon [(19761. Ve advance three reasons for +this.
First the observation period yielded insufficient data to provide
for the use of what are essentially asymptotic tests. Second, we
commenced with an 'a priori' structure with the intention of
analysing the properties of such a framework. Third, the
observation period (1972/1980) was a period of considerable
structural change so that a more empirical approach seemed
inappropriate. For similar reasons we have not tested the
stability of the parameters over the estimation period. Turning
now to the second category of limitations, first the model includes

no links between changes in the financial sector and the subsequent
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reactions witbin the real sector. Consequently real expected
income is held constant throughout the simulations. Second, and
similar to the first point, there is no link between changes in the
exchange rate and the expected price level so that expected
inflation is also held constant throughout the simulations. Third,
the act of intervention by the authorities is assumed not to
influence the behaviour of the markets as compared with a pure
float °. On the other hand expectations are not static and are
assumed to vary in response to the foreign interest rate shock.
Furthermore, wealth holdings are subject to valuation effects from
changes in both interest rates and exchange rates thus meeting the
point made by Frenkel [1983]. Perhaps more cbntroversially we have
assumed that government debt is perceived by the non-bank private
sector as wealth and is not offset by the discounted value of

future tax payments necessary to service the debt.

It should also be noted that whilst the intervention analysis is
conducted in terms of a rise in the uncovered foreign rate of
interest, the analysis is of general application in view of the
symmetry of the model response to other shocks described in chapter

8.3

Our conclusions concerning the practicality of successful
intervention by the authorities in the foreign exchange markets
tend towards pessimism. This is due to a number of reasons.
First, the assessment by the market of the permanence of the shock

is of critical importance. If the shock is viewed as temporary,
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then the exchange rate is affécted.cnly to a small extent and tkere
is little need for intervention %& the authorities. 'Second, when
the shock is'perceiQe& as permanent, intervention appears to be
costly in terms of resefves lost by the aufharities. This is eo0
even when the intervention target is the long-run equiiibrium
exchange rate and the market believes that intervention will
completely offset any movement in the exchange rate. Howaver a

4

qualification to this conclusion‘concerns_the existing stock of
reserves held by the UK. The loss functicn (9.4) is specified in
terms of percentage changes so that an increased stock of reserves
would reduce the percentage change given the absolute quantity of
reserve loss/gaiﬁ. Consequently higher stocks of reserves could-
make intervenfion a less costly'.and, therefore, more attractive
’poliéy. Even so the figures contained in Table 9.6 suggest that
stability of the exchaﬁge rates is gained at the expense of greater
valatiliiy in domestic f{inancial markets. In other words a pure
float seems to be the most appropriate exchange rate policy in the

absence of stringent coatrols on capital movements. Our findings

also suggest that a policy of changing domestic interest rates to

s
1

match movements in the exchange rate is inappfopriate because of
its high cost in the form of the disturbanceé created in other
financial markets, Finally our simulations sdggest that the
authorities could maké net gains in reserves in the long run by
intervening in the foreign exchange markets but tbat the scale of
intervention necessary 1o achieve only modest increases in reserves

tends to make such a policy unattractive given the disturbances to

the other financiel markets.
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Consequently our findings are rather pessimistic about the
practicality, let alone desirability, of intervention by a single
country on the foreign exchange markets.. Finally we would like to
draw attention to the fact +that our conclusions relate to

short/medium term intervention rather than to day-to-day smoothing

operations.
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Notes

1 Mussa [1981] discusses the possibility that intervention may
convey new information to the market about future monetary

growth.
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